
beSocratic - Activity 9 (Class 11) Model organisms

Organismic size (size associated stresses), 
contraction rates


Graphs indicate difference between a heart 
that contracts ~600 times a minute and on 
that contracts at ~60 times a minute. 


Consider the molecular events (rates at 
which enzymes, channels are activated, 
inactivated and move. 

There can be concerted and 
uncharacterized changes in genetic 
background, physiology and behavior/

We would not expect any simple 
correlation - the systems is already 
complex enough to produce an array of 
cellular behaviors -  gene number and such 
presumably reflect evolution history and 
various selective pressures
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Changes needed (by mutation or human 
engineering): 


1. Generation of transcription factor 
binding sites 


2. Generation of translation start site 
(adequate 5' UTR) 


3. Generation of start codon (usually AUG) 
as well as open reading frame, perhaps as 
short as 10 to 15 amino acids (30 to 45 
nucleotide run). 


Plausible response: 


Assuming that there are other, similar type I 
myosins around (like myo1C) that will take 
over other cellular functions (moving things 
in cells and such), we  might well expect to 
see only left-right defects.  

Plausible response: 


The stretching of the elephant child's nose 
would not be expected to have genetic 
effects, so we might expect the elephant 
child's children would have noses like 
other elephants – however it is possible 
that they might have a greater extend of 
curiosity. 


 of 2 14



Activity 10 ↓ Xenopus

In his studies, he used UV irradiation of the 
animal hemisphere, where the maternal 
pronucleus was located.  This caused 
massive damage to the genomic DNA, 
essentially removing (functionally) from the 
cell.  

Plausible response: 


We can assume that the nuclei of those 
cells were more modified by epigenetic 
factors (chromatin folding, DNA 
modifications, the presence of various 
transcription and associated factors so 
that reversing their effects, back to the 
totipotent state was less likely to occur.   

Plausible response: 


We can presume that modifications of DNA 
and histone proteins, together with the 
presence of various DNA binding proteins, 
including transcription factors and other 
structural proteins could act to favor the 
compact (transcriptionally silent) form of 
chromatin. 


In the same light, other modification and 
the activation/inactivation of other 
transcription factors and structural proteins 
will favor regional unfolding, accessibility, 
and gene expression.
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Inhibiting Dsh would (presumably, 
assuming that Dsh is the only factor 
involved) lead to the activation of of Gsk3b 
and the phosphorylation and proteolytic 
degradation of b-catenin.  


In the absence of cytoplasmic (nucleus) b-
catenin, negatively acting transcription 
factors (like TCF3) will inhibit their target 
genes. 

We would see a peak of nuclear b-catenin 
toward the right hand side of the embryo. 

In the simplest case, we assume that 
expression of the gene encoding b-catenin 
is uniform in the embryo.  Cytoplasmic/
nuclear b-catenin only accumulates in 
regions of the embryo in which GSK3b 
activity is inhibited.  
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Activity 11 - Axis-Zebrafish-Gradient

If we inhibit GSK3 with Li+, we would 
expect the embryo to be dorsalized - so 
that gastrulation would begin early all the 
way around the embryo (and not just on 
the dorsal side, that is the side opposite 
from the sperm entry induce cortical 
rotation. 


Vegetal UV treatment would block rotation, 
leading to the ventralization of the embryo 
- that is, late gastrulation all the way 
around the embryo.   You would likely not 
see nuclear b-catenin.  

We could make two distinct predictions 
depending on what we assume the 
mutation does. The negative Axin mutation 
might lead to the inability of the GSK3/Axin 
complex to be inhibited, so GSK3 activity 
would lead to b-catenin phosphorylation 
(and degradation), so the embryo would be 
ventralized.  Alternatively, the mutation 
could act to inactivate the GSK3 complex, 
leading to b-catenin stabilization and the 
dorsalization of the embryo. 


Assuming that the only effect of the 
mutation is render b-catenin 
unphosphorateable, b-catenin would be 
stabilized, leading to dorsalization 
(activation of target transcription factors)
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A simple model would be that the cell 
death effect depends upon differences 
between b-catenin levels in a cell 
compared to surrounding cells.  


When we inject b-catenin RNA, all of the 
cells in the neighborhood have (similar) 
high levels of b-catenin - so their is no 
death signal generated. 

1.  Ventralization (b-catenin is destabilized 
globally)

2. It is possible that GSK3 is inactive in the 
absence of APC, so that b-catenin is 
stabilized) - dorsalization

3. Genes that should be activated by high 
levels of b-catenin remain inactive, since 
b-catenin does not interact with TCF 
effectively (a more complex, less 
predictable phenotype

4. Genes that should be activated by 
nuclear b-catenin remain inactive, leading 
to ventralization
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There is clearly differences in the 
expression of various genes that either  
1) does not effect the terminal phenotype 
significantly (or is compatible with it),  
2) is modified later in development, 

or 3) perhaps the cells are removed (die) or 
adopt a different fate. 

The earliest cells to appear appear to be 
germline cells (bottom dark grey cells at 
stage 8). 


