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drop it off in  Mr. Kozel’s classroom (360) OR

call the Science Dept. at (617) 713-5365
Lab #7-1:  Investigating the effect of heredity and environment on corn seedlings

Introduction: Unlike most plants, albino plants are not able to form chlorophyll.  In this investigation you will germinate seeds whose parents were heterozygous, carrying both a dominant allele for normal chlorophyll production and a recessive allele for the albino condition (no chlorophyll production).  You will also investigate the environmental impact on corn seedlings’ chlorophyll production.

Procedure Day 1 – Planting seeds and experimental set up

1. Record your assigned group number here __________. 

2. Obtain 2 paper containers. Label the containers with your assigned Group Letter (A, B, or C) and group number.  Note: Every group will plant 2 cups 1) Cup A or B and 2) Cup C
3. Fill all containers with potting soil.  Gently tap the soil (do not pack the soil). The surface of the soil should be even and be approximately 1 cm below the edge of the container.

4. Place 4 corn seeds on the surface of the soil, evenly spaced from each other.  

5. Using a finger or a pencil eraser push the seed about 1 cm into the soil.  

6. Fill the seed hole with soil.  Be sure that the soil surface is moist but not saturated.

7. Follow the directions below depending on which letter group you have:

a. Container A or B – cover with a dark plastic bag.  Put into dark cabinet. Leave some space for the seeds to germinate.  Label the outside of the dark plastic bag with lab group number, block and container letter.

b. Container C cover with a clear plastic bag.  Leave some space for the seeds to germinate.  Label the outside of the clear plastic bag with lab group number, block and container letter.

8. Put containers A and B with the dark plastic bag where indicated by your teacher.  

9. Put containers C with the clear plastic bag under the grow lights.

10. Review the following data table that outlines the 3 containers.
11. Answer Day 1 analysis questions on the separate data packet.   
	Container
	Treatment
	Type of Plastic Bag

	A
	Constant dark
	Dark

	B
	3-5 days dark

2 days light
	Dark

Clear

	C
	Constant light
	Clear


Procedure Day 2 – Moving container B and watering (2-5 days later)

1. Bring your containers to your lab station.  

2. If you have A, C, or D containers, check your plants.  If the soil surface is not moist, spray with water.  Record data into the data table.
3. If you have container B, follow the directions below: (your teacher may do this for you)
a. Remove container B from the dark plastic bag.  
b. Record data on the given data table.  Record the number of seeds planted, the number of seeds expressing chlorophyll (green), and the number of seeds not expressing chlorophyll (not green).  
c. Place container B in a clear plastic bag. Leave some space for the plant to grow.  Label the outside of the clear plastic bag with lab group number, block and container letter.

4. Container A will be placed back in the dark cupboard (or wherever your teacher instructs).
5. Containers B, C, and D will be placed under the grow lights.

Procedure Day 3 – Collecting group and class data (2 days later)

1. Bring all containers to your lab station and remove the plastic coverings. 

2. Record data from your container on your individual data table.
3. Contribute your group’s data to the class data table as instructed by your teacher.
Journal 7-1: Chances' Choices 
Process and Procedure:  This journal is a guided case study based on a fictional case of two genetic disorders.  PKU is an inherited trait that can be deadly if not detected and treated.   Hemophilia is a blood clotting disorder that typically affects males at a higher rate than females.  
1. How to read a pedigree:
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Paul and Stacy:

2. What is state-mandated testing of newborns?  Give some examples of diseases tested for.

3. What is PKU?  Below is a schematic of what happens in this disease.  Describe the symptoms.
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4. Describe dominant vs. recessive traits and genotypes.







5. Explain why it makes sense that PKU is recessive (at a molecular level).
6. Do Frank and Alan have the gene for this enzyme? _____


7. Do Frank and Alan carry the allele that causes PKU?


a. Let’s review meiosis:










Before
  After
Metaphase I

Interphase
Interphase



Prophase II
Metaphase II


Sperm cells

b. What are Paul and Stacy’s genotypes? ________  x ________

c. Which alleles could be in Paul’s sperm? ____ or ____

d. Which alleles could be in Stacy’s eggs? ____ or ____

	
	

	
	


e. Using a Punnett square to make predictions:

















f. What fraction of Paul and Stacy’s children do we expect to have PKU? ________

g. What are the chances of Paul and Stacy having another child with PKU? ________

8. What does each row or column in a Punnett square represent? ___________________

9. What does each individual box represent? ____________________


Scene 2: Will Alan ever play for the Celtics?

