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What is the goal of genetics?

• uncovering of the relationships between genotype 
and phenotype. 

– identification of the genetic variation that underlies phenotypic 
variation (e.g. in human disease)

– understanding HOW a given genetic variant impacts phenotype



Mendel’s rules of inheritance:  segregation

all have yellow phenotype

3:1  ratio of yellow:green

YY yy

Yy Yy Yy Yy

YY Yy Yy yy

A gene Y controls the yellow versus green color.
“Y” and “y” are “alleles” of the same gene

“Y” is dominant over “y”



Mendel’s rules of inheritance: independent assortment
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aa;bb;cc;dd;ee AA;BB;CC;DD;EE

Challenge I: Polygenic inheritance



White Wyandotte HenWhite Leghorn rooster

XAA BB aa bb

F2 ratio of white to colored = 13:3! 

F1= Aa Bb  all progeny are white

Dominance at ‘A’, recessive epistasis of ‘b’
‘A’ dominantly produces colored feathers only in absence of ‘B’

Challenge II: non-linear interaction among gene variants



‘A’ dominantly produces colored feathers only in absence of ‘B’

  AB      Ab       aB        a b

Aa Bb  X    Aa    Bb

F2 ratio of white to colored = 13:3! 

Challenge II: non-linear interaction among gene variants
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Non-linear interaction effects are a double edged sword!
pairwise non-linear gene interaction effects provide mechanistic insight!

Yu et al., 2008, Science, 322p.104



How have geneticists studied non-linear 
interactions?

• suppressor screens

• powerful for uncovering mechanisms of gene action

• vastly under-samples higher-order interactions

• artificially extracts a group of interacting genes from 
a larger network

• does not provide an output amenable to sophisticated 
computational methods.

• selective breeding





How have geneticists studied non-linear 
interactions?

• suppressor screens

• powerful for uncovering mechanisms of gene action

• vastly under-samples higher-order interactions

• artificially extracts a group of interacting genes from a 
larger network

• does not provide an output amenable to sophisticated 
computational methods.

• selective breeding

• samples higher-order interactions

• no mechanistic insights



A new approach to use selective breeding to uncover 
mechanisms of non-linear gene interaction

• novel insight I-- Constrain genetic variability to a set of 23 
informative loci with known impact on the phenotype

– Vastly reduces complexity to an upper limit of 323 possible combinations.

– Provides an opportunity for high throughput genotyping of multiple individuals

– yields a data set that is amenable to sophisticated computational methods

• novel insight II -- Mechanistic Anchor point by using the selective 
breeding to ameliorate the phenotype of a specific gene of interest

– provides a cell biological ‘anchor-point’ that places gene interactions into a 
mechanistic context



TESTING
odor 1 vs. odor 2

The Phenotype:
Pavlovian Olfactory Conditioning Paradigm in Drosophila

Tully and Quinn, 1985

TRAINING

odor 1 odor 2

shock
US(shock)

CS+ odor CS- odor



The mechanistic “anchor point”:
rutabaga-cAMP signaling

Dubnau and Tully, 1998

US 

G-coupled dopamine receptor

G-protein signaling

rutabaga adenylyl cyclase

PKA

dunce PDE

CREB

Long-Term MemoryShort-Term Memory

various targets

CS 

Ca++

Yu et al., 2008, Science, 322p.104



Line          name         defect     %Mem 
D0940 Novichok lrn 34
E0391 Diana lrn 40
A0563 Umnitza mem#1 17
C0015 Barbos-1 mem#1 43
C0113 Rogdai mem#1 28
D0077 Beck-1 mem#1 46
D0177 Toi mem#1 34
D0417 Ruslan mem#1 31
D0753 Rex mem#1 12
E0511      Zolotisty  mem#1 38
E1023 Ch. Khan mem#1 -10
E1654 Chyorny mem#1 24
E1715 Baikal mem#1 28
E1847 Box mem#1 39
E3272 Nord mem#1 47
E3945 Premjera mem#1 -7
E3947 Joy mem#1 24
E4294 Arap mem#1 47
E4299 Zlodey mem#1 38
A0023 Valiet-1 mem#2 57
D0361 Avgust mem#2 51
E0602 Rosa mem#2 63
E3145 Dikar mem#2 53

The Constrained Genetic Variability:
A collection of mutations that also disrupt memory!

• Need to create a starting population 
of animals that are homozygous for 
rutabaga mutation but heterogeneous 
for the other 23 mutants.

• A simple (minded) strategy would be 
to mix 23 strains, each of which is 
mutant for rutabaga and 1/23.
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The Constrained Genetic Variability:



Selective breeding for improved learning over 41 generations

Oct 2006 June 2009



Imputed High Throughput Genotyping
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aj

column: 
Allelic profile of jth locus 
across all conditions
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Columns define a new meta-
allele space
 kth principal component of {aj}
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Genotype of ith fly in meta-genotype space
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Allelic profile of jth locus in meta-allele 
space

meta-genotype: 
kth principal component of {gi} 

kth singular value

Scaling factors for
importance of each 
component 

SVD of genotype data matrix

23 loci

   3454
samples

gi

Genotype of ith fly



V1

V2
w

Projection of original genotypes into meta-genotype space

generation 25



Discrimination vector with alleles sorted by contribution 



  

Discrimination vector with alleles sorted by contribution 



Discrimination vector with alleles sorted by contribution 

control D0077 control E3272 control E3945



Conclusions
 

• Our approach combines the strengths of selective breeding and “suppressor screens” 
to  uncover gene interactions capable of suppressing the learning deficit of rutabaga. 

–Identified 8 alleles predicted to explain the response to selection.
–validated prediction: 3 of 6 tested improve memory of rutabaga mutants.
–provides entry points for mechanistic cell biological investigation

•This data set provides a unique opportunity to investigate the landscape of higher 
order gene interactions.    

–28 di-allele combinations among 8 alleles
–6561 total combinations

• The data output from this approach provides an opportunity to bring computational    
methods to bear on classical but formerly theoretical genetic notions
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