These cells are set aside early to form the 
ovary/testes.  Reduce the number of cell 
division, and so possibility of mutation and 
such). 


These are dots of one color in regions 
primarily of another.  They may change 
their patterns of gene expression or 
perhaps undergo apoptosis. 

Activity 12
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The level of caudal protein would increase 
in the anterior region of the embryo

Since pumilio works with nanos to inhibit 
hunchback RNA translation / protein levels,  
we would expect the level of hunchback 
protein to increase in the posterior region 
of the embryo.
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We would expect early embryos with 
duplicated posterior regions (leaving 
unclear how the sperm enters, since it 
normally enters through an anterior 
structure. 


Somehow mutations in bicaudal are acting 
to replace anterior determinants (e.g. like 
bicoid) with posterior determinants (e.g. 
like nanos). 

Since HOX expression is zygotic (later than 
maternal), we would expect something like 
the expression of Ubx, AbdA, and AbdB to 
replace the expression of lab, pd, Dfd, Scr 
and Antp.


Which would predict that HOX expression 
would be (mostly or grossly) unaffected 
since dorsal influences dorsal/ventral not 
anterior-posterior patterning.

Since it is based on diffusion gradients of 
RNAs and proteins, we would expect cell 
membranes to block such movements and 
so larval patterning would not occur.


An alternative model would involve 
signaling systems across the membranes, 
which would (of course) be slower (and 
probably incompatible with the Drosophila 
life style). 


Activity 13
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The more chromosomes screened the 
more mutations identified, but as the 
number of chromosomes screened 
increases, more and more of these 
mutations will be in the same genes (and 
may even be the same mutation). 


In your curve, the number of unique loci 
genes will saturate, that is, no longer 
increase in number (plateau) once all 
(most) genes that can be mutated to 
produce a recognizable phenotype have 
been identified.  

Recombination frequency is a function of 
distance between genes / sites of 
sequence variation. 


No (very low) recombination suggests that 
alleles are located near one another - e.g. 
in the same gene. 


We can assume that the gene encodes a 
polypeptide with multiple functional 
domains, so that a functional variant in one 
allele can complement a dysfunctional 
variant in the other (and visa versa). 
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I would suggest that invariant lineage is the 
most important, in that it leads to the 
ability recognize changes in specific cell 
fates 


That said the other traits are also useful. 

We might extract cytoplasm from the 
prospective posterior domain and inject 
into the prospective anterior region of 
another embryo (assuming that could get 
through the egg shell, and that the material 
was cytoplasmic rather than associated 
tightly with the embryonic plasma 
membrane.  


Probably could not move membrane 
associated factors.  

Given what we are shown, and the role of 
Egl-1 inhibition of CED9, without which 
Ced3 will be active and inducing cell 
death, we might predict Egl1 is expressed 
only in certain cells. 


As above, we might expect Ced3 to be 
active everywhere  -  leading to global cell 
death. 

Activity 14 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The expression of lin4 and lin7 leads to the 
degradation of or the inhibition of the 
translation of lin14/lin41 RNA - so their 
expression leads to reduction in 
polypeptide levels.  

We would expect a less effective inhibition, 
the levels of line14 protein would increase 
(or decrease less rapidly as a function of 
lin4 level). 


Since lin4 negatively regulates lin14 which 
negatively regulates FOXO, we would 
expect a lin4 mutation would lead to an 
increase in lin14 and so a decrease  in 
FOXO expression.  
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Part 1:  Egg size reflects the amount of 
nutrients needed to support zygotic 
development until such time that it can 
feed on its own.  


Growth of mammalian zygotes is 
supported early through interactions with 
the mother through the placenta.  No need 
for large stores of nutrients in the egg. 


Zygotic growth is totally dependent on 
establishing the interaction between 
zygote and mother, an interaction based 
on specialized tissues, specifically the 
trophoectoderm and functioning placenta.  
This makes subsequent development 
dependent on these tissues (so they form 
first).  

Because they come from different parts of 
the embryo, and these parts are different in 
terms of maternal / zygotic gene 
expression events (including the dorsal 
rotation), the cell types produced by these 
different blastomeres will be different. 


In the mouse, we expect the cells of the 
(early) inner cell mass to be equivalent, so 
different cells will produce overlapping 
(similar) types of cells.  


As development proceeds, they will begin 
to diverge in terms of the cells they will 
produce, as they themselves differentiated 
(because they come to be in different 
environments, receiving different signals. 

Surface cells will become trophectoerm.


Inhibition of Lat1/2 through binding to free 
surface proteins allows Yap to enter 
nucleus, activate Tead4 and start 
trophectoderm differentiation. 


We might expect that all cells of the 
embryo will become trophectoderm

 


Activity 15 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We would expect that the expression of 
Cdx2 would inhibit Oct3 leading to 
inhibition of the totipotent cell phenotype. 


In general, we would expect that the 
number (percentage of total cells) of 
totipotent / pluripotent cells would 
decrease as development proceeds 
because cells (tissues) are becoming more 
and more specialized.
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