10. What is an X-linked trait?

11. How do you indicate an X-linked trait in a genotype?
12. What is hemophilia?




13. What are the chances of Paul and Stacy have a child with hemophilia AND PKU?

Parent's genotypes: 
           _________ 


x 

      _________





     Paul




           Stacy

Chromosomes in metaphase I of Meiosis:



OR
OR

Gametes: (FOIL)  ______, ______, ______, ______


______, ______, ______, ______

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


Journal 7-1 Analysis Questions (complete on a separate sheet of paper)
1. What are the chances of Paul and Stacy having a child with hemophilia AND PKU?
2. What are the odds of an individual child being a boy?
3. What are the chances of having a girl with hemophilia?
4. What are the chances of having a girl that is a carrier of hemophilia and a carrier of PKU? 

Notes: Mendelian Genetics
	Heredity Terminology

Self-fertilization

True-breeding



	Heredity Terminology

Cross-fertilization

Hybrid



	Heredity Terminology

Generations

P

F1

F2



	Homologous chromosomes and Alleles 


	Gregor Mendel



	Major Observations by Mendel 


	Mendel’s four hypotheses

1. There are different versions of genes (alleles).

2. Each organism inherietes 2 alleles for each trait.  One form each genetic donor 



	3. Law of Dominance



	4. Law of Segregation



	Punnett Square




	Genotype and Phenotype Ratios



	Independent Assortment –Dihybrid Cross

Genotypic Ratio:

Phenotypic Ratio:



	Rules of Probability (2 slides)




Journal 7-2: Solving Mendelian Genetics Problems

When doing genetics problems, you should always: write all answers (neatly) on a separate piece of paper.  Number the problems and show all work/ explain your reasoning.

Mendelian Genetics – you should know: Law of Segregation, Law of Dominance, Law of Independent Assortment, dominant, recessive, homozygous, heterozygous, genotype, phenotype, how to set up symbols, the meaning of a Punnett square, probability, generations: parental, F1, & F2.

Mono-hybrid Cross

1. You cross 5-headed female and a 3-headed male alien (P generation), both of whom are homozygous for this gene.  You know that having 5 heads is dominant, whereas having 3 heads is recessive.  

a.) Make yourself an allele key, for the “number of heads” gene (what trait does each code for?).


F =


f =

     Make yourself a genotype key, for the "number of heads" gene.


FF = 


Ff = 


ff = 

b.) Write down the genotype of each parent.  Also, label the allele on each homologous chromosome for each parent.  (One of the chromatids has been labeled for you - label the others.)


Mother’s genotype (2 letters): _____


Father’s genotype (2 letters): ______


Mother’s homologous chromosome pair:

Father’s homologous chromosome pair:


c.) What gamete can the mother make (what allele will be in the eggs)?  ____

d.) What gamete can the father make (what allele will be in the sperm)? ____

e.) Using the Punnett Square below, show the actual cross between the parents. 

	
	

	
	


f.) What will be the phenotype of the F1 generation (as shown by the cross you did)?  _______

g.) What percentage of F1 individuals will have 5 heads (refer to your key)? ________

h.) Two F1 individuals are crossed.  What is the genotype of each of these F1 individuals? ____

i.) What gametes can each F1 individual make (what alleles could be in sperm/egg)?  ____ and ____

j.) Taking one F1 individual, what percentage of his/her gametes will have “F?” ____

l.) Taking one F1 individual, what percentage of his/her gametes will have “f?” ____

m.) Using the Punnett Square below, show the cross between these two F1 individuals.  

