
DEVO (MCDB 4650) Activity #1 - Class 2 -  What is a Gene?  2020

Simple linear structure (ds-DNA) with nearby 
promoter(s), and distant enhancers, exons/
introns - regulated by sequence specific DNA 
binding proteins. 


A similar diagram can be made on the other 
strand, in the opposite orientation.   


The positions of genes within a DNA molecule is 
recognized by the binding sites of transcription 
factor.  Experimentally, single cell RNA 
sequencing can reveal the presence of 
transcripts whose sequences can be mapped to 
the genomic (DNA) sequence. 


Gene expression = recruitment of DNA-
dependent, RNA polymerase recruitment and 
RNA synthesis.  Depending on the gene, this 
RNA can be processes (introns removed) and 
translated to generate a polypeptide.  


Alternatively, in some genes the RNA 
synthesized may not be translated, but rather 
processed in various ways and then interact 
with mRNAs, regulating their translation of 
stability. 


Look for the presence of RNAs

Transcription factors must bind, recruit and 
activate RNA polymerase 

The only one that is not epigenetic is changing 
the DNA sequence - that is a mutation (and not 
directly, physiologically reversible. 


Epigenetic modifications will influence the 
accessibility of DNA, as well as the affinity of 
transcription factor binding, and the recruitment 
and activation of RNA polymerase. 
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They are reversible, regulatable, and non-
random.   


Their regulatable nature can be used to control 
the expression of specific genes in specific cell 
types and under specific conditions. 


 

The transcription factors involved in regulating 
specific genes must be able to collide with and 
bind to specific DNA sequences 


If the DNA is wrapped with proteins (and folded 
on itself - there can be no space for proteins, so 
no binding.


You can ask whether proteins of specific site 
can localized to regions of DNA, or you could 
determine whether smaller molecules could 
react with DNA, or whether various transposable 
elements insert in the region.  

It is difficult to predict the behavior of an allele, 
but one simple model would involve an anti-
morphic mutation - such an allele produces a 
gene product (polypeptide) that interacts with 
the wild type gene product and reduces or 
inhibits its activity.    In the way an antimorphic 
allele/gene product can mimic a null (no wild 
type gene product present) and is most likely 
(but not absolutely certain) to produce a 
phenotype! 
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In many genes there are "alternative" sites of 
transcription or "downstream" sites of 
translation initiation.  By disrupting the known 
transcription/ translation start sites, alternative 
sites may become activity - and their activity 
may partially (or totally) rescue the effect of the 
mutation. 

The two strands in a double-stranded DNA 
molecule are antiparallel.  


Although you can justify many choices, my own 
favorite would be B, since binding of 
transcription factors and RNA polymerase to 
one strand, and the movement of RNA 
polymerase on one gene could disrupt the 
binding of transcription factors / polymerase etc 
on the other. 

We would expect that activation of the gene on 
the anti-parallel strand will lead to a reduction of 
the synthesis rate of the gene on the other 
strand.   


Given the balance between synthesis and 
degradation, we expect a decrease in the 
polypeptide encoded by the gene.  
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We might expect less of an effect.  It is even 
possible that the polymerases will pause, and 
allow each to pass by each other. 


Could happen....

Promoters / TF binding sites upstream of the 
first exon (the square end of the arrow icon). 


A mutation in the bottom gene could disrupt 
promoter, as well a splice junction sequence. 

Cut DNA (CRISPR CAS9) or destablize RNA 
(shRNA, etc) - an antibody could bind to an 
inhibit normal function of gene product. 


non-specific effects associated with off-target 
effects (primarily). 

The end! 
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DEVO (MCDB 4650) Activity #2  Class 3 – Stochastic gene 
expression

The third choice - degradation depends upon 
stochastic (random) collisions and subsequent 
degradative (catalytic) events. 


The more  molecules involved in a particular 
processes (e.g. transcription factor proteins 
and the regulation of a particular gene), the 
more predictable the response will be.  But 
within cells, the numbers of molecules are 
necessarily limited, and there are many 
"similar" interactions - for example, a 
transcription factor will be colliding DNA and 
binding with various affinities.  

