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Week 9 
 
Study questions (from both the textbook and the literature) are at the end. Those marked 
with an asterisk (*, there are a total of 5 this week) are due in discussion section on 
Thursday.  
 
Reading from the textbook: 
 
Chapter 19 in the 6th Edition, Chapter 18 in the 7th Edition (entire chapter)- 
Regulation of Gene Expression in Eukaryotes. Your book discusses the interaction of cis-
regulatory regions of the DNA called enhancers with trans-acting proteins (transcription 
factors) as affecting transcription level, without discussing whether transcription is 
positively or negatively affected by these interactions. The interactions of cis-regulatory 
sequence with transcription factors can both promote or repress gene expression. For our 
purposes here, the cis-regulatory elements that are involved in promoting transcription 
will be called enhancers, and those that are involved in repressing transcription will be 
called silencers. You may also encounter the transcription factors that bind these cis-
regulatory sequences being named in the same convention as in the prokaryotic regulator 
proteins, with those involved in increasing expression called activators, and those 
involved in decreasing expression called repressors. This will all be covered in lecture. 
 
Chapter 20 (p. 558-575) in the 6th edition, Chapter 22 (online, p.WC28-WC40) in the 
7th edition (up to but not including “Genetic changes in the differentiation of vertebrate 
immune cells”): The Genetic Control of Animal Development. We will focus more on 
the role of maternal-effect genes, formation of the anterior-posterior axis, body 
segmentation, and cell differentiation.  
 
 
 
Excerpts from genetics literature: 
 
2. Prabhakar et al. (2008) “Human specific gain of function in a developmental enhancer” 
Science. Read the whole paper, it’s short. Use this blog post as a guide (read first!):  
http://scienceblogs.com/notrocketscience/2008/09/04/did-a-gene-enhancer-humanise-our-
thumbs/  
In this paper, the authors characterize the gene expression pattern driven by one of the 
most rapidly evolving non-coding piece of DNA in humans, which they call HACNS1. 
HACNS1 is an enhancer region, and the 16 substitutions (point mutations) that have 
occurred in this enhancer between human and chimpanzee cause this gene to be 
expressed in the region that will become the thumb in human, but not in chimpanzee. The 
changes in this enhancer may have contributed to the evolution of the uniquely opposable 
human thumb. 
 
 
 
 

http://bcs.wiley.com/he-bcs/Books?action=mininav&bcsId=9908&itemId=1119142288&assetId=411459&resourceId=40440&newwindow=true
http://scienceblogs.com/notrocketscience/2008/09/04/did-a-gene-enhancer-humanise-our-thumbs/
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Study Questions from the textbook: 
Regulation of Gene Expression in Eukaryotes 
6th Edition: Chapter 19- 19.6, 19.7, 19.15, 19.17 
OR 
7th Edition: Chapter 18- 18.6 18.7, 18.15, 18.17 
 
Additional questions on Chapter 19/18 material: 
*1. What is the effect of chromatin state on gene expression? What effect does a) 
chromatin remodeling, b) histone modification (will go over in lecture), and c) DNA 
methylation have on transcription? 
 
2. What factors affect RNA stability? What effect is the stability of mRNA likely to have 
on protein levels? 
 
3. Summarize the RNAi pathway, as pictured in Figure 19.8. What goes into this pathway 
(what is the starting material), and what is the result? How does RNAi ultimately affect 
phenotypes?  
 
*4. The consequences of four deletions from the region upstream of the yeast gene DBM1 
are studied to determine the effect on transcription. The normal rate of transcription, 
determined from study of transcription of genes that do not have upstream deletions, is 
defined as 100%. The location of each deletion and the effects of deletions on DBM1 
transcription are shown below: 

 
a) Which mutation(s) affect an 
enhancer sequence? Explain your 
reasoning. 
b) Which mutations(s) affect a 
silencer sequence? Explain your 
reasoning. 
c) Which mutation(s) affect the 
promoter? Explain your reasoning. 
 

 
 
 
 

transcription 
start 

upstream region 

deleted 
region 

A B C D 

DBM1 gene 

Deletion Transcription (%)
None (control) 100

A 6
B 167
C 52
D < 1
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5. The UG4 gene is expressed in stem tissue and leaf tissue in Arabidopsis thaliana. To 
study mechanism regulating UG4 expression, six small deletions of DNA sequence 
upstream of the transcription start site are made. The locations of the deletions and their 
effect on UG4 expression are shown below: 

 
a) Explain the differential 
effects of deletions B and F 
on expression in the two 
tissues.  
b) Why does deletion D raise 
UG4 expression in leaf tissue 
but not in stem tissue? 
c) Why does deletion E lower 
expression of UG4 in leaf 
tissue but not stem tissue? 
 

 
 
6. A gene expressed in the long muscle of the mouse is identified, and the regulatory 
region upstream of the gene is isolated. Various segments of the upstream sequence are 
fused to a reporter gene, and each fusion is assayed to determine how efficiently it 
transcribes the gene. In the following diagram, the dark bars indicate the upstream 
segments that are present in each of 8 fusion genes. The transcriptional efficiency of each 
fusion is measured compared to the control, which is the full-length upstream region 
fused to the reporter gene. 

a) Identify the upstream 
region (region 1, 2, 3, 4; 
indicated across the 
bottom) that contains the 
enhancer. 
b) Identify the upstream 
region that contains the 
promoter 
c) Speculate about the 
reasons for the different 
transcription rates detected 
in fusions E and G. 
  
