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BIOLOGY 52 - - CELL AND DEVELOPMENTAL BIOLOGY - - FALL 2005

Fourth Examination - - December 2005

Put your name at the top of each page.  Please read each question carefully before answering- i.e. read the instructions.  In all answers, be as specific as possible, while respecting the amount of space allotted for each answer.  If a question seems ambiguous, do not hesitate to ask about it.

---------------------------------------------------------------------------------------------------------------------

1.  (3 points)  For each of the following genes, whose genotype is most important for the phenotype of the embryo
MOTHER’S             
FATHER’S       
EMBRYO’S
bicoid   _______________
gap gene ______________

wingless _______________
nanos _________________

pair rule gene _______________
Ultrabithorax _____________
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2.  (2 points)  The diagram at left shows the expression pattern of three genes during early Drosophila development.  Genes with expression patterns like these fall into which class of genes? 
____________

(2 points; Choose gene A, B or C) The expression patterns of these genes are determined by the structure of their promoters.  

Which gene is most likely to have a promotor with high affinity binding sites for Bicoid protein, and to be turned off when Bicoid is bound?  __________

Which gene is most likely to have low affinity binding binding sites for Bicoid and to be turned on only when all of the binding sites are occupied?  ____________________

3.  (1 point) You are a scientist interested in studying embryonic development with single cell resolution.  What animal would be 
the best to use as your model organism?  ________________

4.  (2 points—all or none)  From what you learned in recitation, 

order the following animals from shortest to longest life-cycle.


A.  Human
C. C.elegans


B. The mouse
D. Drosophila melanogaster
Shortest  _________   <      _________  <  ___________  <  ____________  Longest

(1 point—all or none)  Now add the frog Xenopus (E) to this list. 

Shortest  _________   <   __________ <   _________  <  ___________  <  ____________  Longest

5.   (2 points)  We learned that histones are post-translationally modified by acetylation,  etc. 
What is translation? __________________________________________  

6.  (5 points)  For each of the following molecules, pick from the following list the BEST definition of the job it does inside or outside the cell (some answers MAY be used twice or NOT used at all).

A.  Transcription factor


B.  Steroid hormone.

C.  Transmembrane receptor protein

D.  Secreted peptide or protein signal 

E.  Extracellular matrix component.

F.  Ribosomal protein.

G.  Mitochondrial protein.


H.  Cytoskeletal protein

Notch _______



Engrailed  _______

PTTH _______



Paired _______

Pax-3 _______



Lin-12 _______

Hox 3.1  _______



Rb _______

Steel _______




Wnt-1 _______

7.  (Choose ONE for each process—4 points) We talked about DNA imprinting, X inactivation, and muscle development,  and germline specification, and how they occurred during embryogenesis.  As we described things, which of the following mechanisms plays the primary role in each process.

Imprinting _____
X inactivation ____    
Muscle development  ____  Germline development ____

A.  Expression of a master regulatory transcription factor
D.  DNA methylation

B.  Positive autoregulation
E.  Post-translational modification of histones

E.  Inheritance of a cytoplasmic determinant

8.  (5 points)  Choose among the list below the likely response at the next molt for an insect treated in the following ways (this cockroach normally has five larval instars before molting to adulthood):

A.  Instant death

B.  Molting from larva to adulthood

C.  Molting to a new larval stage

D.  Transformation of the third thoracic segment into a second thoracic segment

E. Never molts.

Normal, untreated, 5th instar roach  _________

5th instar roach from which the neuroendocrine gland called the corpus allatum is removed ______

1st instar roach homozygous mutant for and thus making no functional PTTH receptor ________ 

1st instar roach homozygous mutant for and thus making no functional ecdysone receptor ________ 

1st instar roach homozygous mutant for and thus making no functional juvenile hormone receptor ________ 

9.  At the end of the cancer lectures, I discussed the role of the APC protein in regulating Wnt signaling in normal development and in cancer.  

a.  (Circle one—1 point)  Are the mutations in APC in tumors most likely to be 


Loss-of-function mutations that prevent its function     OR  


Gain-of-function mutations that make it consitutively active

b.  (Choose one of the following for each blank; 1 point each) 

A.  Homozygous mutant for APC
D.  Homozygous mutant for Rb

B.  Homozygous wild-type
E.  Heterozygous mutant for Rb
C.  Heterozygous mutant for APC
What will be the genotype of a sporadic colon tumor in which APC is involved? _____

What will be the genotype of a colon tumor in an FAP patient? _____

What will be the genotype of a normal colon cell in an FAP patient? _____

What will be the genotype of a normal retinal cell in an FAP patient? _____

c. (Circle one; 1 point)  Is APC a        positive     OR     negative       regulator of Wnt signaling?

d. (circle one of the choices below; 2 points) By what mechanism does APC regulate Wnt signaling?

