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PLAN OF THE TALK

• Predicting Responses under Environmental Stresses in A. thaliana 

• Transcriptional Regulation 

• TR modelling 

• TR Switch modelling 

• Statistical inference for TRS

Giorgos Minas, Inferring transcription regulation logic using the TRS model 
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PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA

General question:  
How plants respond to 

climate change? 

Target question:  
What gene regulation networks are active under environmental 
stresses? Which are the key genes for the response to stresses? 

Giorgos Minas, Inferring transcription regulation logic using the TRS model 
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•Observe plants under various environmental stress 
•Measure gene expression (microarray) in multiple time-points

PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA

Giorgos Minas, Inferring transcription regulation logic using the TRS model 
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PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA
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PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA
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knock-out experiments
overexpresser experiements

parameterised model
phase B

Arabidopsis infected with Botrytis cinerea

worldwide data resource

network inference

Identification of key 
regulatory genes

validated network

PREDICTING RESPONSES IN ENVIRONMENTAL STRESSES IN A. THALIANA

My part:   
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 
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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.   
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Graph of a simple example 
of transcriptional regulation
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⌧(t): transcription (birth) rate
<latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit>

�: degradation (decay) rate
<latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit>

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

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

R+
<latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit>

dM

dt
= ⌧(t)� �M(t)

<latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit>

which can be also written in regression form,

M(t) = M(0) + f(t, ⌧, �)
<latexit sha1_base64="j0THRGPpUjrpAMnOfpNodezptj4=">AAACJHicbVDLSgMxFM3UV62vUZduglVosZSZbnQjFNy4ESrYB8wMJZNm2tDMg+SOUIb+gB/i2q1+gztx4ca9f2H6WNjWAyGHc+4jOX4iuALL+jJya+sbm1v57cLO7t7+gXl41FJxKilr0ljEsuMTxQSPWBM4CNZJJCOhL1jbH95M/PYjk4rH0QOMEuaFpB/xgFMCWuqaZ66D70pQxtf6ssr4AgclqLhA0orbYwJIGbte1yxaVWsKvErsOSmiORpd88ftxTQNWQRUEKUc20rAy4gETgUbF9xUsYTQIekzR9OIhEx52fQ3Y3yulR4OYqlPBHiq/u3ISKjUKPR1ZUhgoJa9ifif56QQXHkZj5IUWERni4JUYIjxJBrc45JRECNNCJVcvxXTAZGEgg5wYctktlSBGhcKOht7OYlV0qpVbatq39eK9fo8pTw6QaeohGx0ieroFjVQE1H0hF7QK3ozno1348P4nJXmjHnPMVqA8f0LlnChiQ==</latexit><latexit sha1_base64="j0THRGPpUjrpAMnOfpNodezptj4=">AAACJHicbVDLSgMxFM3UV62vUZduglVosZSZbnQjFNy4ESrYB8wMJZNm2tDMg+SOUIb+gB/i2q1+gztx4ca9f2H6WNjWAyGHc+4jOX4iuALL+jJya+sbm1v57cLO7t7+gXl41FJxKilr0ljEsuMTxQSPWBM4CNZJJCOhL1jbH95M/PYjk4rH0QOMEuaFpB/xgFMCWuqaZ66D70pQxtf6ssr4AgclqLhA0orbYwJIGbte1yxaVWsKvErsOSmiORpd88ftxTQNWQRUEKUc20rAy4gETgUbF9xUsYTQIekzR9OIhEx52fQ3Y3yulR4OYqlPBHiq/u3ISKjUKPR1ZUhgoJa9ifif56QQXHkZj5IUWERni4JUYIjxJBrc45JRECNNCJVcvxXTAZGEgg5wYctktlSBGhcKOht7OYlV0qpVbatq39eK9fo8pTw6QaeohGx0ieroFjVQE1H0hF7QK3ozno1348P4nJXmjHnPMVqA8f0LlnChiQ==</latexit><latexit sha1_base64="j0THRGPpUjrpAMnOfpNodezptj4=">AAACJHicbVDLSgMxFM3UV62vUZduglVosZSZbnQjFNy4ESrYB8wMJZNm2tDMg+SOUIb+gB/i2q1+gztx4ca9f2H6WNjWAyGHc+4jOX4iuALL+jJya+sbm1v57cLO7t7+gXl41FJxKilr0ljEsuMTxQSPWBM4CNZJJCOhL1jbH95M/PYjk4rH0QOMEuaFpB/xgFMCWuqaZ66D70pQxtf6ssr4AgclqLhA0orbYwJIGbte1yxaVWsKvErsOSmiORpd88ftxTQNWQRUEKUc20rAy4gETgUbF9xUsYTQIekzR9OIhEx52fQ3Y3yulR4OYqlPBHiq/u3ISKjUKPR1ZUhgoJa9ifif56QQXHkZj5IUWERni4JUYIjxJBrc45JRECNNCJVcvxXTAZGEgg5wYctktlSBGhcKOht7OYlV0qpVbatq39eK9fo8pTw6QaeohGx0ieroFjVQE1H0hF7QK3ozno1348P4nJXmjHnPMVqA8f0LlnChiQ==</latexit><latexit sha1_base64="j0THRGPpUjrpAMnOfpNodezptj4=">AAACJHicbVDLSgMxFM3UV62vUZduglVosZSZbnQjFNy4ESrYB8wMJZNm2tDMg+SOUIb+gB/i2q1+gztx4ca9f2H6WNjWAyGHc+4jOX4iuALL+jJya+sbm1v57cLO7t7+gXl41FJxKilr0ljEsuMTxQSPWBM4CNZJJCOhL1jbH95M/PYjk4rH0QOMEuaFpB/xgFMCWuqaZ66D70pQxtf6ssr4AgclqLhA0orbYwJIGbte1yxaVWsKvErsOSmiORpd88ftxTQNWQRUEKUc20rAy4gETgUbF9xUsYTQIekzR9OIhEx52fQ3Y3yulR4OYqlPBHiq/u3ISKjUKPR1ZUhgoJa9ifif56QQXHkZj5IUWERni4JUYIjxJBrc45JRECNNCJVcvxXTAZGEgg5wYctktlSBGhcKOht7OYlV0qpVbatq39eK9fo8pTw6QaeohGx0ieroFjVQE1H0hF7QK3ozno1348P4nJXmjHnPMVqA8f0LlnChiQ==</latexit>

