
Decoding Smell:
Neuronal Responses to Odor Mixtures in 
Drosophila Larva Using Calcium Imaging



An Exciting Direction in Neuroscience
● Billions of neurons convert input (stimuli) to output (actions) (Deisseroth, 2011)

● Each neuron behaves straight-forward (Dayan and Abbott, 2001) 

● Connection between brain and computer 
● Combining new fields in science/math and novel techniques to study the brain
● Study circuits

https://www.wired.com/wp-content/uploads/2015/09/optogenetics-story.jpg http://news.mit.edu/sites/mit.edu.newsoffice/files/images/2012/20121017113801-0_0.jpg



Why We Studied the Olfactory System

● Oldest sensory system; genes shared (Axel and Buck, 1991)

● Animals share similar olfactory systems (Ache et al., 2005)

● Shares similar structure to other brain regions (Stevens, 2015)

(Ache et al. 1991)



How are Smells Processed?
● Olfactory receptor neurons (ORNs) detect 

airborne chemicals (odors)
● ORN activity vs. concentration of one odor 

can be modeled by Hill Equation (“Dose-
Response curve”) 
(Gadagkar et al., 2015) 

● Dose-Response curve for changing 
concentrations of multiple odors delivered 
in mixture uncertain

● Natural smells are mixtures of odors (Bjostad et 
al. 1984)

http://www.compoundchem.com/wp-content/uploads/2016/01/Aroma-Chemistry-%E2%80%93-Fresh-Baked-Bread.png

https://en.wikipedia.org/wiki/Hill_equation_(biochemistry)#/media/File:Hill_Curves_for_In
creasing_Hill_Coefficients.jpg



Previous Research
● Inconclusive results

○ Problem thought to be competitive 
inhibition (Marasco et al., 2016)

● Problems we see: 
○ Type of odor delivery (air vs water) 

(Andersson et al., 2012)

○ Non-synaptic inhibition (Su et al., 2015) 

https://upload.wikimedia.org/wikipedia/commons/f/fb/Comp_inhib.sv
g

(Marasco et al., 2016)



Research Goals
1. Collect dose-response data of pure (single) odors and fit them to single-odor 

Hill Equation (Methods)
2. Collect dose-response data of a mixture of two odors
3. See if parameters from single odor dose-responses, when plugged into the 

mixture Hill Equation, can predict results from the mixture experiments

Rationale:
● Improved odor delivery
● Eliminate non-synaptic inhibition
● Existing data on Drosophila larva ORNs (Vosshall et al., 2000; Berck et al., 2016) 



Methods: Fruit Fly Crossing
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Methods: Odor Delivery System



Methods: Calcium Imaging While Delivering Odors

Imaging Software Odor Delivery Software



Methods: Analysis

Tracking Neuron/Calculating Activity Response vs. Time 
Plots



Results
Neuron Or13a

(Odors 3-octanol and 6-m-5-h-2-ol)
Neuron Or42a

(Odors 3-pentanol and 4-h-3-one)

Single-Odor Curve Fitting (A,B) to Develop Prediction of Mixture Dose-Response Curve (C)



Results
Neuron Or13a

(Odors 3-octanol and 6-m-5-h-2-ol)
Neuron Or42a

(Odors 3-pentanol and 4-h-3-one)



Discussion

● Independent Odor-to-Receptor Binding

● Different results compared to previous 

research

● Breaking a complex problem into 

simple pieces

https://image.slidesharecdn.com/thesisdefensetalk-130918194020-
phpapp02/95/shreejoy-tripathy-thesis-defense-talk-68-
638.jpg?cb=1379534378



Future Research

● More data on Or13a and Or42a
● Expand study to more ORNs
● Measure effect of non-synaptic inhibition
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Columbia Science Honors Program (Gr 10-12)
● Fall and Spring semester
● Each semester choose a different STEM topic to study
● Classes every Saturday at Columbia University



Neuroscience Research Prize
● Paper competition for projects related to 

neuroscience
● 15 finalists, 5 winners
● Top 4 students attend the AAN Annual 

Meeting
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