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Important Information
● Midterm 1

○ Format: Multiple choice + short answer
○ Midterm 1 is on Tuesday April 30th (Week 5)

• Review session during lecture on Thursday 
• Bring your questions!

● Extra Credit
○ EC quizzes are based on assigned readings

• Taken on TritonEd 
• Next week’s EC quiz is the DAY 

AFTER your midterm!



Last Week’s Topics
● Lecture 5 | Dr. Mukamel: Brain Cell Diversity and 

Epigenetics 

● Lecture 6 | Dr. Rangel: Neuronal Regeneration 



Lecture 5 | Review Questions (1 of 5)

1. How do cell types within the CNS differ?

2. What is epigenetics?

a. How do cells become distinct despite having the same genome? 

b. What are histones?

3. What are the basic levels of organization in the genome?

4. How is epigenetics analogous with grammatical punctuation? What 

is DNA methylation? What is its function? 

Vote!!

Lecture 6



5. How can methylation affect phenotype?

6. Do epigenetics change over time? Or are they permanent? Why?

7. What is shotgun sequencing?

8. How do the levels of CG and non-CG methylation change 

throughout a human’s life and in different cell types?

9. How do epigenetics play into the debate of nature vs. nurture?

10. What are the similarities and differences between neural 

networks and gene networks?

Vote!!Lecture 5 | Review Questions (2 of 5)

Lecture 6



Lecture 6 | Review Questions (3 of 5)
11. Is the number of neurons in our brain constant over lifetime?

a. What is an estimate of the number of neurons in adult brain? 
b. What events can cause a change in the number of neurons?

12. What are the two main neurogenic regions in human brain?

13. What are the stages of new neuron development?

c. What happens at each stage?

14. How can we quantify neuron proliferation and survival? 
(doublecortin and BrdU)

Vote!!

#
#


15. What are some factors that can affect the proliferation/survival 
rate of neurons?

a. Does increased in neuron proliferation also mean 
increased in neuron survival? 

16. What are the major functions of the hippocampus and dentate 
gyrus ?

17. What is a hypothesized function of adult-born cells in the 
hippocampus?

b. How do the experiments described in lecture support this 
hypothesis?

Vote!!Lecture 6 | Review Questions (4 of 5)



Reading | Review Questions (5 of 5)
18. What are some negative effects of genetic mutations?

19. What does the field of epigenetics concentrate on?

20. How did experimenters make the parent mice afraid of certain 

smells? What effects does this have on the parent mice and their 

offspring?

21. What can be said about famine and disease?

22. Give examples of epigenetic changes and how they affect risk of 

disease (e.g. during the famine).

Vote!!

Lecture 6

#


Lecture 5
Brain Cell Diversity and Epigenetics

Dr. Mukamel



1. How do cell types within the CNS differ?

All Ques.

Categories of Differences: 
● Location (area, layer)
● Connection (inputs / outputs) 
● Electrical / chemical responses 

○ Excitatory or inhibitory? 
● Morphology



2. What is epigenetics? 

All Ques.

All Ques.

Epigenetics ⇒ "above" or "on top 
of" genetics (prefix “epi”) 

○ External modifications to DNA 
⇒ can turn genes "ON" or 
"OFF" 

○ Affect how cells "read" genes 
(doesn’t change actual 
sequence)



2.a/b How do cells become distinct despite having 
the same genome? What are histones?

All Ques.

● Distinctive cells ⇒ epigenetic modifications 
to DNA.

● Histones = proteins that package / order 
DNA. 
○ “Spools” around which DNA winds
○ Play a role in gene regulation



3. What are the basic levels of organization in the genome?

All Ques.

DNA 

Histones           

Scaffold proteins (e.g. chromatin)

Chromosome 

Nucleosome



4. How is epigenetics analogous with grammatical punctuation? 
What is DNA methylation and what is its function? 

All Ques.



4. How is epigenetics analogous with grammatical punctuation? 
What is DNA methylation and what is its function? 

All Ques.



5. How can methylation affect phenotype?

All Ques.



5. How can methylation affect phenotype?

All Ques.



6. Do epigenetics change over time? Or are they 
permanent? Why?

● Chemical modifications ⇒ 
alterations in gene expression
○ These are heritable

● Examples:
○ DNA methylation
○ Histone acetylation

All Ques.



7. What is shotgun sequencing?

All Ques.

Measures the “DNA methylation 
landscape”
⇒ Way to study large, complex gene 
networks

1. Cut DNA into tiny fragments
2. Clone fragments
3. Use computational algorithm to 

reassemble sequence based on 
overlapping fragments



8. How do the levels of CG and non-CG methylation change 
throughout a human’s life and in different cell types?

All Ques.

CG 
methylation non-CG methylation 

Highly methylated in all cell 
types

Generally unmethylated 
after differentiation

Stable & heritable Substantial in (mature) 
neurons

Key roles in imprinting, 
X-inactivation, transcription 
repression & cancer

↑↑ during yrs 0-16 (w/ 
synaptogenesis & pruning



All Ques.

8. How do the levels of CG and non-CG methylation change 
throughout a human’s life and in different cell types?



9. How do epigenetics play into the debate of nature 
vs. nurture?  

All Ques.