When the concentration of molecule is 
constant, we can assume that its synthesis 
and degradation rates are equal.  If synthesis is 
inhibited, the effects of degradation will 
become apparent - the level will drop, and the 
rate will reflect the half-life of the molecule.


It is worth remembering that half-life is not an 
inherent quality of molecule, but a reflection of 
degradative processes, so it is regulatable.

We might expect that the level of protein would 
increase, until a new steady state level was 
reached, when synthesis and degradation 
rates are equal (balanced).
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We would expect a smooth decrease, the level 
dropping to 50% at the time determined the 
half life.

We would see random steps down, since the 
degradation any one molecule reflects a 5% 
decrease in concentration. 

The line would be straight running from the 
bottom left to the top right .


The variation (second) between <10 to > 107


It could that the degradative (or synthetic) 
processes are regulated – turned off or turned 
on.  
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No obvious relationship between half-lives - at 
any particularly mRNA half-live, the protein 
half-life can vary dramatically


The smaller the number of mRNAs/proteins in 
a cell, the noisier the responses to various 
stimuli are likely to be. 

Rates of synthesis and degradation. 


The ability to change rapidly will depend on the 
number of molecules present. 

Because the "decision" to express one or the 
other fluorescent protein is stochastic, and has 
no impact on future events - a particular cell 
will be expected to produce all various 
patterns of expression. 
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The small number of repressor mean that the 
operon will be expressed periodically, and 
stochastically.


If the operon activates when lactose is present, 
it will be able to enter and be converted to 
allolactone, which inhibits the repressor, 
allowing for continued operon expression. 

The operon will turn on (briefly) and then off,  
based on whether repressors are bound or not.


If it were transcription factors, their stochastic 
expression would be expected to lead to 
changes in gene expression, that could change 
the system in irreversible ways.
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Developmental systems (as we will see) often 
depend upon responses of cells to signals.  


The expression of multiple receptors and 
response elements stochastically enables cells 
to respond dynamically to a range is possible 
signaling inputs, rather than only very specific 
responses.
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DEVO (MCDB 4650) Activity #3 – Class 4 Signaling gradients

The drawing should include indicates that one cell 
is generating and releasing (or at least expressing 
on its surface) a signaling molecule, while the 
other is expressing on its surface a receptor 
protein for that molecule.  


The binding of signaling molecule to receptor 
leads to an allosteric change in receptor structure, 
and so function, such that changes occur within 
the cell expressing the receptor.  These changes 
can change protein function, most simply, 
changes to the localization of activity of 
transcription factors, leading to changes in gene 
expression and cell behavior. 

The concentration will peak at the origin and 
reflect the rate of signal synthesis and expression 
(secretion).  


The shape of the curve (which decays away from 
the origin in both directions) will be influenced by 
signal molecule size and properties (diffusion rate, 
binding to various molecules in the environment) 
as well as it degradation (half-life) determined by 
various processes.  

the more cells secreting the signal, the higher and 
broader the [signal] will be around the origin.  


"Threshold" effects will depend upon binding 
affinities and processes such as cooperatively 
and the presence of feedback interactions, 
interactions that you may or may not have been 
introduced to in earlier courses. 
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Could be 

Express the receptor (only then can it respond)


Or 


Benefit from the activity (e.g. the secretion of a 
degradative enzyme that enables it to import 
nutrients.


Organisms need to identify (in some way) those 
organisms that fail to cooperate.  Althernatively, 
they can make cheating difficult by linking 
cooperative behavior with an essential function, a 
function if lost leads to death. 

As the signal increases, the level of Y increases 
(with a delay associated with the transcription of 
the gene, and the translation of the mRNA that 
encodes Y.   As Y accumulates it will lead to 
expression of the gene encoding X.   


Both Y and X will accumulate until they reach 
steady state levels at which point synthesis and 
degradation rates are equal.  

As the level of Y increases, it will lead to the 
expression of X.  As X increases, it will increase 
until its concentration is high enough to inhibit the 
expression of X.  It will then, presumably, decline 
due degradation processes.   As it declines, it will 
pass a concentration at which it no longer inhibits 
the expression of the X gene, at which point X will 
increase again (since Y continues to be present). 