�2
<latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit>

�1
<latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit>

g
<latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit>

Graph of a simple example 
of transcriptional regulation

Giorgos Minas, Inferring transcription regulation logic using the TRS model 



TRANSCRIPTION REGULATION MODELLING

�1
<latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit>

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

R+
<latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit>

dM

dt
= ⌧(t)� �M(t)

<latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit>

where some of the models used for transcription are

⌧(t) = ↵0 + ↵1P�1(t) + ↵2P�2(t) + . . .
<latexit sha1_base64="QS2GbkCUwbS8zCrX94ioiDWB7Y8="></latexit><latexit sha1_base64="QS2GbkCUwbS8zCrX94ioiDWB7Y8="></latexit><latexit sha1_base64="QS2GbkCUwbS8zCrX94ioiDWB7Y8="></latexit><latexit sha1_base64="QS2GbkCUwbS8zCrX94ioiDWB7Y8="></latexit>

⌧(t) = ↵0 + ↵1f1(P�1(t), ✓1) + ↵2f2(P�2 , ✓2)(t) + . . .
<latexit sha1_base64="BODO3VBAwyQXmTozsbRN/dIFECs="></latexit><latexit sha1_base64="BODO3VBAwyQXmTozsbRN/dIFECs="></latexit><latexit sha1_base64="BODO3VBAwyQXmTozsbRN/dIFECs="></latexit><latexit sha1_base64="BODO3VBAwyQXmTozsbRN/dIFECs="></latexit>

⌧(t) = ↵0 + ↵1P�1(t) + ↵2P�2(t) + ↵12P�1(t)P�2(t) + . . .
<latexit sha1_base64="TY1xpToBbUiq90Ixdzp02BsBthI="></latexit><latexit sha1_base64="TY1xpToBbUiq90Ixdzp02BsBthI="></latexit><latexit sha1_base64="TY1xpToBbUiq90Ixdzp02BsBthI="></latexit><latexit sha1_base64="TY1xpToBbUiq90Ixdzp02BsBthI="></latexit>

�2
<latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit>

�1
<latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit>

g
<latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit>

Graph of a simple example 
of transcriptional regulation

⌧(t): transcription (birth) rate
<latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit>

�: degradation (decay) rate
<latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit>