A.  Regulates glycosylation of Wnt signals
B.  Regulates phosphorylation of the 



TCF transcription factor

C.  Regulates transcription of the TCF mRNA
D.  Regulates stability of the Armadillo protein
E.  Regulates transcription of the Armadillo mRNA  
F.  Regulates production of cAMP

10. We discussed the role played by the p53 protein in cancer.  Mutations in it are found in more than half of all tumors of all types.  

a.  (Circle one- 2 points) Based on its cell biological function, pick from the following list ONE property of tumor cells that is most likely to be conferred by mutations in p53.

A. Ability to divide indefinitely without differentiating.

B. Failure to undergo cell cycle arrest or programmed cell death in response to DNA damage.

C. Ability to metastasize, leaving the primary tumor and colonizing different sites.

D. Escape from contact inhibition.

E. Alterations in the cytoskeleton.

 b.  (Circle ONE—2 points)  Given its job in the cell, circle the most likely location for p53 protein

A.  Nucleus




B.  Mitochondrion.

C.  Transmembrane protein


D.  Cytoplasm

E.  Secreted outside the cell.


F.  Lysosome 

11. The diagram shows the cell fates chosen by different cells of the vulval equivalence group in a wild-type worm. 

                               [image: image2..pict]
a.  Circle ALL the correct answers (each part 1 point, all or none—2 points total):

Which cell(s) normally receive(s) the anchor cell signal?

P3.p

P4.p

P5.p

P6.p

P7.p

P8.p

Which cell(s) are/is capable of responding to the anchor cell signal if they/it receive(s) it?

P3.p

P4.p

P5.p

P6.p

P7.p

P8.p

b.   (6 points) How many 1° cells, now many 2° cells, and how many 3° cells will be made in the cases listed below?   Hint:  in wild-type  (total =six) the answer is

1°    _____1_____                   2°     _____2_______            3°     ______3______  

In a animal in which P4.p and P7.p are ablated with a laser (total =four)

1°    ____________                   2°     _____________            3°     _____________  

In a worm in which all of the vulval precursor cells carry a dominant gain-of-function mutant of Ras, which makes it active even in the absence of the anchor cell signal  (total=six)

1°    ____________                   2°     _____________            3°     _____________  

In a mutant in which the central three cells all express a constitutively active Lin-12 receptor (total=six)

1°    ____________                   2°     _____________            3°     _____________  

In a chimeric animal in the anchor cell is homozygous mutant for let-23 (the worm EGF receptor) but the vulval precursor cells are all wild-type (total = 6)

1°    ____________                   2°     _____________            3°     _____________  

In a chimeric animal in the anchor cell is homozygous mutant for lin-3 (worm EGF) but the vulval precursor cells are all wild-type (total = 6)

1°    ____________                   2°     _____________            3°     _____________  

In a chimeric animal in which p3.p and p8.p have no functionasl let-23but the other cells are wild-type (total=six)
1°    ____________                   2°     _____________            3°     _____________  

12.  We discussed the roles of two different Pax genes in mouse development.  

a.  (2 points)  Which fruit fly gene was used as the probe to initially identify the Pax genes?   ____________

b. The following 4 true-or-false questions are worth 6 points in total.  Mark each as T or F and for any that is/are false, indicate briefly why in the space below.

a.  T   F    Mouse Pax-3 is mutated in cystic fibrosis.

b.  T   F   Pax-6 encodes a secreted signaling molecule.

c.  T   F   Loss-of-function mutations in the fruit fly homolog of Pax-6 lead to the development of 


ectopic eyes on the legs .

d.  T   F  Pax-6 protein is normally localized at the plasma membrane.

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

13.  (5 points)  For each of the following molecules (or molecular complexes), pick from among the following list the BEST choice for where within or outside the cell it would be located (some answers MAY be used twice or NOT used at all).  NOTE: thyroid hormone is a steroid hormone whose receptor is mutated in certain cancers.

A.  Nucleus




B.  Mitochondrion.

C.  Transmembrane protein


D.  Cytoplasm

E.  Secreted outside the cell.


F.  Lysosome

Thyroid hormone receptor in the absence of hormone_______
Cystic fibrosis protein _____

Thyroid hormone receptor in the presence of hormone _______
Delta _______
EGF Receptor in the absence of EGF _______
Mouse Engrailed _______

EGF Receptor when initially bound to EGF _______
Histone modifying enzyme _______

Pax-3 _______
lin-3 _______

14.  (2 points—circle FOUR)  Which genes in the following list encode a family of related proteins:

wingless


src 

Ultrabithorax


engrailed 

PDGF receptor

Pax-3 

Notch


Hox 3.1
Antennapedia 


Abdominal B

myoD
(1 point-circle ONE)  These genes are called: 

Gap genes

Pair rule genes

Segment polarity genes

Homeotic/Hox genes  
Receptor tyrosine kinase genes
Cell death genes

15.  (3 points)  Sporadic basal cell carcinomas carry mutations in the proto-oncogene Smoothened. 