This pattern will continue over time, as long as Y 
is present. 
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As before, the increase in Y will lead to an 
increase in X, which as the concentration of X 
increases, will lead to a further increase in X until 
such time that the rate of synthesis of X will be 
matched by the rate of its degradation. 


One unrealistic aspect of the scenario is the 
assumption that Y continues to increase; while 
this might be the case in the short term, 
eventually the level of Y will plateau as the rate of 
its synthesis or activation will be balanced by the 
rate of its degradation (or inactivation).  


The question of thresholds is tricky, but one 
possible mechanism would be that increasing 
signal only leads to Yak activation above a 
threshold if the binding of the regulator of Yak is 
weak, or depends upon multiple sites occupied at 
the same time, a situation that only occurs when 
the concentration of signal is high enough - it 
would be influenced by factors beyond simple 
activator concentration


One YakA is active, PKA will be active, leading to 
synthesis of cAMP and the aggregation (and 
eventual slug formation, migration, and 
differentiation. 
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DEVO (MCDB 4650) Activity 4 Class 5 - Differentiation & Aggregation -

An signaling change would be 
expected to revert when the stimulus 
was removed.  An evolutionary change 
might well be expected to stable, and 
would be expected to be associated 
with changes in the genome - genetic 
changes that alter the expression of 
specific genes. 

By getting larger chorella makes 
predation more difficult.  Sticking 
together is a relatively easy way to 
increase size (in a single step).  


BUT the initial change just might make 
be failure to separate - so that cell 
clusters increase in size, and adopt an 
irregular number of cells/colony 
(presumably colonies fragment 
mechanically).  So over time, we might 
expect first to no change in size, and 
then an increase ...  later, there may be 
the appearance of evolutionary 
adaptations than limit size (and 
increase colony fragmentation). 

The structure of the predator is likely to 
be more difficult to change (not simple).  


It might, in fact, not change at all - what 
might change would be the prey the 
predator prefers.... All depends upon 
the environment.  
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We would expect that [PSF] would 
reflect the concentration of cell – cells 
per volume.  We would have to assume 
that the environment is rich (that is, full 
of food) and that [cells] is increasing 
with time.   


Then [PSF] would increase in parallel to 
[cells].  

We would expect that as the 
concentration of bacterial cells 
decreases (which will be a function of 
nutrients in the environment as well as 
the [dicyt cells], which eat them), there 
would be some threshold at which 
dictyl cells begin to synthesize and 
release cAMP.   

The purpose of sexual reproduction is 
(it is thought) to generate new genetic 
variation - variation based on the 
reshuffling of maternal and paternal 
alleles through the meiotic process of 
chromosome alignment and crossing 
over (recombination).  


New genetic variations in the 
population might be better able to deal 
with a hostile environment. 
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DEVO (MCDB 4650) Activity 5  Class 6 - Asymmetries -

There is a generic internal asymmetry based 
on the common fact that the nucleus is 
asymmetrically located within the cell, with 
the microtubule center (if the cell has a 
microtubule center) in the geometric center of 
the cell.  BUT most cells are within some 
environment that itself may be asymmetric. 

The spindle poles will be define an axis - with 
the nuclei reforming (after cytokinesis) - so 
each daughter cell will have a spindle pole/
centrosome - nuclear axis.

Extrinsic factors (asymmetry of signaling) will 
lead to asymmetries in the cell. 


A horizontal division plane will generate two 
similar cells, while a vertical division plane will 
generate two asymmetric cells (we might 
think). 
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In the cell on the left, there is an asymmetry 
arising from interactions with the substrate, 
creating  front-back and top-bottom axes.


 and in the cell on the right, there is an even 
more dramatic apical-basal (based on 
substrate attachment) and little or no front-
back axis. 

 The most obvious differentiation event would 
be cells on the surface of a colonial organism 
versus those cells that are internal to the 
colony. 
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Q1:  the egg has pre-established 
asymmetry axes (both A-P and D-V).  


The position of sperm entry is pre-
determined.  

The axis would go through the first polar 
body (line from lower left to upper right).  

In mammals, embryonic axes will be 
determined later within the inner cell 
mass, which forms as embryonic cells 
come to find themselves in different 
environments. 