Giorgos Minas, Inferring transcription regulation logic using the TRS model 



TRANSCRIPTION REGULATION MODELLING

�1
<latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit>

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

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

R+
<latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit>

�2
<latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit><latexit sha1_base64="ymQBj7vP0SMZJCgGBBS++19yE4g=">AAACFnicbVC7TsMwFHV4lvAKILGwWLRITFXSBcZKXRiLRB9SG0WO67RWHSeyHaQo5D+YWeEb2BArK5/AX+CkGWjLkSwdnXPvPdbxY0alsu1vY2Nza3tnt7Zn7h8cHh1bJ6d9GSUCkx6OWCSGPpKEUU56iipGhrEgKPQZGfjzTuEPHomQNOIPKo2JG6IppwHFSGnJs84b2bi8kuEU8Xwcz6jXyhueVbebdgm4TpyK1EGFrmf9jCcRTkLCFWZIypFjx8rNkFAUM5Kb40SSGOE5mpKRphyFRLpZmZzDK61MYBAJ/biCpfp3I0OhlGno68kQqZlc9QrxP2+UqODWzSiPE0U4XgQFCYMqgkUZcEIFwYqlmiAsqP4rxDMkEFa6sqWU4raQgcxNU3fjrDaxTvqtpmM3nftWvd2pWqqBC3AJroEDbkAb3IEu6AEMnsALeAVvxrPxbnwYn4vRDaPaOQNLML5+AedFn4U=</latexit>

�1
<latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit><latexit sha1_base64="Ix6yFcy25JBHbqSLY+Q36+6Yuyc=">AAACFXicbVC7TsMwFHXKq4RXADGxWLRITFXSBcZKXRiLRB9SE0WO47RWHSeyHaQqyncws8I3sCFWZj6Bv8BJO9CWI1k6Oufee6wTpIxKZdvfRm1re2d3r75vHhweHZ9Yp2cDmWQCkz5OWCJGAZKEUU76iipGRqkgKA4YGQazbukPn4iQNOGPap4SL0YTTiOKkdKSb100c7e6kgsSFm46pb5TNH2rYbfsCnCTOEvSAEv0fOvHDROcxYQrzJCUY8dOlZcjoShmpDDdTJIU4RmakLGmHMVEenkVXMBrrYQwSoR+XMFK/buRo1jKeRzoyRipqVz3SvE/b5yp6M7LKU8zRTheBEUZgyqBZRcwpIJgxeaaICyo/ivEUyQQVrqxlZTytpCRLExTd+OsN7FJBu2WY7ech3aj0122VAeX4ArcAAfcgg64Bz3QBxjk4AW8gjfj2Xg3PozPxWjNWO6cgxUYX78D3p8K</latexit>

g
<latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit><latexit sha1_base64="1N2Fr5ebUdf6Ax5rUP+yvnmoVKg=">AAACAXicbVC7TsMwFL0prxJeBUYWixaJqUq6wFipC2MR9CG1UeW4TmrVcSLbQaqiTsys8A1siJUv4RP4C5w2A205kqWjc+7Lx084U9pxvq3S1vbO7l553z44PDo+qZyedVWcSkI7JOax7PtYUc4E7WimOe0nkuLI57TnT1u533uiUrFYPOpZQr0Ih4IFjGBtpIdaWBtVqk7dWQBtErcgVSjQHlV+huOYpBEVmnCs1MB1Eu1lWGpGOJ3bw1TRBJMpDunAUIEjqrxsceocXRlljIJYmic0Wqh/OzIcKTWLfFMZYT1R614u/ucNUh3cehkTSaqpIMtFQcqRjlH+bzRmkhLNZ4ZgIpm5FZEJlphok87Klny2VIGa27bJxl1PYpN0G3XXqbv3jWqzVaRUhgu4hGtw4QaacAdt6ACBEF7gFd6sZ+vd+rA+l6Ulq+g5hxVYX7+v8Za5</latexit>

Graph of a simple example 
of transcriptional regulation

dM

dt
= ⌧(t)� �M(t)

<latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit><latexit sha1_base64="WdQrmoi7iIDBHccHoiG9J72sFPY="></latexit>

where some of the models used for transcription are

⌧(t) = ↵0 + ↵1P�1(t) + ↵2P�2(t) + . . .
<latexit sha1_base64="QS2GbkCUwbS8zCrX94ioiDWB7Y8="></latexit><latexit sha1_base64="QS2GbkCUwbS8zCrX94ioiDWB7Y8="></latexit><latexit sha1_base64="QS2GbkCUwbS8zCrX94ioiDWB7Y8="></latexit><latexit sha1_base64="QS2GbkCUwbS8zCrX94ioiDWB7Y8="></latexit>