	
	

	
	


n.) What percentage of the F2 offspring can be expected to have 5 heads?  ______ 

o.) In the F2 generation, what is the ratio of 5 headed:3 headed individuals?   ____ : ____

Let's check your probability skills...

p.) What is the chance of having two 5-headed offspring in a row? _______

q.) What is the chance of having two 3-headed offspring in a row? _______

r.) What is the chance of having a 5-headed offspring, followed by a 3-headed offspring? ____

s.) What is the chance of having a son, with 5 heads? ____

Di-hybrid Cross

The one-factor cross is somewhat unrealistic, since any organism is actually inheriting many, many different traits – not just one.  Consider the following scenario:

You cross a male and a female alien, both of whom are heterozygous for each of two traits, number of heads and body shape.  You know that 5 heads (as opposed to 3 heads) and round body (as opposed to square body) are both dominant.  Assume that we are dealing only with simple dominance here.

a.) Establish an allele key (and a genotype key if you find that helpful):

`

b.) Write down the parental genotypes.  Then, sketch the homologous chromosome pairs for each parent assuming that the traits do NOT share a homologous chromosome pair.  Use the two options for each to show how the chromosome pairs could line up during metaphase I of meiosis.  It may be helpful to color code the pairs - one color for maternally-derived, another color for paternally-derived.

Mother’s genotype (4 letters): _________

Father’s genotype (4 letters): _________


Mother’s homologous chromosome pairs:

Father’s homologous chromosome pairs:



OR
OR

c.) Determine the possible gametes from the mother (FOIL): _____, _____, _____, and _____

d.) Determine the possible gametes from the father (FOIL): _____, _____, _____, and _____ 

e.) Using the two-factor Punnett Square, perform the cross. 

	
	
	
	

	
	
	
	

	
	
	
	

	
	
	
	


f.) Answer the following:

# of different genotypes:   _____




# of different phenotypes: _____

ratio of 5 heads/round: 5 heads/square: 3 heads/round: 3 heads/square: ___:___:___:___

chance of having five heads and a round body: ____ 

out of 80 offspring, # expected to have five heads and a round body: _____

g.) Alternatively, you could have solved this problem doing two one-factor crosses (and multiplying probabilities):

	
	
	
	
	
	

	
	
	
	
	
	


Journal 7-2 Problem Set (complete on a separate sheet of paper)
1.  Long eye-lashes are dominant over short eye-lashes.  Cross a heterozygous long eye-lashed mother with a homozygous long eye-lashed father.  Show the results of the cross.

2.  The genetic disease called cystic fibrosis is inherited through a recessive gene.  If both parents are heterozygous for this trait, what is the probability that they will have a child who suffers from this disease?

3..In mice, black fur is dominant to white fur.  How would you determine whether a black mouse is homozygous dominant or heterozygous?  (Hint:  you will have to breed some mice).

4.  A male and a female, each with free earlobes (a dominant trait), give birth to a daughter with attached earlobes (a recessive trait).

   a. If the couple has three more children, what is the chance that ALL of them will also have attached earlobes?

   b.  If the couple then has one more child (the first three are already born), what is the chance that this child will    also have attached earlobes?

   c.  What is the chance that this fourth child will be a BOY with attached earlobes?
5. Tongue rolling is dominant over non-tongue rolling, and brown eyes are dominant over blue.  Cross a heterozygous tongue rolling, brown-eyed mom with a heterozygous, tongue rolling brown-eyed father.  What are the gametes possible from each parent?  What are the expected genotypes and phenotypes for the offspring?
6.  Bill and Barbara both have freckles, and Barbara has a widow's peak while Bill has a straight hairline.  They give birth to a daughter, Sarah, has no freckles and a straight hairline.  Freckles and a widow’s peak are both dominant, whereas no freckles and no widow’s peak are both recessive.
  a. What is Bill's genotype?  What is Barbara's genotype?

  b. What is the chance that they will give birth to a second child with freckles and a widow's peak?

  c. What is the chance that they will have a boy with freckles and a widow's peak?