(Circle one)  Do the mutations in this gene that are found in a tumor: 


Eliminate protein function        OR    Turn on its activity constitutively

In each of the following situations, choose the most likely Smoothened genotype from the list below:


A.  +  /  +
B.  Smoothened mutant / +


C.  Smoothened mutant/ Smoothened mutant

Basal cell carcinoma ________

Colon tumor cell from a normal individual __________

Normal skin cell from a normal individual  ________

Normal colon cell from a normal individual __________

16.  (put the correct integer in the blank—3 points) You have a single heterozygous mutant fruit fly and many wild-type fruit flies at your disposal.  How many generations will it take to get a homozygous mutant fruit fly?  ________

You have a single heterozygous mutant nematode and many wild-type nematodes at your disposal.  How many generations will it take to get a homozygous mutant nematode?  ________

20.  (4 points) In each case, choose from the following list of options the most correct choice). 
A.  Red blood cells are made but not white blood cells.

B.  Muscle cells reverse determination decisions and become bone marrow stem cells.

C.  The transplanted bone marrow stem cells die and thus the animal dies.

D.  White blood cells are produced but no red blood cells.

E. The production of blood cells returns to normal

Scientists did bone marrow transplants, and assessed the results in the following cases:

Steel mutant bone marrow stem cells transplanted into a White-spotting mutant host  ______

White-spotting mutant bone marrow stem cells transplanted into a Steel mutant host  ______

Wild-type bone marrow stem cells transplanted into a Steel mutant host  ______

Wild-type bone marrow stem cells transplanted into a White-spotting mutant host  ______

White-spotting mutant bone marrow stem cells transplanted into a White-spotting mutant host  ______

Steel mutant bone marrow stem cells transplanted into a Steel mutant host  ______

Steel mutant bone marrow stem cells transplanted into a wild-type host  ______

White-spotting mutant bone marrow stem cells transplanted into a wild-type host  ______

22.  (5 points)  Match the product of each gene with its role

par genes  ____
A.  Receptor for the anchor cell signal.

let-23  ____
B.  Essential for programmed cell death
lin-14  ____
C.  Regulates the timing of events in the larval instars
lin-12  ____
D.  Required for correct segregation of P granules
ced-3  ____
E.  Receptor for “Don’t be primary” signal in vulva.
5.  (9 points) For each blank, choose three of the letters from the following list that best fit the likely situation at the promotor of the gene described.

A.  Tightly wound up in chromatin

B.  Heavily methylated.  

C.  MyoD protein bound to DNA.

D.  Lightly methylated or unmethylated.

E.  No binding sites for myoD OR no myoD bound to promotor.

F.  Relatively few nucleosomes.

The hemoglobin gene in a skin cell  __________  The muscle actin gene in a kidney cell _______

The keratin gene in a skin cell  _________             The muscle actin gene in a skin cell  _________

The keratin gene in a muscle cell  __________  The muscle actin gene in a muscle cell _______

6.  (2 points) A UNC scientist played a key role in developing the technology to create 
mouse knockouts.  What was the name of this scientist?  ______________________

7.  (2 points; circle one) You have read about a new gene discovered in Drosophila that regulates embryonic development in that animal.  You want to investigate whether it plays a role in the development of the mouse.  This gene is called Notch.  You clone the closest relative of the Notch gene in the mouse, and generate an antibody to the protein it encodes.  Based on what we discussed in class about the role Notch plays in the development of the fruit fly, you develop a hypothesis for the most likely tissue in which mouse Notch might be expressed—which of the following would be this tissue?


A.  Kidney
D.  Bone Marrow Stem cell


B.  Germline
E.  12th rib


C.  Skin
F.  Placenta

11.  (7 points)  The Patched gene encodes a tumor suppressor involved in Gorlin syndrome, a familial predisposition to basal cell carcinoma (skin cancer).  It is also mutated in sporadic basal cell skin cancers that arise in normal individuals.  Assume that its genetics are similar to that of Rb, which we discussed in detail.   (Circle one)  Do the mutations in this gene that are found in a tumor: 

Eliminate protein function        OR    Turn on its activity constitutively

In each of the following situations, choose the correct genotype (A,B, or C) from the list below:


A.  +  /  +
B.  Patchedmutant / +


C.  Patchedmutant/ Patched mutant

Kidney cell from a Gorlin’s syndrome patient ________

Kidney cell from a normal individual  ________

Normal skin cell from a Gorlin’s syndrome patient __________

Normal skin cell from a normal individual __________

Basal cell carcinoma cell from a Gorlin’s syndrome patient __________

Basal cell carcinoma cell from a normal individual __________

In each of the following situations, choose PRESENT   or   ABSENT

Patched protein in a normal skin cell

from a normal individual
____________________

Patched protein in a normal retinal cell

from an individual predisposed to retinoblastoma
____________________

Patched protein in a basal cell carcinoma
____________________

13.  (2 points—circle FOUR)  Which genes in the following list form a family of related proteins:

wingless


src 

myoD  


Krüppel 

Ultrabithorax


Pax-3 

Notch


Hox 3.1
Antennapedia 


Abdominal B
(1 point-circle ONE)  These genes are called: 

Homeotic/Hox genes


Gap genes

Paired box genes


Receptor tyrosine kinase genes
Cell death genes

14.  (4 points)  In the above diagram, the top row shows the wild-type expression pattern of Hunchback.   Choose the most likely expression pattern of hunchback (A, B,or C) for each of the following situations:

Embryo whose mother was homozygous mutant for bicoid and whose father was wild-type  _______

Embryo whose father was homozygous mutant for bicoid and whose mother was wild-type  _______

Embryo whose mother and father  were homozygous mutant for bicoid  _______

Embryo in which Bicoid protein accumulated at high levels in all cells ________

15.  (8 points) The mouse knockout technology has played a critical role in the study of embryonic development in that animal.  Imagine that you want to knockout the Rb gene.

You start with a cell line in culture.  (circle one)  From what source was this cell line originally derived?


Germ cells
Blastocyst stage frog embryos


Inner cell mass
Skin cells

You add to these cells cloned DNA carrying the Rb gene.  You modified this DNA by adding a second gene replacing part of the coding sequences of the Rb gene.  (circle one)  What is the 

function of the protein encoded by this second gene?


A.  Prevents programmed cell death in response to DNA damage


B.  Regulates transcription of genes required for cell proliferation


C.  Confers resistance to the drug neomycin


D.  Carries DNA to nucleus

Most cells do not incorporate the second gene into their own DNA-- only a very small percentage do 

so.  In those that do, it is incorporated by a normal cellular process you studied in Bio 50 for its role in 

meiosis.  This process is called  ______________________________

(Circle one)  At this point the cell line is    homozygous     /     heterozygous      mutant.

You inject these cells into a blastocyst stage embryo.  The mouse derived from this embryo is chimeric.  

Which of the following tissues may be derived from the altered ES cells (Circle all correct answers)


Sperm/eggs
Brain


Liver
Skin/hair


Bone marrow
Intestine

16.  (Circle all correct answers; 3 points)  Which of the following events in mouse development CAN be observed directly because they CAN occur outside the mother?


Compaction
Fertilization 


Heart development
Gastrulation


Formation of the blastocyst
Neurulation 

17.  The following 5 true-or-false questions are worth 8 points in total.  Mark each as T or F and for any that is/are false, indicate briefly why in the space below.

a.  T   F    Src encodes a transcription factor that regulates cell migration and proliferation.

b.  T   F   People suffering from Xeroderma pigmentosum have defects in DNA repair.

c.  T   F   P granules are determinants for the gut.

d.  T   F   Mice mutant for both myoD and myf5 lack skeletal muscle.

e.  T   F   Polycomb protein helps keep the engrailed gene turned on.

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

____________________________________________________________________________

19.  (3 points; circle all correct answers)

Which of the following genes or classes of genes encodes a transcription factor(s)?

bicoid
Pair-rule genes

Gap genes
engrailed

wingless
eyeless

(1 point)  In which animal did we discuss roles played by all of these genes?  __________

20.  (4 points) In each case, choose from the following list of options the most correct choice). 
A.  Red blood cells are made but not white blood cells.

B.  Muscle cells reverse determination decisions and become bone marrow stem cells.

C.  The transplanted bone marrow stem cells and thus the animal die.

D.  White blood cells are produced but no red blood cells.

E. The production of blood cells returns to normal

Scientists did bone marrow transplants, and assessed the results in the following cases:

Steel mutant bone marrow stem cells transplanted into a wild-type host  ______

White-spotting mutant bone marrow stem cells transplanted into a wild-type host  ______

Wild-type bone marrow stem cells transplanted into a Steel mutant host  ______

Wild-type bone marrow stem cells transplanted into a White-spotting mutant host  ______

Steel mutant bone marrow stem cells transplanted into a White-spotting mutant host  ______

White-spotting mutant bone marrow stem cells transplanted into a Steel mutant host  ______

White-spotting mutant bone marrow stem cells transplanted into a White-spotting mutant host  ______

Steel mutant bone marrow stem cells transplanted into a Steel mutant host  ______

I certify that I have performed my work on this examination in full conformity with the provisions of 

the Honor Code.      Signature___________________________________
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