
Biology 1  
Exam 3 
November 2014 

Name ___________________ 

You have 2 hours to answer the exam questions.  

If you find the images in the exam difficult to interpret, please talk with the instructor who will have 
higher quality images available on a computer. 

You may use handwritten or printed notes. 
You may not use any technology without permission of the instructor. 
You may not use the textbook or old exams.  

!  



The Andromeda Strain 
2 points each  

1. Why is Dr. Dutton so surprised that Andromeda has no amino acids?  

2. Based on what you’ve seen in the film, does Andromeda use/follow The Central Dogma?  

3. Towards the end of the film, the scientists say that Andromeda has mutated into a non-lethal form. 
What must be true in order for Andromeda to be in fact considered biologically mutated?  

4. Assuming that your response to 3 is true of Andromeda, why would a biological mutation cause 
Andromeda to be no longer lethal?  

Chromosomes and Genetics  

1. Gametes are produced through which process?  
a. Replication         b. Mitosis         c. Meiosis         d. Nondisjunction  

2. Gametes have ___________ as much genetic material as compared to somatic cells.  
a. just         b. one fourth         c. half         d. twice  

3. Gametes are therefore normally ____________ but can sometimes be _____________ . 
a. diploid, aneuploid       b. aneuploid, diploid        c. monoploid, aneuploid          d. diploid, monoploid 

4. Homologous recombination is important because  
a. it produces new alleles by intermixing existing alleles  
b. meiosis would be completely impossible without it 
c. it produces chromosomes with new combinations of alleles  
d. organisms could otherwise not reproduce at all  

5. An individual who is heterozygous for a genetic disease with autosomal dominant inheritance... 
a. is a carrier but does not express the phenotype  b. has two alleles for the disease 
c. has the disease phenotype      d. has no alleles for the disease 

6. The ability to tolerate stress is a trait that seems shows continuous variation in human 
populations; in a large group of people, the maximum stress level individuals can tolerate varies over 
a wide range. Which pattern of inheritance is most likely accounts for stress tolerance? 
(a) pleiotropic      (b) polygenic      (c) incomplete dominance      (d) codominance 



Problem Solving 
Each response is worth up to 3 points unless otherwise noted.  

1. Everyone always remarks how Turio’s daughter looks much more like his wife Juna. Turio has 
dimples but Juna and his daughter do not. Turio also has wavy hair but his daughter and Juna both 
have curly hair.  

a. Since dimples are a dominant trait that follow Mendelian Inheritance, Turio’s genotype must 
be _____________. Use D and d to represent the dominant and recessive alleles, respectively. 
Briefly explain or show you obtained your answer.  

b. Since straight hair is incompletely dominant over curly hair (with a heterozygous individual 
having wavy hair), Turio’s genotype must be _____________. Use H and h to represent the 
dominant and recessive alleles, respectively. Briefly explain or show how you obtained your 
answer.  

c. Based on what you know about linked genes, chromosomes, Mendel’s Law of Independent 
Assortment, etc., do you think the chances of their child next child having dimples has any 
impact on the chances of that child having curly hair? Explain briefly.  

7. Ferna claims to be Sulor’s sister who ran away from home when Sulor was very young. Sulor is 
skeptical and asks Ferna what her blood type is, hoping to gain some insight from that before talking 
with his parents or resorting to genetic testing.  

Blood Types:  Sulor: AB       Ferna: O       Sulor’s Mother: A       Sulor’s Father: B 

a. What are the possible genotypes for Sulor’s parents?  

b. On the basis of blood type, which follows a codominant pattern of inheritance, is it possible 
that Ferna could be Sulor’s prodigal sibling? Show your reasoning with the appropriate 
Punnett square(s).  



8. Red-green colorblindness is a sex-linked, recessive trait. Tulori and her true love biologically male 
partner Rocur are expecting their first child together. Both have normal vision, but Tulori’s father is 
colorblind.  

a. What are the genotypes of Tulori and Rocur? Explain or show how you figured this out.  

b. An ultrasound shows that their child will be a boy; what are the chances of their son being 
red-green colorblind? Show the Punnett square you used to obtain your answer.  

9. The pedigree below shows the inheritance of the genetic disease cystic fibrosis in a family. The 
circles represent females and squares represent males. Dark coloring indicates that the individual is 
affected by the disease (i.e. has the disease phenotype).  

a. Based on this pedigree, could cystic fibrosis be a dominant 
genetic disease? Explain.  

b. Could it be a sex-linked disease? Explain by redrawing and 
labeling part or all of the pedigree and describing why cystic 
fibrosis could or could not be sex-linked.  

c. Based on your reasoning in parts a and b, what are the 
genotypes of the male and female parents in generation 3? Are they 
carriers? Why or why not?  

a. 

b.  

c.  
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Extra Credit 

In humans, long eyelashes (E) are dominant over short eyelashes (e), and broad noses (N) are 

dominant over thin noses (n). A women who has short eyelashes and a thin nose marries a man who 

is heterozygous for both traits. The genes for these traits are not linked.  

