
Cell autonomous



Cell autonomous (receptor) 
and cell non-autonomous
(ligand)



Mosaic Analysis

Generating animals that consist of populations of cells 
of at least two different genotypes.

Determine the function of a gene in specific tissues, even if
homozygotes would be dead by this time in development.

Cell autonomous versus non-cell autonomous

Determine which cells or tissues your gene is required in.



If cells from the brown 
mouse are homozygous 
mutant and mixed with 
cells from the wildtype 
white mouse, a chimeric 
mouse, consisting of  cells 
from both embryos will 
develop. Tissues  that 
never develop from brown 
mouse cells (or that 
develop abnormally) are 
likely to require the  
product of the knocked-out 
gene.

Fusion of mouse embryos gives rise to a chimera/mosaic











Ex unc-x (+) is an extrachromosomal array containing a wildtype
copy of the unc gene, and GFP controlled by a ubiquitous promoter





Loss of heterozygosity for a tumor suppressor through 
mitotic recombination



A dominant condition reverting back to wildtype through mitotic
recombination and loss of heterozygosity 











Insulin as an example. It is produced by cells in the pancreas but  acts 
non-autonomously throughout your body to regulate  glucose uptake. 
Thus, loss of the insulin gene can be rescued by providing the protein 
through other means - like a needle. 



Drosophila eye development





Mutant clone

Analyze ommatidia at the periphery of mutant clone.
These will be mosaic, containing both wild-type (red) 

and mutant (white) cells.





Targeting the location of DNA breaks for recombination 



Drosophila eye development



How do cells in the fly eye develop: an 
invariant lineage, or no lineage restrictions?

R1 R2 R3 R4 R5 R6 R7 R8

Invariant lineage?
Like C. elegans

R1 R2 R3 R4 R5 R6 R7 R8

R3 R1 R4 R7 R6 R8 R4 R5

No lineage restrictions?

And all other 
combinations!



Irradiate white/+ animals and study mosaic eyes.

R1 R2 R3 R4 R5 R6 R7 R8

If invariant lineage,
then lineage relationships will be maintained 

in white clones



R1 R2 R3 R4 R5 R6 R7 R8

R3 R1 R4 R7 R6 R8 R4 R5

If variant, then there will be no lineage relationships 
among cells in clone.

This is what happens!
Cells are specified entirely

By cell interactions.Etc…







FLP recombinase expressed from the eyeless promoter 
results in recombination just in the developing eye.



Cre is a site-specific
recombinase that
acts on loxP sites.
Recombination 
between direct repeats
results in loss of the
target gene.

The above mouse has had
its endogenous copy of the
gene of interest replaced with
one that is flanked
by loxP sites.

Time of gene action
can be determined
by removing gene
at specific time points



Tissue-specific expression of GAL4 can be used to  turn up
(overexpress) or knock down (RNAi) expression of  specific
genes. GFP tells you where expression occurred.



Marking a cell lineage and visualizing a pattern of gene
expression tells you where gal4

is currently expressed

tells you where gal4 was expressed in the past
(what is the fate of this lineage of cells?)



Turning on gene expression in a specific tissue
and visualizing that pattern of expression

The actin promoter (actP)
drives ubiquitous expression

Heat shock promoter used (with heat shock)
to drive transient expression



Coinflip: turning on spots of expression of a gene of interest



Expression of FLP recombinase can stimulate mitotic 
recombination at FRT sites.



Tumor suppressor genes

Cell proliferation

Tumor suppressor genes

Cell death

Tumor suppressor genes can either inhibit 
cell proliferation or promote cell death.



How can we identify mutations in tumor suppressors ?



Expression of FLP recombinase can stimulate mitotic 
recombination at FRT sites.



Mitotic recombination-mediated loss of a tumor suppressor
results in the appearance of tumors. 

Lets use this phenotype, and the fact that we can use the FLP-FRT 
system to carry out mitotic recombination at high frequency, as a 

way of screening for new tumor suppressor genes.






