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Learn how to think about biology as an engineer: design gene circuits, logic motifs and regulatory
networks, then prototype and analyse them in silico. This module covers synthetic biology design
principles, common circuit patterns, modeling and simulation workflows, and network based
views of control and regulation with practical R, Python and modeling tool usage.

Synthetic Biology Circuit Design & Network
Regulation
Help Desk · WhatsApp

S e s s i o n  I n d e x

Session 1 — Synthetic Biology & Circuit Design Foundations Session 2 — Network Motifs, Logic &

Design Patterns Session 3 — Modeling, Simulation & Circuit Regulation Session 4 — Mini Capstone:

Circuit Design & In Silico Prototype

S e s s i o n  1
F e e :  R s  8 8 0 0   Apply Now

Synthetic Biology & Circuit Design Foundations

Synthetic biology design mindset and abstraction levels

p a r t s ,  d e v i c e s  a n d  s y s t e m s  v i e w  p r o m o t e r s ,  R B S  a n d

c o d i n g  r e g i o n s  ( c o n c e p t )  s t a n d a r d i s a t i o n  a n d

m o d u l a r i t y  i d e a s

Circuit design goals and use cases in biology

s w i t c h e s ,  p u l s e s  a n d  o s c i l l a t o r s  ( c o n c e p t )  s e n s i n g

Synthetic Biology Circuit Design & Network Regulation —
Hands-on
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a n d  a c t u a t i o n  l o g i c  m e t a b o l i c  a n d  s i g n a l i n g  c o n t r o l

Toolchain overview for in silico circuit work

d i a g r a m  a n d  m o d e l  e d i t o r s  ( c o n c e p t  v i e w )  S B M L  a n d

r u l e  b a s e d  f o r m a t s  a t  h i g h  l e v e l  R  /  P y t h o n  f o r  d a t a

h a n d l i n g  a n d  p l o t t i n g

S e s s i o n  2
F e e :  R s  1 1 8 0 0   Apply Now

Network Motifs, Logic & Design Patterns

Common synthetic biology network motifs and behaviours

t o g g l e  s w i t c h e s  a n d  b i s t a b l e  c i r c u i t s  r e p r e s s i l a t o r s

a n d  o s c i l l a t o r y  m o t i f s  f e e d f o r w a r d  a n d  f e e d b a c k

l o o p s

Logic implementation with gene and protein regulation (concept)

A N D  /  O R  /  N O T  s t y l e  r e g u l a t o r y  l o g i c  i n p u t

i n t e g r a t i o n  b y  p r o m o t e r s  a n d  o p e r a t o r s  m u l t i  i n p u t

s e n s i n g  i d e a s

Design patterns and specification of simple circuits

f r o m  t r u t h  t a b l e s  t o  c i r c u i t  s k e t c h e s  m a p p i n g  d e s i r e d

b e h a v i o u r  t o  m o t i f s  d o c u m e n t i n g  d e s i g n  a s s u m p t i o n s

a n d  c h o i c e s

S e s s i o n  3
F e e :  R s  1 4 8 0 0   Apply Now

Modeling, Simulation & Circuit Regulation

Formulating simple dynamical models for circuits (concept level)

O D E  s t y l e  r a t e  e q u a t i o n s  a n d  H i l l  t e r m s  a c t i v a t i o n

a n d  r e p r e s s i o n  f u n c t i o n s  t i m e  s c a l e s  a n d  p a r a m e t e r

r o l e s

http://www.nthrys.com
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Simulating circuit behaviour and exploring regimes

t i m e  c o u r s e  s i m u l a t i o n s  o f  m o t i f s  d o s e  r e s p o n s e  a n d

b i f u r c a t i o n  s t y l e  v i e w s  i d e n t i f y i n g  b i s t a b i l i t y  a n d

o s c i l l a t i o n s  q u a l i t a t i v e l y

Network regulation perspectives on circuit design choices

p l a c i n g  c i r c u i t s  i n s i d e  l a r g e r  n e t w o r k s  ( c o n c e p t )

r o b u s t n e s s  a n d  c r o s s  t a l k  c o n s i d e r a t i o n s  c o n t r o l

l e v e r s  a n d  t u n a b l e  p a r a m e t e r s

S e s s i o n  4
F e e :  R s  1 8 8 0 0   Apply Now

Mini Capstone: Circuit Design & In Silico Prototype

Specify a small synthetic circuit for a chosen behaviour

T h e o r y  +  P r a c t i c a l

Build, simulate and refine an in silico prototype design

f r o m  d e s i g n  s k e t c h  t o  m o d e l  i m p l e m e n t a t i o n

p a r a m e t e r  e x p l o r a t i o n  a n d  t u n i n g  i d e a s  s u m m a r i s i n g

b e h a v i o u r  a c r o s s  s c e n a r i o s

Deliverables: design document, model files & simulation

summary

R  o r  P y t h o n  n o t e b o o k  f o r  s i m u l a t i o n s  m o d e l  f i l e  i n  a

s t a n d a r d  f o r m a t  ( c o n c e p t )  P D F / H T M L  c i r c u i t  d e s i g n

a n d  r e s u l t s  r e p o r t

http://www.nthrys.com