Notes: Alternative Inheritance
	Incomplete Dominance 


	Incomplete Dominance in Humans



	Codominance



	Multiple Alleles



	Human Blood types – An example of multiple alleles, codominance and dominance




	Polygenic Inheritance



	Sex-linked genes




	Hemophilia – Royal Families of Europe





Journal 7-3: Genetics Problem Solving part II
Beyond Mendelian Genetics:  you should know:  chromosomes (autosome vs. sex), meiosis, carrier, pedigree, incomplete dominance, codominance (multiple alleles).
X-linked traits (refer back to Chances’ Choices for help):

1. Color blindness is inherited as a sex-linked trait where the allele for color blindness is on the X chromosome.  A color blind woman becomes pregnant.  Her partner is a man with normal vision.  What is the probability that her child will be:

a. a girl with normal vision?

d. a color blind boy?
b. a color blind girl?


e. a girl who is a carrier for the trait?
c. a boy with normal vision?
2. Hemophilia is a disease caused by a recessive gene on the X chromosome.  In a family, there are the following children:  2 hemophiliac boys, a normal boy, a hemophiliac girl, and a normal girl.  Draw a pedigree for this family.  What must the genotypes of the parents be?  What is the genotype of each child?

Incomplete dominance:
3. In 4 o’clock flowers, red and white color are incompletely dominant.  The heterozygous condition results in pink color.  You want ½ of the offspring of a cross to be pink. Give the genotypes of 3 different sets of parents to end up with that ratio in the offspring.  
4. In cats, the genotype BB is black, Bb is tortoise shell, and bb is yellow.  The gene is on the X chromosome.  A tortoise shell female is crossed with a black male.  What offspring would be expected?  Would you expect to find any tortoise shell males?  Explain.
Codominance (multiple alleles)

5. Cross a person homozygous for blood type allele B with a person with blood type O.  Show the possible genotypes and phenotypes for the offspring.

6. Use the blood type table in your notes to answer this question.  What are the possible blood types of children born to the following couples? (You do not need to draw a Punnett Square for each, but be careful to consider ALL possibilities!)
a.)
type A female, type A male

c.) type A female, type O male

b.)  type B female, type AB male

d.) type AB female, type AB male

7. Give the genotypes of everyone below.  Can this couple have a child with blood type B?  Explain.



type A
type B



type AB
type A
type O

8. In the animal called ipsywoodles,

	B=black fur
   F=forked tongue
     H=hairy body
N=normal wings         L=long bristles

b=yellow fur
   f=plain tongue
     h=normal body
n=straight wings
l=short bristles


If you crossed a heterozygous black furred, plain tongued, homozygous hairy bodied, heterozygous normal winged, heterozygous long bristled ipsywoodle (phew! – try saying that ten times fast!), with the same type of ipsywoodle, how many of the offspring would have: (don’t even think about trying a Punnett Square here…think about an alternative problem-solving technique…first, you should probably write out the genotypes of the parents.)

a. black fur, forked tongue, hairy body, normal wings, long bristles

b. black fur, plain tongue, hairy body, normal wings, short bristles

c. yellow fur, plain tongued, hairy body, straight wings, long bristles

Pedigrees:

9. Draw a pedigree for a family showing two parents and four children as follows:

(a) make the 2 oldest children boys and the two youngest girls.

(b) label the marriage line and the children line

(c) label the individuals and the generations with numbers

(d) Indicate person II-2 has attached earlobes (a recessive trait)

(e) Fill in the genotypes and symbols to indicate the remaining family’s traits

10. Key:  patterned = hanging earlobes; plain = attached earlobes

a. Which is dominant and which is recessive?  Explain.

b. Write the genotypes of all the individuals on the pedigree below.  If you cannot be sure, put what you do know about the genotype.  

c. What are the possibilities for the original parents’ genotype?
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all 25 kids!

BSCS Genetics Review Questions
1. What is the relationship between sample size and accuracy of prediction?

2. Explain the different causes of variation, including when they occur (mutations, independent assortment, crossing over, random fertilization).

3. Define each of Mendel’s Laws (Law of Dominance, Law of Independent Assortment, Law of Segregation) and give a concrete example of each.

4. Be able to solve genetics problems, including:

a. Monohybrid (2 x 2) & dihybrid (4 x 4) crosses (Honors only); probability

b. Incomplete dominance & co-dominance

c. Blood typing

5. What is the relationship between meiosis, fertilization, and chance of inheritance?

6. What is crossing over and when does it occur?

7. What is the relationship between genetics and environment?

8. What patterns would you see in a pedigree for a trait that is:

a. Autosomal Dominant?

b. Autosomal Recessive?

c. Sex-linked Recessive?
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Phenotype
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Recessive
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Heterozygote
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Sex chromosomes


Crossing over


Homologous Chromosomes 








Page 2

