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Questions 

• What is an optimum foraging strategy? 

• How is this strategy encoded? 

• How is this strategy implemented? 
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Questions 

• What is an optimum foraging strategy? 

• How is this strategy encoded? 

– Neuromodulators acting extra-synaptically 

• How is this strategy implemented? 
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Optogenetics for different signaling modalities 

Cation 
Channelrhodopsin 

Anion 
Channelrhodopsin 

+ 
+ 

+ + + 
+ + 

+ 
+ + 

Cl- 

Cl- 
Cl- 

Cl- 
Cl- 

Cl- 

Cl- Cl- 

BlaC 
(Dense core 

 vesicle release) 

ATP cAMP 

DCV 

DCV 
DCV 

DCV 

* 

CRY2PHR 

IGFR 

optoIGFR &  
optoTGFR 

(RTK activation) 





Web Architecture Reflects Behavioral 
Architecture 

• Geometric Structure. 
• Genetically Encoded 

Behavior. 
• Requires path 

integration. 
• Performs error 

correction during 
construction 

• Behavior that is 
performed multiple 
times in the lifetime of 
the organism 



Jason E. Bond,  Nicole L. Garrison,  Chris A. Hamilton,  Rebecca L. Godwin,  Marshal Hedin,  Ingi Agnarsson 
 Phylogenomics Resolves a Spider Backbone Phylogeny and Rejects a Prevailing Paradigm for Orb Web Evolution 

Current Biology, Volume 24, Issue 15, 2014, 1765–1771 
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Common Behavioral Strategy 

1. Proto-web (red) 
2. Radii (yellow) 
3. Auxiliary Spiral 

(white) 
4. Sticky Spiral (blue) 
5. Eat hub and wait 

 

Samuel Zschokke 
U. Basel, Switzerland 

Cyclosa insulana Araneus diadematus 

Argiope bruennichi Zilla diodia 



Common Behavioral Strategy 
Proto-web (red) 
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Pharmacological Perturbation 

• Effect of drugs 
on web design 
investigated. 
(P.N. Witt, 1949) 

 



Types of web constructed by the orb-weaving spider Cyclosa argenteoalba.  

Keizo Takasuka et al. J Exp Biol 2015;218:2326-2332 

Pharmacological Perturbation 
(Neuromodulatory) 
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Overview of the data analysis pipeline.  

Gordon J. Berman et al. J. R. Soc. Interface 

2014;11:20140672 

©2014 by The Royal Society 



Uloborus diversus 

• Small (4-5 mm). 
• Short generation 

time (~1 month). 
• Prefers arid, 

temperate 
environments. 

• Readily builds webs 
in laboratory 
conditions. 

• Lacks venom glands 
– Neural ganglia are 

accessible. 
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Genetics: So Far 

• Illumina library & de novo genome 
assembly. 
– ~1.7 Gb 

• Illumina cDNA sequencing. 

– 121,360 transcripts identified. 

– 30,752 ORFs predicted. 

 



Genetics: Perturbation 

• Target neuropeptides and GPCRs for 
expression knock-down with RNAi and 
CRISPR-Cas9. 

• Introduce transgenics (e.g. GCaMP). 
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