⌧(t) = ↵0 + ↵1f1(P�1(t), ✓1) + ↵2f2(P�2 , ✓2)(t) + . . .
<latexit sha1_base64="BODO3VBAwyQXmTozsbRN/dIFECs="></latexit><latexit sha1_base64="BODO3VBAwyQXmTozsbRN/dIFECs="></latexit><latexit sha1_base64="BODO3VBAwyQXmTozsbRN/dIFECs="></latexit><latexit sha1_base64="BODO3VBAwyQXmTozsbRN/dIFECs="></latexit>

⌧(t) = ↵0 + ↵1P�1(t) + ↵2P�2(t) + ↵12P�1(t)P�2(t) + . . .
<latexit sha1_base64="TY1xpToBbUiq90Ixdzp02BsBthI="></latexit><latexit sha1_base64="TY1xpToBbUiq90Ixdzp02BsBthI="></latexit><latexit sha1_base64="TY1xpToBbUiq90Ixdzp02BsBthI="></latexit><latexit sha1_base64="TY1xpToBbUiq90Ixdzp02BsBthI="></latexit>

⌧(t): transcription (birth) rate
<latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit>

�: degradation (decay) rate
<latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit><latexit sha1_base64="e3WKaDXn4BpV0llbh01+bZuKbiM=">AAACInicbVDLSgNBEJyN7/iKevQyJBHiJex6UTwJXjxGMBpIQuid7U2GzD6Y6RVCyN0P8exVv8GbeBL8Af/CyeNgEgsaiqru6enyUyUNue6Xk1tZXVvf2NzKb+/s7u0XDg7vTZJpgXWRqEQ3fDCoZIx1kqSwkWqEyFf44Pevx/7DI2ojk/iOBim2I+jGMpQCyEqdQrHcClARlC95gF0NwUTnlQAFDE65BsJOoeRW3Qn4MvFmpMRmqHUKP60gEVmEMQkFxjQ9N6X2EDRJoXCUb2UGUxB96GLT0hgiNO3h5JYRP7FKwMNE24qJT9S/E0OIjBlEvu2MgHpm0RuL/3nNjMKL9lDGaUYYi+miMFOcEj4OhgdSoyA1sASElvavXPRAgyAb39yW8dvahGaUz9tsvMUklsn9WdVzq97tWenqepbSJjtmRVZhHjtnV+yG1VidCfbEXtgre3OenXfnw/mctuac2cwRm4Pz/QtEjKM+</latexit>

Giorgos Minas, Inferring transcription regulation logic using the TRS model 



TRANSCRIPTION REGULATION MODELLING

�1
<latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit><latexit sha1_base64="0bMhU0XrOE0sLoQQKMupueWkeIs=">AAACGHicbVDLSsNAFJ3UV42vqBvBzWAruCpJN7qSghuXFewDmhAm00kzdPJgZqKUED/EtVv9Bnfi1p2f4F84SbOwrQcGDufce89wvIRRIU3zW6utrW9sbtW39Z3dvf0D4/CoL+KUY9LDMYv50EOCMBqRnqSSkWHCCQo9Rgbe9KbwBw+ECxpH93KWECdEk4j6FCOpJNc4yezySPYYUEly2LSTgLpWM3eNhtkyS8BVYlWkASp0XePHHsc4DUkkMUNCjCwzkU6GuKSYkVy3U0EShKdoQkaKRigkwsnK8ByeK2UM/ZirF0lYqn83MhQKMQs9NRkiGYhlrxD/80ap9K+cjEZJKkmE50F+yqCMYVEHHFNOsGQzRRDmVP0V4gBxhKUqbSGluM2FL3JdV91Yy02skn67ZZkt667d6FxXLdXBKTgDF8ACl6ADbkEX9AAGT+AFvII37Vl71z60z/loTat2jsECtK9fNCegKQ==</latexit>

where, some of the models used for transcription are

dM (k)

dt
= ⌧ (k)(t)� �M (k)(t)

<latexit sha1_base64="I9tlZLKV+gxlZ7zS8JKNiox5HTg="></latexit><latexit sha1_base64="I9tlZLKV+gxlZ7zS8JKNiox5HTg="></latexit><latexit sha1_base64="I9tlZLKV+gxlZ7zS8JKNiox5HTg="></latexit><latexit sha1_base64="I9tlZLKV+gxlZ7zS8JKNiox5HTg="></latexit>

⌧ (k)(t) = ↵(k)
0 + ↵(k)

1 P (k)
�1

(t) + ↵(k)
2 P (k)

�2
(t) + . . .

