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Synthetic biology comes of age 

“… the real challenge will start when we enter the synthetic 
biology phase of research in our field.  We will then devise 
new control elements and add these new modules to the 
existing genomes or build up wholly new genomes.” 

Szybalski, 1974 

Gibson et al., 2010 Science 329: 52-56 



Within the synthetic genome Mycoplasma mycoides 
there were ‘watermarks’ 

CRAIGVENTER coded as: 
TTAACTAGCTAATGTCGTGCAATTGGAGTAGAGAACACAGAACGATTAACTAGCTAA 
 
 
VENTERINSTITVTE coded as: 
TTAACTAGCTAAGTAGAAAACACCGAACGAATTAATTCTACGATTACCGTGACTGAGTTAACTAGCTAA 
 

“WHAT I CANNOT BUILD, I CANNOT UNDERSTAND.”  
 

– attributed to Richard Feynman 
 
 
 
 

“TO LIVE, TO ERR, TO FALL, TO TRIUMPH, TO RECREATE LIFE OUT OF LIFE.”  
 

– from James Joyce’s 
 



European legislation regarding the use of 
pesticides 

New legislation to replace Directive 91/414 
 

A) New Registration regulation Directive 1107/2009 
B) Sustainable use Directive 2009/128/EC  

 
Came into effect 14 June 2011 

 
Also water framework directive  

 
Priority to be given to non-chemical methods 

Need for alternative nematode 
control methods 

CONTEXT 



Life-cycle disruption 

(a) Hatch and migration 
 •  nematicides 

 • root diffusates 
 • rhizosphere microorganisms 

 
(b) Feeding, maturation and fecundity 

 • nematicides 
 • host plant susceptibility 

 • rhizosphere and endophytic micro-
organisms 

 
(c) Mate finding and reproduction 

 • nematicides 
 • mating disruption 



Biological control perspective 

(Gair et al., 1969) 

Adult females 3 % 

Adult males 5% 

J4 8% 

J3 11% 

J2 roots 25 % 

Eggs 100 % 

 



Suppressive soils 
are usually the  

product of more  
than one  
organism  

 
 
 
 
 
 
 
 
 

Davies et al., 1990 

May June 

July August 

Nematodes Pasteuria Fungi 

Cereal Cyst Nematode decline phenomenon 



Biological control organisms 

1)  Fungal parasites 
  Pochonia chlamydosporia 
  Paecilomyces lilacinus 
  Arthrobotrys oligospora 
  Trichoderma spp. 
 
2) Bacterial parasites 
         Pasteuria penetrans 
  Rhizobacteria 
  Bacillus spp. 
   

Twenty years have elapsed since the [Stirling’s] book was published dedicated to  
biological control of nematodes and to this day a robust commercially successful  
biological control agent for plant-parasitic nematodes is not routinely used.  
 
                                                                        Keith Davies and Yitzak Spiegel (Eds) 2011: 

                                                       Biological Control of Plant –Parasitic Nematodes 



Heuristic approach by which we can 
learn about host parasite 
interactions.. 
 
Synthetic designer plants may be a 
little way off…  but synthetic designer 
bacteria???  
 
 
Mechanisms are key to understanding 
host parasite interactions? 
 
 
I am coming from the perspective of 
biological control 
 
 Agricultural biotechnology:  Gene exchange by 

design Stanton B. Gelvin Nature 433, 583-584 
(10 February 2005) 

Transformation technology: heuristic approach 

http://www.nature.com/nature/journal/v433/n7026/full/433583a.html
http://www.nature.com/nature/journal/v433/n7026/full/433583a.html
http://www.nature.com/nature/journal/v433/n7026/full/433583a.html
http://www.nature.com/nature/journal/v433/n7026/full/433583a.html
http://www.nature.com/nature/journal/v433/n7026/full/433583a.html


Example 1  Pochonia Genetic variation of Pochonia biological control 
isolates ERIC fingerprinting 

Host specific changes in the  
VCP1 protease 

Kerry & Hirsch 2011: In Keith Davies and  
Yitzak Spiegel (Eds) Biological Control of  