What potential combinations of the alleles for eyelash length and nose width could the mother pass 

on in her gametes? _____________________________________ 

What potential combinations of the alleles for eyelash length and nose width could  

the father pass on in his gametes? _______________________________________ 



The Central Dogma  

1. Number according to size with 1 being the smallest.  

___ nucleotide         ___ codon         ___ gene         ___ chromosome         ___ genome  

Provide a succinct definition for each of the following terms (up to 2 points each). 

2. Gene:  

3. Genome:  

4. Genetic Disease:  

5. Specifically, what does a genetic test tell us about a person at a fundamental level?  
(up to 2 points) 

6. Polymerase Chain Reaction (PCR) is a technology used to amplify DNA, taking a small amount of 
DNA and making many copies of it. Which molecular machine is used in PCR?  
a. the ribosome        b. RNA polymerase        c. DNA polymerase        d. helicase 

7. Put a check mark beside all the following that directly participate in transcription. 
___ tRNA        ___ rRNA        ___ nucleotides        ___ RNA polymerase        ___ amino acids 
___ DNA polymerase        ___ the ribosome        ___ reverse transcriptase  

!  

8. What process is depicted on the left? 
a. translation 
b. replication 
c. transcription 
d. reverse transcription 

9. What is the long molecule to the left 
shown in in orange and yellow? 
a. Protein  
b. RNA 
c. DNA 
d. Polysaccharide  

10. DNA is replicated ___________, meaning that for the resulting double helices ________________.   
a. conservatively, one is the original double helix and one is made of newly synthesized DNA   
b. dispersively, each strand of DNA has segments of original and newly synthesized DNA   
c. semiconservatively, each has one strand of DNA from the original double helix and one newly 

synthesized strand 



11. Supply the names for the processes corresponding to each of the arrows in the diagram below.  
A: _____________________ 

B: _____________________ 

C: _____________________ 

According to Wikipedia (http://en.wikipedia.org/wiki/Cystic_fibrosis#Cause)… 
[Cystic Fibrosis (CF)] is caused by a mutation in the gene cystic fibrosis transmembrane 

conductance regulator (CFTR). The most common mutation, !F508, is a deletion (! signifying 

deletion) of three nucleotides that results in a loss of the amino acid phenylalanine (F) at the 508th 

position on the protein. This mutation accounts for two-thirds (66–70%) of CF cases worldwide and 

90% of cases in the United States; however, there are over 1500 other mutations that can produce CF.  

12. Is the mutation described here a frameshift mutation? Explain. (up to 3 points)  

13. As mentioned in the NOVA episode “Cracking the Code of Life”, Tay-Sachs disease can be 
caused by a single nucleotide change (when comparing the disease-causing allele to the normal 
allele) that results in the inability of a lysosomal enzyme to function properly (even though it is 
comprised of the same number of amino acids as compared to the functioning enzyme). What kind 
of mutation can this be classified as?  
a. silent         b. amplification         c. missense         d. frameshift 

The template strand of the gene YHH starts with the sequence GTTACCCTAGGTCTAAG.  

14. What is the sequence of the corresponding mRNA strand?  
a. GUUACCCUAGGUCUAAG                  b. CAATGGGATCCAGATTC 
c. CAAUGGGAUCCAGAUUC                  d. CAATGGGATCCAGATTC 

15. Give the amino acid sequence of the protein produced from this portion of the template strand of 
DNA (3 points). Show or explain how figured this out for full credit.  

Suppose the template strand undergoes a mutation to the following sequence: 
GTTACCCTAGGACTTAG.  

16. What is the amino acid sequence of the protein produced from the mutated DNA? (3 points) 

17. How can this mutation be characterized? Check all that apply (2 points, no partial credit).  
___ Point      ___ Silent      ___ Deletion      ___ Substitution     ___ Addition 
___ Nonsense         ___ Missense             ___ Frameshift 

http://en.wikipedia.org/wiki/Cystic_fibrosis#Cause


Questions 18 - 21 refer to this news story.  

Glowing Kittens Help In Fight Against AIDS 

Here's an experiment: Turn off your lights, shine a blue flashlight on the cats in the room and look for 
the ones that turn neon green, like a glow stick. 

That's how scientists at the Mayo Clinic identify cats that they've successfully treated against the feline 
immunodeficiency virus. 

The AIDS epidemic in humans is well-known. Less known is that every year, millions of cats suffer 
and die from the disease. 

