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Genetics 
EST  CHAPTER ONLY

1.
Consider four different individuals with the following chromosome profiles:

Individual 1:
32 chromosomes; each chromosome has an identical partner of the same size and shape.

Individual 2:
23 pairs of chromosomes; in each pair except one, the chromosomes are of the same size and shape.

Individual 3:
16 pairs of chromosomes; in each pair, the chromosomes are of the same size and shape.

Individual 4:
64 chromosomes; each chromosome has an identical partner of the same size and shape.

a)
Which two of these four individuals are of the same species? Explain your answer.
	

	


b)
Which of these four individuals is a human being? Explain your answer.
	

	


c)
Is the individual you identified in question b) male or female? Explain your answer.
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2.
In the lab where you work, you find an incomplete illustration of a sequence of nitrogenous bases, drawn by Rodrigo, a researcher away on vacation.

G   G   G   T   C   T   G   A   T

a)
Is this the sequence of a DNA molecule or an RNA molecule? Explain your answer.
	

	


b)
What sugar is found in this molecule?
	


c)
Apart from the sugar and the nitrogenous bases, what other chemical entity does this molecule contain?
	


d)
Is there a complementary strand to the one illustrated by Rodrigo? If so, what would be its sequence of nitrogenous bases?
	

	


e)
In Rodrigo’s notes on the incomplete nitrogenous-base sequence, you see the phrase “part of the coding strand for the protein myoglobin.” Is this sequence part of a gene? Explain your answer.
	

	


f)
Myoglobin transports oxygen to our muscle cells. Name four other tasks that proteins perform in our bodies.
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3.
If 32 percent of the nitrogenous bases in an organism’s DNA are adenine, . . .

a)
what percentage of the bases will be thymine? Explain your answer.

	

	


b)
what percentage of the bases will be cytosine? Explain your answer.
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4.
Your classmate has a few questions about amino acids and proteins.

a)
First, he wants to know why teachers mention amino acids so often when they are talking about proteins. Explain your answer.
	

	


b)
He also asks you how many different amino acids enter into the composition of proteins. What do you answer? 
	

	

	


c)
“OK, but do all proteins have the same number of amino acids?” he asks. Answer his question by specifying the average number of amino acids in proteins.
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5.
Three students are discussing protein synthesis.


Cassandra says, “During protein synthesis, a messenger RNA must be built based on the DNA.”


“No, no, no!” objects Ivan. “During protein synthesis, transfer RNA is needed to transport amino acids to the ribosomes.”


Sylvia adds, “You’re both right, but you’re talking about two different processes in protein synthesis. You should also know that the messenger RNA produced in the nucleus attaches itself to a ribosome during protein synthesis.”

a)
Which of the three students is referring to the transcription stage in his or her description of protein synthesis?

	


b)
Which stages of protein synthesis are the other two students referring to?
	

	

	


c)
When does the process come to an end?
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6.
Complete the table below of the differences between DNA and RNA.

	
	Full name
	Number of strands
	Nitrogenous bases
	Sugar

	DNA
	Deoxyribonucleic acid
	2
	C G   A  T 
	Deoxyribose

	RNA
	Ribonucleic acid
	1
	C  G  A  U 
	Ribose
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7.
Consider this sequence of nitrogenous bases from a coding strand of a DNA molecule.


A
T
G
C
A
T
G
C
C
C
C
G

a)
Complete the illustration by writing the nitrogenous bases of the complementary strand in the boxes.

b)
What sequence of nitrogenous bases would you find on the mRNA copied from this DNA coding strand?

	


c)
What tells you that this mRNA nucleotide sequence can trigger the formation of a chain of amino acids to build a protein?
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8.
Your friend David describes the girl he met last Friday:
“She’s really nice. She’s got beautiful hazel eyes and long blond hair down to her shoulders. She has little dimples in her cheeks when she smiles and a scar on her chin that’s barely noticeable. She’s also got cute freckles.” 

a)
Which are the hereditary characteristics in David’s description?
	


b)
Which are the non-hereditary characteristics in the description?
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9.
Before he does his genetics homework, Sam wants to make sure he understands some of the relevant terms. Unfortunately, all he has are unmatched lists of words and definitions. Help him match each of the following terms with the correct definition in the table below.