Plant –Parasitic Nematodes 



Example 2  Arthrobotrys Changes to fungal transcriptome 

Tunlid and Ahrén2011: In Keith Davies and  
Yitzak Spiegel (Eds) Biological Control of  

Plant –Parasitic Nematodes 

  

Peptides 
“nemin” 
elicitors 

adhesins 
Lectins 

Serine 
proteases Subtilisins 

Toxic metabolites 
(linoleic acid) 



Example 3 Trichoderma 

Sharon, Chet & Spiegel 2011: In Keith Davies & 
Yitzak Spiegel (Eds) Biological Control of  

Plant –Parasitic Nematodes 

Adhesion factors 

Lectin - fucose  
interactions 

Molecular pattern  
recognition receptors 

Induced resistance 

antibiotics 
proteases 

chitinases 

Signalling 
pathways 



Example 4  PGPR 

Lipopolysaccharide 

Adhesion factors 

phytostimulators 

siderophores 

antibiotics 

Plant growth hormones 

Induced systemic resistance 

Lugtenberg and Kamilova 2009 Ann Rev. Microbiol 63 541-556 



Example 5  Pasteuria 

Davies K G 2009, Adv. In Parasitol. 68, 211 - 245 

Velcro – like attachment  

collagen molecules 
lectins 

carbohydrates 

Signalling pathways 

Glycosyl-transferases 

mucins 

Innate immunity 



Nematode SC – plant  
interactions 

Davies and Curtis, 2011, Ann. Rev.Phytopath 49 

Daf-2  

Hormonal - peptides 

TGF-β 

mucins 

signalling 

Innate immunity 

proteases 

Protease inhibitors 



The plasmid has 196 genes  
that code for 195 proteins 

Mycoplasma mycoides 
 minimal genome project  
 
1.8 mega-base genome 
582,970 base pairs = 482 genes 
382 minimal gene set  

Do we need to reinvent the wheel? 

Bacillus subtilis 
 minimal genome project  
 
271 genes minimally 
 
Kobayashi et al., 2003 PNAS 100,  
4678-4683 



Designer biological control agents? 

Lipopolysaccarhide effectors 

Mucin effectors 

Protease enzymes 

Adhesion factors  

Bacteriocins 

Siderophores 

Antifungal agents 

Hormonal peptides chitinases 

Signalling molecules 



Multitrophic Plant-Patho- 
Systems Biology 

‘Top-down’ 
hyperparasites & antagonists 

‘Bottom-up’ 
Plants & Endophytes 

‘Middle-out’ 
Pests, Pathogens  

&  
Parasites 

(Phyloplane – rhizoplane) 

(Shoots – roots) 

Cells Tissues 

Signalling 

Pathways Systems 

Modules 

Adapted from Noble 2002: Nature Reviews 
Molecular Cell Biology 3, 460-463 and  
van der Putten et al, 2008: Advances in  
Agronomy 89, 227-260) 



Can a designer BCA be added into the system to  
develop robust control strategies?  

‘Top-down’ 
hyperparasites & antagonists 

‘Bottom-up’ 
Plants & Endophytes 

(Phyloplane – rhizoplane) 

(Shoots – roots) 

Cells Tissues 

Signalling 

Pathways Systems 

Modules 

Adapted from Noble 2002: Nature Reviews 
Molecular Cell Biology 3, 460-463 and  
van der Putten et al, 2008: Advances in  
Agronomy 89, 227-260) 



From Frankenstein to 
                                  Venterstein? 

“WHAT I CANNOT BUILD, I CANNOT UNDERSTAND.”  
 

– attributed to Richard Feynman 
 
 
 
 

“TO LIVE, TO ERR, TO FALL, TO TRIUMPH, TO 
RECREATE LIFE OUT OF LIFE.”  
 

– from James Joyce’s 
 



If you think this is all a little bit far 
fetch I will quote the Artist and Poet 
William Blake 
 
 
 
 
 
 
 
 
 

What is now proved was 
once only imagin’d  
 

William Blake (1757 – 1828) 

Frontispiece 
Marriage of Heaven and Hell 