We might expect to see linear tracts, 
indicating that the organism can move in 
a coordinated, directional way.   We might 
then expect that the front end is different 
from the backend  (anterior-posterior 
axis), and perhaps a dorsal-ventral axes 
as well. 


The anterior end might well be specialized 
to respond to the environment in order to 
influence the direction of movement.  
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I would assume A because each daughter 
cell would inherit similar environment, as 
well as a similar set of intracellular 
components.  


In contrast B and especially C generate 
immediately distinct cells, with different 
environments, as well as different cell-cell 
interactions.  The result is likely to be 
differences in signaling systems, 
responses, and patterns of gene 
expression.  

Depending on your geometries (myosin-
actin binding and step size - that is, how 
many actins between binding sites), one 
might expect that a motor that switched 
between back and forth between strands 
might move straight, but one that always 
bound to the same actin strand would 
circle around the microfilament. 

The old strand would be methylated or 
otherwise modified, while the newly 
synthesized strand would not yet be.  


Modification take time, and so will change 
as a function of time from the time of 
synthesis, reaching a plateau level 
(eventually).  
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DEVO (MCDB 4650) Class 8 - Signaling - Activity 7 

A1: parts of two (or more) distinct 
polypeptides, fused together - all retain their 
functionality


A2:  to identify the region of myosin 1D 
molecule responsible for the behavior 
(directionality of movement). 


Q3: they need to retain activity and are 
chiral, retainingly activity implies an ability to 
bind actin.   

We might expect that any signaling pathway 
with feedback interactions will be expected 
to change over time, since the level of 
feedback will be changing as the function of 
time (since they are not on initially).


In this diagram, only Notch does not appear 
to have feedback, but in fact that is not the 
case.  


Essentially all networks involve various 
forms of feedback.

One possible model.  Because the negative 
feedback on Gsc associated with Xbra 
expression (through Xom) involves the 
transcription and translation of two genes/
RNAs, we might reasonably expect that its 
effects could take longer than the effect of 
Gsc on Xbra expression.    So when activin 
in added, perhaps Gsc protein accumulates 
to an effective concentration first (before 
Xbra/Xom) thereby inhibiting Xbra 
expression.  


Of course the system would be effected by 
binding affinity of Gsc and Xbra/Xom for 
their DNA targets, as well as the various 
half-lives of the RNAs and polypeptides 
involved.    
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See previous panel:  


The outcome and your explanation will 
depend on assumptions you make on 
protein binding affinities for DNA regulatory 
sites, RNA and polypeptide lengths, half-
lives, such .... 

An obvious example would be cancer, in 
which a cell escapes regulatory control of 
growth and cell division.  By becoming 
"different" from neighbors, it might trigger 
feedback signaling and induce its apoptotic 
death. 
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DEVO (MCDB 4650) Class 9 - Signaling - Activity 8 

Answer depends upon assumptions.  One 
assumption might be that since positively-
acting TFs are present, both genes will be one 
(stochastically) at a low level, a level too low to 
stably repress the other


Adding inducer 1 will lead to inhibition of 
repression of gene 2, which will lead to 
increased repressor 2 protein, which will 
stabilly repress gene 1.  SO, gene 2 (repressor 
2) will increase and plateau when expression 
and degradation reach steady state.


Once this state is reached, gene two will be 
expressed even if inducer 1 is removed.

Exactly as before, except that gene 1 will be 
expressed and gene 2 will be inhibited. 


Q1: At a high concentration of Zok1, both sites 
will be occupied, but


Q2: at the lower concentration, the TTCAACTT 
site will be occupied, because it contains a 
better match to the concensus. 
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A gene with low affinity SMAD response sites 
will track along with the level of SMAD, 
dropping as nuclear SMAD concentration 
drops (and depending upon the site's binding 
affinity).  


Since the SMAD level does not go to the pre-
activin exposure level, a gene with a high 
affinity SMAD response site will increase 
expression that is likely to stay high (since  
nuclear SMAD concentration does not return 
to baseline level.

The movement of Delta into the cell requires 
the cleavage of the NRR site in Notch.  This 
requires that the NRR site unfolds in response 
to movement of Delta.  


If the NRR site cannot unfold, there will be no 
Notch signaling (since NICD will not be 
released) and Delta will not be endocytosed  - 
or so we predict.  
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