Power of environment to affect methylation 
⇒ e.g. maternal care & effects on stress 
resilience

Methylation patterns are strongly conserved 
between individuals 



10. What are the similarities and differences 
between neural networks and gene networks?

All Ques.

#
#


Lecture 6
Neuronal Regeneration

Dr. Rangel



11. Is the number of neurons in our brain constant over 
lifetime? 

All Ques.

Neurons in the Brain:
Roughly 80-120 billion neurons (estimate)

# neurons ⇒ constantly changing

There can be:
● Loss 
● Gain 

Can you give examples that might result in both? 



12. What are the two main neurogenic regions in human 
brain?

All Ques.

Two Main Neurogenic Regions:

NOTE: the dentate gyrus is a sub-region of the hippocampus



13. What are the stages of new neuron development? 
What happens at each stage?

All Ques.

Proliferation

Differentiation

Survival



14. How can we quantify neuron proliferation and survival? 
(Doublecortin (DCX) and BrdU)

All Ques.

Measuring proliferation
● BrdU = thymidine analog 

incorporated into DNA of dividing 
cells during S-phase

● How many cells are dividing / or 
immature at time of measurement? 

Measuring survival
● DCX = doublecortin (MAP expressed 

in first 2-3 weeks)
● How many newborn cells survive? 



15. What are some factors that can affect the 
proliferation/survival rate of neurons? Does increase in 
neuron proliferation also mean increase in neuron survival? 

All Ques.

Proliferation Survival

Stress ↓ Learning ↑

Physical exercise ↑ Alcohol ↓

Antidepressants ↑ Dietary restriction ↑

Aging ↓ Enriching environments ↑

Seizures ↑

KEY POINT: 
Proliferation ≠ 
survival!



15. a. Does increase in neuron proliferation also mean 
increase in neuron survival? 

All Ques.



16. What are the major functions of the hippocampus 
and dentate gyrus?

All Ques.

Hippocampus
● Critical structure for learning & memory

Dentate gyrus
● Sub-structure of hippocampus
● Important for fine discrimination between similar 

experiences / objects &/or spatial locations



What is 
this 
showing?

17. What is a hypothesized function of young cells in the 
hippocampus? How do the experiments described in lecture 
support this hypothesis?

Recall: hippocampus ~ 
memory

Hypothesis: Activity of 
granule cells ⇒ selective for 
certain experiences (i.e. when 
they were developing)? 

All Ques.



18. What are some negative effects of gene mutations?

All Ques.

Abnormal proteins ⇒ disease 
(e.g. sickle cell anemia)



19. What does the field of epigenetics concentrate on?

All Ques.

Focus on: modifications
Less emphasis on: changes to 
actual code



20. How did experimenters make the parent mice afraid of 
certain smells? What effects does this have on the parent 
mice and their offspring?

All Ques.

● Pair an fruity odor w/ mild 
foot shock ⇒ condition fear
○ Odor ⇒ change to 

organization of neurons 
in olfactory bulb

● F1 generation ⇒ increased 
startle to odor even w/o 
prior exposure!



21. What can be said about famine and disease? (from 
the reading → “Tales of Adversity”)

Dutch Hongerwinter (1940s) & Great 
Chinese Famine (1950s)

⇒ There is a trans-generational 
relationship between food and genes

All 
Ques.



22. Give examples of epigenetic changes and how 
they affect risk of disease. 

 

All Ques.

● Link methylation of IGF2 to 
■ ↓↓ methylation of IGF2 should ↑↑ 

expression of the hormone 

#
#


Quiz Time!

● No talking, signaling, or communicating of any kind.
● Put away your books, notes, computers, phones, etc.
● Pen or pencil is okay (just make sure it’s a black pen and 

you press hard with a pencil).
● Write your name in the “Name” box, write and circle in your 

PID, and sign the academic integrity agreement. 
● Bubble in this section 
● Please have your student ID out when you turn in your 

quiz!



Write and circle 
in your PID

Write down your name here

Bubble in the 
current section

Bubble in the
answers

Sign and 
date here



Describe Principal Components Analysis (PCA). 
What is it? How is it utilized in studies investigating 
gene expression? What are some limitations?

All Ques.



What is tSNE? What are some advantages of 
using this method?

All Ques.

#
#


What is the goal of data imputation in DNA 
sequencing and analysis? 

All Ques.

#
#


What is the significance of the FOXP2 gene, as 
discussed in lecture?

All Ques.

#
#


How do epigenetic marks affect genes? At which 
locations do they occur? Are they permanent?

● Epigenetic marks can 
turn off genes (DNA 
Methylation) or turn 
them off 
(Acetylation)

● They are chemically 
stable and heritable

All Ques.



Are changes observed in offspring socially 
transmitted or inherited? How did researchers 
account for this?

Text 

All Ques.

#
#


Are the memories being passed down fear or 
sensitivity? Why or why not? What role do 
epigenetics play in this process?

Text 

All Ques.

#
#


How does learning enhance survival of new 
neurons in the adult brain? What are the 
limitations of its ability? 

All Ques.

#
#


Know the rationale behind the animal 
experiments introduced in the reading. 
Understand the experiment designs and 
results. 

All Ques.

#
#

