
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



Loss of heterozygosity for a tumor suppressor through 
mitotic recombination



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











Mutant clone marked by loss of GFP. Twin spot has two copies



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.





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…



Targeting the location of DNA breaks for recombination 







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?)



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



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.





A single generation screen for (recessive) tumor suppressors



How are pathways constructed?

1. In a regulatory or switch pathway the upstream gene 
product alters the activity of the downstream target. 
Therefore, the downstream gene is epistatic.

2. In a biosynthetic pathway products of the early steps in the 
pathway are substrates for the later steps. Therefore, the 
upstream gene is  epistatic.

3. In a developmental pathway early events in development 
are required for later events to occur. Therefore, the upstream 
gene is epistatic.

 



In a switch pathway the goal is to 
choose between alternative 

cell fates or states

In a biosynthetic/developmental pathway
the goal is to make a final product

Two kinds of pathways



In a biosynthetic pathway the goal is to make a final product
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Intermediates Genes

Pathway mutations result in the buildup of intermediates



In a biosynthetic/developmental pathway one
sees a buildup of substrates or 

differentiation intermediates 



gonial cells primary spermatid
sperm

mia
aly
can
sa

bam
bgcn

B C

The phenotype of a b; c double mutant is extra gonial cells

In a biosynthetic/metabolic pathway the 
upstream gene is epistatic



In a switch pathway the goal
is to choose between alternative 
cell fates or states



lacI
LAC repressor

lacZ

lacI-

lacZ-

lacI-
; lacZ-

blue
white
white

Xgal

lacI  lacZ

A simple switch: the downstream gene is epistatic











Sex lethal regulates its own splicing such that once its transcription has
been induced (in the female embryo) SXL now promotes only female-
specific splicing of any future SXL protein. 







WT

Vulvaless mutant

Eggs come out of Vulva

There is also a multi-vulva phenotype, which allows egg
laying and has multiple openings to the environment



vulvaless 
phenotype



Constructing an epistasis pathway for the vulva

Vul = Muv =let-23
lin-3
let-60
lin-45

lin-15
lin-1

lin-1 epistatic to let-23
lin-1 epistatic to lin-3
lin-1 epistatic to let-60
lin-1 epistatic to lin-45

let-23 epistatic to lin-15
lin-15 epistatic to lin-3
let-60 epistatic to lin-15
let-45 epistatic to lin-15

lin-3 lin-15
let-60
lin-45
let-23

lin-1 vulval fate

Dominant mutations and epistasis
Epistasis relationships can only be determined between mutations that have different phenotypes. 
Dominant alleles of mutations that have a similar LOF phenotype can be used to determine epistasis
relationships between these genes. 

ras = Let-60 GOF = Muv
lin-45; let-60 GOF = Vul
let-23; let-60 GOF = Muv

let-23 let-60 lin-45



Method 1:  Constitutive mutations:  Gene is on 
regardless of upstream regulation

Bc   =  On
A- Bc   =  On
Bc C-   =  Off

Ordering genes with the same loss-of-function phenotype

Signal A B C

A-  =  B-   =   C-  = off
How to order genes A, B and C?



Method 2:  site of action in cell signaling

R8
boss

R7
sev

R8 R7

Boss acts in R8
Sev   acts in R7

Ordering genes with the same loss-of-function phenotype



Can also use molecular epistasis to order other types of 
regulatory pathways, such as splicing or phosphorylation

Ordering genes with the same loss-of-function phenotype

Method 3:  Molecular epistasis

a- B expression off C expression off
 a regulates b and c
b- A expression on C expression off
 b regulates c, but not a 
c- A expression on  B expression on
 c does not regulate a or b 

 A  B  C
a  b  c



Direct screens for cell death mutants



C. elegans



Worm Genetics

XX

self progeny
 XX

XX x     XO

self progeny
XX

 cross progeny
1/2 XX; 1/2 XO

XX = hermaphrodite
Makes both eggs and sperm;
Is able to self fertilize internally

XO = male
Able to mate with
and fertilize
hermaphrodites



So how do you tell the difference between
self and cross progeny?

Dumpy (dpy-5 I) hermaphrodite   x     wt male
   

self progeny
Dpy hermaphrodite

 cross progeny
1/2 nonDpy hermaphrodite; 1/2 nonDpy male 



Apoptosis plays many important
roles

•Histogenic cell death: up to a half of the neurons normally die 
during development of parts of the brain.

•Phylogenic cell death: the loss of the vertebrate tail during 
human fetal development.