To protect cats against feline AIDS, the Mayo Clinic and colleagues in Japan devised a treatment with 
a peculiar side effect. They took monkey genes that block HIV infection and injected them into cat 
eggs. Kittens born from those eggs produced AIDS-resistant protein in the same cells that get 
infected, effectively shielding them from the disease. Their offspring are also immune. 

To tell the treated cats from the untreated ones, scientists added another simple ingredient to the mix: 
jellyfish genes, which make the modified cells glow a green color. 

"It allows you to tell whether the gene of interest is in the cell without having to do an invasive test," 
Dr. Eric Poeschla, a molecular biologist with the Mayo Clinic, tells Guy Raz, host of weekends on All 
Things Considered. Scientists simply turn off the lights and shine a blue light to tell which cats have 
the AIDS-resistant gene. 

The cats don't feel a thing, Poeschla says. "They're healthy and happy and they're playful." 

The feline treatment could help other mammals down the line. The Mayo team isn't injecting human 
stem cells with the monkey-jellyfish concoction, but it is watching the cats for new insights. 

"If they have the power to protect, then they could perhaps be used in the future in human gene 
therapy," Poeschla says. 

Unfortunately, you can't get your own glow-in-the dark kitty just yet. 

18. Which property of the Central Dogma allows cats to be effectively genetically modified with 
jellyfish and monkey genes?  
a. The Genetic Code is degenerate.   
b. There is only one start codon.  
c. The Genetic Code is universal.  
d. The Genetic Code is always read in sets of 3 nucleotide bases.  

19. The genetically engineered cats glow because…  
a. their metabolism is now like that of jellyfish  b. the jellyfish genes inserted glow 
c. their cells now make proteins that glow  d. their Genetic Code has been modified  

20. Put a check mark beside everything that is different between the genetically engineered cats and 
normal cats of the same breed (such as the parents or un-modified relatives of these cats).  
___ genome  ___ proteins they produce ___ number of chromosomes  
___ biological sex ___ Genetic Code  ___ amino acids used to in translation  



21. The news story indicates that the monkey and jellyfish genes can be passed on to future 
generations of cats. Based on what you know about genes and heredity, do you think the glowing 
trait is dominant or recessive? Explain your reasoning (up to 3 points).  

Read the excerpt from The Verge article “Here's why you're bouncing off the walls: the genetics of 
coffee consumption” (http://www.theverge.com/2014/10/7/6927689/heres-why-youre-bouncing-
off-the-walls-the-genetics-of-coffee), then answer the questions below.  
Researchers have discovered six new genetic variants associated with coffee consumption, bringing 
our total count to eight, following the first such discovery in 2011. And according to the researchers, 
these findings help explain why some coffee lovers bounce off the walls after a single cup, whereas 
others feel the need to invent alarm clocks that wake you up with a shot of espresso. 

Yet what's most interesting about this study isn't the individual variants that modulate our response 
to coffee, it's the fact that it confirms what coffee drinkers have known all along: the genetics of coffee 
drinking really just comes down to caffeine. 
[…] 
In the study, Cornelis and her team examined 2.5 million genetic variants from over 120,000 women 
and men, which they then linked to the participants' coffee drinking habits. This analysis helped them 
establish the central role of caffeine, as the variants they found were almost all related to the 
stimulant. For instance, two genes called POR and ABCG2 were found to play a role in caffeine 
metabolism, whereas another two appear to influence the rewarding effect of caffeine. 

22. Variants of the genes POR and ABCG2 can be described as   
a. silently mutated    b. identical alleles     c. different alleles    d. amplified alleles    e. gene duplicates 

23. What kind of phenotype(s) are the researchers concerned with in this experiment? (1 point) 

24. What did the researchers find about the genotypes of the study participants? (2 points) 

25. In the study published by Cornelis et al., it was found that one POR “variant associated with 
higher coffee consumption is linked to increased POR expression”. This makes sense since 
increased expression means in people with this POR variant  
a. there are more copies of the POR gene  
b. there are more mutations in the POR gene 
c. there is more of the associated POR protein  
d. the POR gene undergoes homologous recombination more frequently   

Extra Credit 

A. Some of the genetic variations were found in the promoter regions of genes. Explain why these 

variations would impact coffee drinking or more specifically caffeine metabolism. (up to 3 points)  

B. Do you think there is a phenotypic difference between individuals who are heterozygous and those 

who are homozygous for the variant of POR associated with higher coffee consumption? If so, why?  

http://www.theverge.com/2014/10/7/6927689/heres-why-youre-bouncing-off-the-walls-the-genetics-of-coffee
http://news.sciencemag.org/2011/04/caffeine-fiend-could-be-gene-thing-or-two
http://www.engadget.com/2014/08/04/barisieur-coffee-alarm-clock/
http://www.nature.com/mp/journal/vaop/ncurrent/full/mp2014107a.html