 

 

transcription  
start 

upstream region promoter  

deleted 
region 

E D A C B F 

UG4 gene 

Deletion Stem Leaf
None (control) 100 100

A 100 100
B < 1 92
C 100 100
D 100 164
E 98 < 1
F 100 100

Transcription (%)

Fusion    Fused segment    Transcription (%) 
Control          100 
(full-length) 
A             0 
B             7     
C             0 
D             8 
E            54 
F             0   
G            89 

transcription 
start Full-length 

upstream region 
reporter gene 

Fusion 
gene 

region   1        2              3            4 
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Developmental Genetics 
6th Edition: Chapter 20- 20.6*, 20.8, 20.12 
OR 
7th Edition: Chapter 22 (online)- 22.6*, 22.8, 20.12 
 
Additional questions on Chapter 20/22 material: 
1. What is a morphogen? Explain how Bicoid or Nanos, as discussed in the book, fit the 
definition of a morphogen. 
 
2. Given that maternal Bicoid activates the expression of hunchback, what would be the 
phenotypic consequence of adding extra copies of the bicoid gene to the mother, thus 
creating a female fly with three or four copies of the bicoid gene (compared to two in the 
wild-type)? Hint: this was covered in lecture. How would hunchback expression be 
altered? What about the expression of later gap and pair-rule genes? 
 
3. Describe the mutant phenotypes of gap gene, pair-rule gene, and segment-polarity gene 
mutants. 
 
4. Below are two schematic drawings of mutant phenotypes from the 1980 paper by 
Nusslein-Volhard and Wieschaus (Nature, Vol. 287), where they characterized gap, pair-
rule, and segment polarity genes. Which of these genes acts earlier in development? Hint: 
look to your answer of the previous question. How do you know? 

 
On the right (in both A and B) is a 
drawing of the phenotype of a 
homozygous mutant for each gene 
(A, patch; B, knirps). On the left is 
a drawing showing what portion of 
the larva is missing in that mutant 
phenotype.  
 
 

 
*5. Using the figure below, showing how the expression of the pair-rule gene eve stripe 2 
is established by the coordinated activities of maternal and gap genes, answer the 
following questions. NOTE: Remember in lecture when it was mentioned that sometimes 
the same sequence can work both as an enhancer (to promote gene expression) and a 
silencer (to repress gene expression)? This is one of those cases. This cis-regulatory 
region is called an “enhancer module” here, but it can bind both activating and 

©          Nature Publishing Group1980 ©          Nature Publishing Group1980

A B 

http://bcs.wiley.com/he-bcs/Books?action=mininav&bcsId=9908&itemId=1119142288&assetId=411459&resourceId=40440&newwindow=true
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repressing transcription factors. Bicoid and Hunchback are activators of eve stripe 2, 
Giant and Kruppel are repressors. Parasegment is a term used to describe the 14 segments 
or zones of the embryo laid down in the segmentation process.  
A) Using part “B” of the figure below, answer the following questions: Is the DNA 
sequence of the enhancer module different between parasegments? Do the activators and 
repressors present at each parasegment vary?  Why does the gene expression of eve stripe 
2 produced by this enhancer module differ between parasegments?  
 
B) Consider the binding sites for gap proteins and Bicoid in the stripe 2 enhancer module. 
What sites are occupied in parasegments 2, 3, and 4, and how does this result in 
expression or no expression? Use part “C” of the figure as a guide.  
 
C) Explain what you would expect to see happen to the expression pattern of eve stripe 2 
in the parasegments if it is expressed in a Kruppel mutant background. What about a 
giant mutant background? What about a mutant background where both of the activators 
(hunchback and bicoid) are absent? 
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6. The figure below represents the concentrations of activator and repressor transcription 
factors along the anterior-posterior (head to tail) axis in an embryo (see Figure above for 
a more specific example). A) Indicate on this figure (draw a stripe on the graph, or draw a 
line below the X-axis) where the gene these activators and repressors are regulating 
would be expressed. B) What would happen to that expression pattern if repressor 2 was 
knocked out? 

 
 
 
 
 
 

 
7. What is the function of homeotic genes (Hox genes are the homeotic genes we 
discussed in class)?  What phenotypes do mutant homeotic genes produce?  
 
 
Study Questions from the literature: 
Prabhakar et al. (2008): 
*1. The HACNS1 region from all species studied produced expression in the eye, ear, 
and pharyngeal arches, whereas only the human HACNS1 region produced significant 
expression in the limb bud. Explain how gene expression can be turned on or off in a 
particular tissue.  
 
2. A later paper (Sumiyama & Saitou, 2011, MBE) provides evidence that the limb-
specific expression pattern produced by the HACNS1 regulatory region is a loss of a cis-
regulatory element that represses transcription (silencer) rather than a gain of a cis-
regulatory element that promotes transcription (enhancer). Explain how the gain of an 
enhancer and the loss of a silencer can lead to the same expression pattern. 
 

activator 

repressor 1 

repressor 2 

anterior posterior 