<latexit sha1_base64="9PA5rJ47W6+lscaOxqxxQPW9jH4="></latexit><latexit sha1_base64="9PA5rJ47W6+lscaOxqxxQPW9jH4="></latexit><latexit sha1_base64="9PA5rJ47W6+lscaOxqxxQPW9jH4="></latexit><latexit sha1_base64="9PA5rJ47W6+lscaOxqxxQPW9jH4="></latexit>

⌧ (k)(t) = ↵(k)
0 + ↵(k)

1 P (k)
�1

(t) + ↵(k)
2 P (k)

�2
(t) + ↵(k)

12 P (k)
�1

(t)P (k)
�2

(t) + . . .
<latexit sha1_base64="tQorN0+UWC3LlfUJDBVdBiwjetg="></latexit><latexit sha1_base64="tQorN0+UWC3LlfUJDBVdBiwjetg="></latexit><latexit sha1_base64="tQorN0+UWC3LlfUJDBVdBiwjetg="></latexit><latexit sha1_base64="tQorN0+UWC3LlfUJDBVdBiwjetg="></latexit>

⌧ (k)(t) = ↵(k)
0 + ↵(k)

1 f (k)
1 (P (k)

�1
(t), ✓(k)1 ) + ↵(k)

2 f (k)
2 (P (k)

�2
, ✓2)(t) + . . .

<latexit sha1_base64="polyQGmSvUouyI8uiAJMAljUO1g="></latexit><latexit sha1_base64="polyQGmSvUouyI8uiAJMAljUO1g="></latexit><latexit sha1_base64="polyQGmSvUouyI8uiAJMAljUO1g="></latexit><latexit sha1_base64="polyQGmSvUouyI8uiAJMAljUO1g="></latexit>

k=1,2,…,K 
(experiment)

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

R+
<latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit><latexit sha1_base64="PnD/97RrHfK8sfktIU3hdpWXCpg=">AAACDHicbVDLSsNAFL3xWeOr6tLNYCsIQkm60WXRjcsq9gFtWibTSTt0MgkzE6GE/oJrt/oN7sSt/+An+BdO2ixs64GBwzn3zj0cP+ZMacf5ttbWNza3tgs79u7e/sFh8ei4qaJEEtogEY9k28eKciZoQzPNaTuWFIc+py1/fJv5rScqFYvEo57E1AvxULCAEayN1Ct3Q6xHvp8+THuX5X6x5FScGdAqcXNSghz1fvGnO4hIElKhCcdKdVwn1l6KpWaE06ndTRSNMRnjIe0YKnBIlZfOUk/RuVEGKIikeUKjmfp3I8WhUpPQN5NZSLXsZeJ/XifRwbWXMhEnmgoyPxQkHOkIZRWgAZOUaD4xBBPJTFZERlhiok1RC1eyv6UK1NS2TTfuchOrpFmtuE7Fva+Wajd5SwU4hTO4ABeuoAZ3UIcGEJDwAq/wZj1b79aH9TkfXbPynRNYgPX1CyqJm1w=</latexit>

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

⌧(t): transcription (birth) rate
<latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit><latexit sha1_base64="pEBhtRj3FJFSRvm3jkUIhkjdZho=">AAACJXicbZDLSgMxFIYzXut4G3XpJlgL7abMdKO4KnTjsoJVoS3lTJppQzOZITkjlNIn8EFcu9VncCeCK9e+hZk6C28HAj//f05O8oWpFAZ9/81ZWl5ZXVsvbbibW9s7u97e/pVJMs14hyUy0TchGC6F4h0UKPlNqjnEoeTX4aSV59e3XBuRqEucprwfw0iJSDBAaw28ynEPIati7fiMogZlmBZpHtFqKDSOa1QD8oFX9uv+ouhfERSiTIpqD7yP3jBhWcwVMgnGdAM/xf4MNAom+dztZYanwCYw4l0rFcTc9GeL78xpxTpDGiXaHoV04X6fmEFszDQObWcMODa/s9z8L+tmGJ32Z0KlGXLFvhZFmaSY0JwNHQrNGcqpFWA52LdSNgYNDC3BH1vyu7WJzNx1LZvgN4m/4qpRD/x6cNEoN1sFpRI5JEekSgJyQprknLRJhzByRx7II3ly7p1n58V5/WpdcoqZA/KjnPdPr1+kgg==</latexit>
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Graph of a simple example 
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•The mRNA expression of the target gene 

TRANSCRIPTION REGULATION SWITCH (TRS) MODEL

where the transcription rate 

si•The switches     occur when one of 
regulators                             crosses its 
threshold       . 

