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RNA interference (RNAi)

RNAi regulates expression of genes

RNAi mediates resistance to pathogens

RNAi is used in experiments to knock-out 
specific genes

first line of viral defence
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RNAi: history
co-suppression in petunias
C. Napoli, C. Lemieux, R. Jorgensen (1990)

C. elegans
S. Guo, K.J. Kemphues (1995)
A. Fire et al. (1998)

siRNA        Hamilton & Baulcombe (1999)
RISC         S.M. Hammond et al. (2000)
Dicer:         E. Bernstein et al. (2001)

C. Cogoni, G. Macino (1992)

quelling in mold N. crassa
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RNAi: history

Craig Mello Andrew Fire

2006 Nobel Prize in Physiology and Medicine:

"for their discovery of RNA interference - gene 
silencing by double-stranded RNA"
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RNAi: history
RNAi was later discovered in many other species

Trypanosoma brucei

but NOT
Trypanosoma cruzi, Leishmania major,
S. cerivisiae,...
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RNAi in plants

Plant viruses - a major problem for agriculture

$60 bn losses worldwide annually
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Modelling assumptions

Mature cells are susceptible to infection and 
can induce RNAi

Infected cells recover through RISC-mediated 
cleavage or RNA-directed DNA methylation

New proliferating cells are immune to infection, 
they cannot express RNAi

Warned cells are mature cells that have 
received RNA silencing signal

Thursday, 4 February 16



Model diagram

G. Neofytou, Y.N. Kyrychko, KB, J. Theor. Biol. 389, 28-39 (2016)
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Model of the plant immune response

S(t) - susceptible cells
I(t) - infected cells
W(t) - warned cells
τ1 - maturation delay
τ2 - silencing propagation delay

G. Neofytou, Y.N. Kyrychko, KB, J. Theor. Biol. 389, 28-39 (2016)
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Model of the plant immune response
The model is well-posed

Trivial steady state E0=(0,0,0) always unstable
characteristic equation:

two stable eigenvalues plus

always a positive real root
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Steady states
Disease-free steady state
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Feasible when

Steady states
Endemic steady state E2=(S*,I*,W*)

where

Cmin=min(C), Cmax=max(C) 
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Stability of E2 
Trivial maturityτ1 =0

Characteristic equation

where
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Stability of E2 
Whenτ2=0, Routh-Hurwitz conditions for 

stability

Forτ2>0, Hopf frequency is a root of

Critical time delay
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Stability of E2 
Whenτ2=0, the characteristic equation for 

stability takes the form

Whenτ1=τ2=τ , the characteristic equation 

for stability takes the form

It does not prove possible to find closed form 
analytical results for the critical time delay
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Parameter values
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Stability chart 

(a) k=1 (b) k=2
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Stability chart 
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Stability chart 
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Numerical simulations

G. Neofytou, Y.N. Kyrychko, KB, J. Theor. Biol. 389, 28-39 (2016)
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Modelling interactions between 
plant viruses
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Two-virus model

G. Neofytou, Y.N. Kyrychko, KB, submitted (2016)
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Rescaled two-virus model
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Steady states
Trivial steady state E0=(0,0,0,0,0,0,0,0)

Disease-free steady state EDF=(1,0,0,0,0,0,0,0)

Two one-virus steady states

Endemic steady state
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Steady states
Introduce basic reproduction numbers

E1 is feasible for R01>1

E2 is feasible for R02>1

Disease-free state is stable for R0<1
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Stability of the steady states

Thursday, 4 February 16



Stability of the steady states
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Stability of the steady states
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Stability of the steady states
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Numerical simulations
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Mechanism of RNA silencing

M.A.C. Groenenboom et al., PLoS Comp. Biol. 1, e21 (2005)
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Mechanism of RNA silencing
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Mechanism of RNA silencing
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Discussion

Spatial propagation of the silencing signal
Explicit dynamics of virus particles 
Details of virus life cycle
Co-evolutionary dynamics

Models provide significant insights and intuition 
into the dynamics of RNAi

Very important role is played by time delays
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Applications: medical treatments

Immunotherapy of cancer

Infectious diseases: HIV, HBV  ....      Zika?

Macular degeneration
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Applications: biotechnology

Food industry

Cell biology
knock-out of specific genes

decreased carcinogens in tobacco plants
insecticides
transgenic plants

gene silencing reduces 
expression of 

polyphenol oxidase

Arctic
Apple
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Thank you !
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