•Morphogenic cell death: the loss of mesenchyme between the 
digit.

•Cancer: damaged precancerous cells are removed by 
programmed cell death

•Programmed cell death in C. elegans: more than 10% of the 
cells produced during development die.



Hallmarks of apoptosis
• Nucleus condensation.
• DNA fragmentation.
• Phagocytosis



C. elegans develops from an invariant lineage



131 cells undergo apoptosis or programmed cell death
in the C. elegans hemaphrodite.

The cell deaths are indicated by Xs in the lineage.



Cell corpses can be observed by Nomarski optics



Cell death mutants defective in different stages

apoptosis engulfment

Newly hatched larvae have no corpses 
because of phagocytosis.



apoptosis
engulfment

X

Disruption of engulfment genes results in 
persistent corpses.

Newly hatched larvae have persistent corpses if there 
is a defect in phagocytosis.



+/+

+/+           m/+

Screen for newly hatched 
larvae with cell corpses

1/4 m/m

EMS

In screens for engulfment mutants Ed Hedgecock identified 
the ced-1 and ced-2 genes. 

Additional screens by the Horvitz lab identified the ced-5, 
ced-6, ced-7, ced-8, ced-10, and ced-12 genes.



The engulfment ced genes function in phagocytosis and 
often cell migration. Regulate cell movement.

phagocytosis                           cell migration



apoptosis engulfmentX

Screens for apoptosis mutants took advantage of the 
persistent corpses in ced-1 mutants.

apoptosis engulfmentX

Engulfment mutant

Engulfment; apoptosis double mutant

X
persistent corpse

no persistent corpse



EMS

ced-1/ced-1

Screen for newly hatched 
larvae lacking cell corpses

1/4 ced-1/ced-1; m/m

ced-1/ced-1               ced-1/ced-1; m/+

Screens for the loss of cell corpses in ced-1 mutants 
identified genes involved in apoptosis.



ced-1/ced-1

ced-1/ced-1; ced-3/ced-3

Arrowheads indicate extra cells

In ced-3(lf), ced-4(lf), ced-9(gf) and egl-1(lf) mutants
all 131 cells that normally die survive.

X    N

N  N

X

Q neuroblast

N    N

N  N

N

Q neuroblast
+/+                ced-3/ced-3



n1950 is a dominant mutation in ced-9

ced-9

nDf40

nDf40/+ wild type
n1950/+ many cells that should die survive

Therefore gain-of-function mutation

Loss of function and gain-of-function alleles of ced-9 
have opposite phenotypes.

ced-9(gf) disrupts apoptosis
ced-9(lf) is recessive lethal

because of widespread cell death



cell death

ced-3     ced-9
ced-9

ced-3

cell death

Models
ced-3

ced-9

cell death
Prediction: ced-3(lf); 
ced-9(lf) intermediate 

phenotype

Prediction: ced-3(lf); 
ced-9(lf) animals 

survive and have no 
apoptosis

Prediction: ced-3(lf); 
ced-9(lf) animals die 
because of extensive 

apoptosis

ced-3 promotes apoptosis
ced-9 inhibits apoptosis



egl-1 ced-9 ced-4 ced-3 cell death

ON OFF ON ON cell death

ONOFF OFF OFF cell survival

Cell death: a switch pathway
The downstream gene is epistatic in double (null) mutants in a switch pathway. This in contrast to the
situation in a biosynthetic pathway, in which the upstream gene is epistatic in terms of the phenotype
produced.



1) Assembly-metabolic pathways are substrate-dependent. An obligate series of sequential steps is required to generate a
final outcome. Each step generates a product that is acted on by the next step in the pathway.

X Y Z

Assembly-metabolic and switch genetic pathways

Cell death signals Dead cell phagocytosis of the dead cell
The dead cell acts as a substrate for the action of genes involved in pahgocytosis. So in an epistasis experiement in which a
mutation that blocks cell death is combined with one that blocks phagocytosis the phenotype is that of the upstream
mutation, which in this case is cell survival.

ON

OFF

cell
death
signal

ced-3 ced-1 engulfmentdeath

alive,
unengulfed

dead,
engulfed

OFF

substrate
present

absent
substrate

deathdead
cell

live
cell

egl-1 ced-9 ced-4

ON OFF ON

ONOFF OFF

ON

Switch regulation pathway Substrate-dependent pathway







ced-4 promotes
ced-3 activity

ced-9 protects,
but only in the
presence of
ced-4.