•The    -rates are forced to be the same in 
time-intervals where all regulators are 
at the same activation state
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dM (k)

dt
= ⌧(t)� �M (k)(t)
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•The mRNA expression of the target gene 

TRANSCRIPTION REGULATION SWITCH (TRS) MODEL

dM

dt
= ⌧(t)� �M(t)

where the transcription rate 

Biological assumption 1: 
transcriptional switches are 
caused by large changes in 

the TF’s levels

si•The switches     occur when one of 
regulators                             
crosses its        threshold. 

•The    -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
•The mRNA expression of the target gene 

dM

dt
= ⌧(t)� �M(t)

where the transcription rate 
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Biological assumption 2:  
The gene network is always 
the same. Different parts of 

the network may be active in 
different times & conditions.

si•The switches     occur when one of 
regulators                             crosses its 
threshold       . 

•The    -rates are forced to be the same 
in time-intervals where all regulators 
are at the same activation state.
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The TRS model targets 
biologically interpretable 

descriptions of gene 
regulation
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•The switches     occur when one of 
regulators                             crosses its 
threshold       . 

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

•The mRNA expression of the target gene 
dM

dt
= ⌧(t)� �M(t)

⌧(t) =

8
>>>><

>>>>:

⌧0, t 2 [0, s1],

⌧1, t 2 [s1, s2],
...

⌧k, t 2 [sk, sk+1]

si

where the transcription rate 

⇢�i

⌧

INFERENCE FOR THE TRS MODEL
➤ The model extends to multiple 

experimental conditions

➤ The parameter vector includes  
➤ number of regulators  
➤ identity of regulators 
➤ their activation threshold 
➤ and the    -rates  

which imply the regulation mechanism 
⌧

Yj(t) = Mj(t) + ✏j(t)

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

�1,�2, . . . ,�n
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➤ The parameter vector includes  
➤ number of regulators  
➤ identity of regulators 
➤ their activation threshold 
➤ and the   -rates  

which imply the regulation mechanism  
➤ We use a trans-dimensional 

RJMCMC algorithm to infer the 
parameters

Yj(t) = Mj(t) + ✏j(t)

j = 1, 2, . . . , J (experiment)
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APPLICATION OF TRS TO A. THALIANA MICROARRAY DATA 

• Microarray (time-series) data:  
➤ Three experimental conditions 
➤ Four replicates 
➤ Twenty candidate regulators
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APPLICATION OF TRS TO A. THALIANA MICROARRAY DATA 
➤ TRS can infer the parameters and 

unravel biologically interpretable 
mechanisms that are consistent 
across multiple experiments.  

➤ Good balance between model 
interpretability and model 
identifiability 

➤ Output: posterior probabilities for all 
possible regulation models 

Diagram of the a posteriori most likely 
regulation mechanisms
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unravel biologically interpretable 
mechanisms that are consistent 
across multiple experiments.  

➤ Good balance between model 
interpretability and model 
identifiability 

➤ Output: posterior probabilities for all 
possible regulation models 

TRS software: 
implemented in MATLAB available at  
https://github.com/giorgosminas/TRS
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TRS Method published in: 
Inferring transcriptional logic from multiple 
dynamic experiments,  
Minas G, Jenkins D, Rand D, Finkenstadt B  
Bioinformatics, 33, 21 (2017) 
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https://github.com/giorgosminas/TRS


Data Driven Approaches

Clustering

Hypothesis-driven approaches
Mechanistic models

Reaction Networks

ODEs

Information Theory

ABC

Bifurcation theory
Correlation networks

PCA

Multiple testing
Penalized Likelihoods

Bayesian Networks

Gaussian Processes
Boolean networks

more data

more knowledge

SDEs

Markov processes

PDEs

MCMC

Catastrophe theory

more complex models
more simple models

regression models

INSTEAD OF SUMMARY
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