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From Images to Mechanisms
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From Terminal Cell Fates to Progenitors
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Systematic Perturbation of Development
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Canalized Landscape of 
Cell Lineage Differentiation

• Enriched types:
• Normal fates used by other cells (homeotic 
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What do frequencies mean?



Trajectories of Cell Fate Differentiation
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When is There Room for Random 
Fate Decisions?



“Pure” fate switch genes are rare



Many pathways contribute to fate choice



Integrated Model

http://digital-development.org



Flexibility of Fate Restriction

MS

Ca

ABp

AB

EMS

P4

P3

P2

C

P0

P1

E3 ligase Cell Cycle



Cell Position

Migration

Julia Moore Bao Lab 

2 

 

 
Figure 1 – Lineage tree showing consistently expressing cells of each type.  Cyan – muscle, Green – hypodermis, 

Purple – pharynx, Blue – gut and pharynx, Red – neuron. 

 

To identify expressing cells, we calculated each cell’s average expression level 

throughout its lifetime and grouped them into one distribution.  Since the fate dependent 

transcription factors are not expressed until later in development, all early cells formed a non-

expressing population.  Then the large majority of expressing cells can be identified as outliers 

from the non-expressing distribution.  Several cells were borderline outliers.  We found that 

these cells were either not expressing or began expression during the cell’s life. To differentiate 

between these two types, we examined the cells’ expression over time with a Wilcoxon rank sum 

test to find cells whose expression was increasing.  This method is robust to both the number of 

cells that express GFP and imaging noise that affects the perceived baseline level of expression. 

 To quantify morphogenesis, we examined each cell’s position shortly after birth and 

displacement throughout its life.  We found that for any given cell, the amount of variation in its 

position is consistent, regardless of the stage of development it is in (Figure 2).  In addition to 

examining displacement in Cartesian coordinates we translated it into spherical coordinates, 

which describe a vector with 2 angles and a magnitude.  The angles will allow us to easily 

identify groups of cells that move in the same direction.  We found that the angles of 

displacement are more consistent among cells with larger magnitudes of migration, suggesting 

that important migration paths are more conserved. 

 
Figure 2 – Cell positions averaged over 54 wild type embryos and aligned with principal components.  Ellipses have 

radii of 1 standard deviation in each axis.  All views are dorsal. (A) AB32 stage (B) AB64 stage (C) AB128 stage. 

 

 We have now completed wild type statistical characterization of all three important 

aspects of development: proliferation, differentiation and morphogenesis.  A pipeline is in place 

to translate an image series to a p-value matrix for measurements of each cell.  The next 

challenge is to interpret the complex quantitative phenotypes of RNAi and mutant embryos and 

draw biologically meaningful conclusions. 
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