allele, character trait, crossbreeding, dominant allele, gene, generation, genotype,
heterozygote, homozygote, hybrid, phenotype, protein, pure line, recessive allele

	Term
	Definition

	Character trait
	A physical, psychological or physiological attribute that may vary from one individual to another within the same species

	Protein
	A molecule that plays a specific role in the functioning of an organism and in the expression of its character traits

	Gene
	A DNA segment that contains information for making proteins

	Pure line
	A group of individuals of the same species, which, for a specific character trait, produces only offspring with the same trait, without variation

	Crossbreeding
	The exchange of gametes between two different individuals during sexual reproduction

	Hybrid
	An individual obtained by the crossbreeding of two genetically different individuals

	Generation
	A group of individuals descended from common parents

	Allele
	A possible form of a gene

	Dominant allele
	An allele that is expressed when an individual carries two different alleles for a given gene

	Recessive allele
	An allele that is not expressed when an individual carries two different alleles for a given gene

	Heterozygote
	An individual with two different alleles for a given character trait

	Homozygote
	An individual with two identical alleles for a given character trait

	Genotype
	The description of all of an individual’s alleles for specific genes

	Phenotype
	The description of the appearance or state of an individual for one or more character traits
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10.
When you ask him to tell you something about his family, Jacob, a genetics enthusiast, answers, “I am the result of the crossbreeding of Greg and Sandra. I am therefore a hybrid. Dorothy and Christopher belong to the same generation as me. There’s also a baby in the family, whom I babysit often. He doesn’t belong to my generation but is the result of the crossbreeding of Peter and my sister.”


Use the information Jacob has just given you to answer the following questions.

a)
Who are Jacob’s parents?
	


b)
Does Jacob have brothers and sisters? If so, who are they?

	


c)
What is the relationship between Jacob and the baby he mentions?
	


d)
Who are the baby’s parents?
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11.
In his research, Mendel cross-pollinated a pure-line pea plant with round seeds and a pure-line pea plant with wrinkled seeds. Given that the allele for round seeds is dominant over the allele for wrinkled seeds, what percentage of the first-generation plants obtained had round seeds? Explain your answer, using a Punnett square.

	Parents
	Round seeds
	Wrinkled seeds

	Genotype
	RR
	rr

	Possible gametes
	R R
	r r

	Punnett square

r

r

R

Rr
round seeds

Rr
round seeds

R

Rr
round seeds

Rr
round seeds
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12.
Mendel then cross-pollinated two individuals from the first generation described in the previous question. Was the percentage of individuals with round seeds the same among the new generation? If not, what is the percentage? Explain your answer, using a Punnett square.

	Parents
	Round seeds
	Round seeds

	Genotype
	Rr
	Rr

	Possible gametes
	R r
	R r

	Punnett square

R

r

R

RR
round seeds

Rr
round seeds

r

Rr
round seeds

rr
wrinkled seeds
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13.
There are four children in the Chapel family. Lewis and Louise have brown eyes, and Olivia and Oliver have blue eyes. The parents, Denis and Denise, have brown eyes. What are their genotypes? Describe how you arrived at your answer, assuming that eye colour is determined by a single gene whose allele for brown eyes is dominant over the allele for blue eyes.
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14.
The court requires you to provide an expert opinion on the following situation:


The owner of a white female poodle wishes to breed white puppies. She takes her dog to a breeder who tells her that he will match her dog with a white male. To the owner’s surprise, the puppies are all black at birth. She sues the breeder, claiming that he replaced the white male with a black dog and thus produced six puppies of the wrong colour. Given that the colour white is due to a recessive allele, while the colour black is dominant, would you support the owner’s claim? Explain your answer.
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15.
In tomatoes, the allele for purple stems (P) is dominant over the allele for green stems (p). Second, the allele for red fruit (R) is dominant over the allele for yellow fruit (r). A tomato plant with the genotype PPRr is crossed with a plant that is heterozygous for these two character traits. If 320 new plants are obtained, use a Punnett square to show how many of them, in theory, will have:

a)
a purple stem and yellow fruit 


b)
a purple stem and red fruit


c)
a green stem and yellow fruit 


d)
a green stem and red fruit 


	Parents
	Purple stem, red fruit
	Purple stem, red fruit

	Genotype
	PPRr
	PpRr

	Possible gametes
	PR Pr
PR Pr
	PR Pr
pR pr

	Punnett square

PR

Pr

pR

pr

PR

PPRR
purple
red

PPRr
purple
red

PpRR
purple
red

PpRr
purple
red

Pr

PPRr
purple
red

PPrr
purple
yellow

PpRr
purple
red

Pprr
purple
yellow

PR

PPRR
purple
red

PPRr
purple
red

PpRR
purple
red

PpRr
purple
red

Pr

PPRr
purple
red

PPrr
purple
yellow

PpRr
purple
red

Pprr
purple
yellow
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16.
In her lab, Lucy is trying to develop a technique to grown a new cornea from cells taken directly from the injured cornea of a person who has sustained an accident to the eye.

a)
Why can Lucy’s work be considered an example of cloning?
	

	


b)
Is it natural or artificial cloning? Explain your answer.
	

	


c)
Is it reproductive or therapeutic cloning? Explain your answer.
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17.
Two types of twins are identified in medicine: monozygotic twins and dizygotic twins. As their name suggests, monozygotic twins are the result of the fertilization of a single ovum by a single sperm cell, followed by the separation of the fertilized egg in two. Dizygotic twins are the result of the fertilization of two different ova by two different sperm cells.


Which are clones of each other: monozygotic twins or dizygotic twins? Explain your answer.
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Ivan is referring to the translation of mRNA into a protein, and Sylvia, to the attachment of the mRNA to the ribosome.





EST











CHAPTER 11


















































Monozygotic twins are clones of each other. Because they both come from the same sperm cell and the same ovum, they have the same genome.





It is therapeutic cloning because the aim of the technique is not to produce a new individual but rather to generate genetically compatible tissues for a person in need of a transplant.





It is artificial cloning because it is not a phenomenon that occurs naturally.





Because the aim of the technique she is trying to develop is to produce an exact copy of part of an organism.





Yes, I would support the owner’s claim. If the puppies are black and the female is white, the black colour must necessarily come from a black allele in the male. Since this allele is dominant, the male dog must necessarily be black.





To have blue eyes—the character trait expressed only if two recessive alleles are present—both parents must necessarily carry this allele, even if they both have brown eyes. Both parents are therefore heterozygous, with the genotype Bb.





Peter and Dorothy





Jacob is the baby’s uncle.





Yes, they are Dorothy and Christopher.





Greg and Sandra





Hair length and the scar





Eye and hair colour, dimples and freckles





The sequence starts with the nucleotide triplet A U G, which signals the beginning of protein building.





A  U  G  C  A  U  G  C  C  C  C  G





One hundred percent of the plants obtained had round seeds.





When the ribosome encounters one of three nucleotide triplets—UAA, UAG or UGA—which signals that the amino acid chain is complete.





Cassandra





No, they do not all have the same number of amino acids. On average, proteins contain between 100 and 200 amino acids.





In all, 20 different naturally occurring amino acids enter into the composition of proteins.





Amino acids are the building blocks of proteins.





Given that 64 percent of the nitrogenous bases are adenine and thymine, 36 percent will be guanine and cytosine. These two nitrogenous bases are paired in DNA, so 18 percent of all bases will be cytosine.





Support, control and message relay, immunity and catalysis





Yes, because a gene is a DNA segment that contains information for making proteins.





Yes, there is a complementary strand with the following sequence:


C C C A G A C T A.








A phosphate group





Deoxyribose





It is the sequence of a DNA molecule because it contains thymine, a nitrogenous base unique to DNA.





The individual is male because all human males have one pair of chromosomes of different shapes and sizes.








80


240


0


0





 In the new generation, 75 percent of the plants obtained had round seeds.





Given that adenine is paired with thymine in DNA, there will be as much thymine as adenine. Therefore, 32 percent of the bases will be thymine.




















Individual 2 is a human being because humans normally have 23 pairs of chromosomes.





Individuals 1 and 3 are of the same species because they both have the same number of chromosomes.
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