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Playlists and Virtual Lab Extension Links: 

Playlist: Cell Transport and Homeostasis https://www.youtube.com/playlist?list=PL2E5mFIVmrSsNEY7SCGN261MmJ_nqye6Z  

Cell Transport Virtual Lab https://video.esc4.net/video/assets/Science/Biology/Gateway%20Resources/cell%20homeostasis%20virtual%20lab%20-
%20activity/index.html 

Playlist: Mitosis and Cell Cycle https://www.youtube.com/playlist?list=PL2E5mFIVmrSukRnpptsw2tk4Aujs0sJza  

Cells Alive Cell Cycle, Mitosis and Cancer https://www.cellsalive.com/cell_cycle_js.htm 

Playlist: Meiosis, Fertilization, Pedigree https://www.youtube.com/playlist?list=PL2E5mFIVmrSuuB0IU55SYbDixXtO8kBk4 

Pedigree Investigation https://learn.genetics.utah.edu/content/addiction/pi/ 

Reading Cell Cycle and 
Mitosis Reading Guide
EOC Booklet 
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Unit 3: Cell Transport 
 
H.B.2C.1 Develop and use models to exemplify how the cell membrane serves to maintain 
homeostasis of the cell through both active and passive transport processes  

 Homeostasis - An organism to maintaining constant or stable conditions.    
 The cell membrane regulates the passage of material into and out of the cell.   
 A cell membrane is semipermeable (selectively permeable), meaning that some substances 

can pass directly through the cell membrane while other substances cannot.  
 Materials needed for cellular processes must pass into cells so they can be utilized.    
 Waste materials from cellular processes must pass out of cells as they are produced.    
 Each individual cell exists in a fluid environment, and the cytoplasm within the cell also has 

a fluid environment. The presence of a liquid makes it possible for molecules (such as 
nutrients, oxygen, and waste products) to move into and out of the cell.   

  
Passive transport (Does not require Energy)  
Substances move across the cell membrane without using energy. -Particles moves with the 
concentration gradient from HIGH to LOW concentration (
require energy)  

 
1. Diffusion: The spreading out of molecules across 

a cell membrane until they are equally 
concentrated. Oxygen,   carbon dioxide & water 
that are able to pass directly across the cell 
membrane.  

  
 
 
 

 
 

2. Facilitated diffusion: The process by which some molecules 
that enter the cell through a transport protein because they 
are not able to pass directly through a cell membrane.  

 EX.  Glucose passes through the cellular membrane 
using facilitated diffusion.   
        

  
  
 

  
3. Osmosis: The diffusion of water molecules through a 

selectively permeable membrane from an area of greater 
concentration of water to an area of lesser concentration of 
water. The diffusion of water molecules is a passive transport 
process because it does not require the cell to expend energy.  
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Active transport (Requires Energy)   
 Molecules move against the concentration gradient (from an area of low concentration to an area 

of high concentration) and require the cell to expend energy.   
 Molecules are  across the cell membrane by transport proteins requiring ATP.   
 Cells can use this process to concentrate molecules within the cell, or to remove waste from a cell.   

o Ex. Calcium, potassium, and sodium ions are examples of materials that must be forced across the 
cell membrane using active transport.  

 Some molecules are too large to pass through a cell membrane even with the aid of transport 
proteins; therefore, they require the use of vesicles to help them through the membrane.   

o Endocytosis: Large molecule entering 
into the cell.  

o Exocytosis: Large molecule exiting the cell.  
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H.B.2C.2 Ask scientific questions to define the problems that organisms face in maintaining 
homeostasis within different environments (including water of varying solute concentrations).  

 If two solutions with the same solute concentration are separated by a selectively permeable 
membrane, water  molecules will pass through the membrane in both directions at the same rate 
so the concentration of the solutions will remain constant.   

 If cells are placed in solutions that are very different in concentration from that of the cell, the 
cells may be damaged and even shrivel or burst.  

  

  
 

 

Questions/ Main 
Idea:  

  

Cell Transport and Homeostasis Study Guide 

What are the major 
functions of the cell 
membrane?  

 His friends call him the plasma membrane  
 He is thin and flexible   
 He has two main functions: o Protection  protects the cell from the outside environment o 

Regulation  controls what can enter and exit the cell  

 He is selective: allows some things to pass through more easily than others   
 He is selectively permeable:  

What is the Fluid 
Mosaic Model?  

 The cell membrane is NOT a rigid structure with immovable components!   
 The cell membrane is fluid-like and flexible   
 Within the membrane, molecules can move around   

What is the 
Phospholipid 
bilayer?  

 LIPIDS: Phospholipids make up the majority of the cell membrane o Hydrophilic head 

made of phosphates (Phospho) o  Hydrophobic tail made out of fatty acids (Lipid)   

 To protect the hydroPHOBIC tails from water, they form a bilayer which keeps the tails 
huddled inside and the water-loving heads outside.  

More parts of the cell 
membrane  

 Also embedded within the lipid bilayer are proteins and carbohydrate chains  
 Protein molecules bring materials into the cell and receive signals from outside the cell  
 Carbohydrate molecules (attached to proteins or lipids) have antenna to help cells identify or 

recognize other cells  

Match the cell 
membrane  
structure or 
function with the 
correct letter from 
the diagram  
  

  

  

  

____Protein (only)  ____Fatty Acid Tail  ____ Helps move large material   

____Carbohydrate (only)  ____ Involved in cell recognition  across the membrane  

____Lipid bilayer  ____Carb. attached to a lipid (look  ____Carb. attached to a protein  

____Phosphate Head  for the sugar rings)  ____Outside cell  

What is a solution?   Molecules dissolved in a liquid = SOLUTES  
 Liquid/fluid dissolving them = SOLVENT  
 These two together make a SOLUTION o In a salt solution, _________ is the solute and 

_________ is the solvent o In a sugar solution, sugar is the solute and water is the solvent.   

What are 
concentration and 
equilibrium?  

 Solutions will spread out their dissolved molecules until they are equal throughout.  
 EQUILIBRIUM  = molecules are spread equally  
 CONCENTRATION = number of molecules in an area per unit volume. o  High concentration: 

more solutes per unit volume  

 Low concentration: less solutes per unit volume  



What happens with 
a barrier?  

  If the solutions on either side of the barrier have the same concentration we call that being at 
equilibrium.  

  At equilibrium, both the solvent and solute move back and forth across the barrier: there is always 
movement.  

Transport of  
Materials  Across 
the Cell Barrier  

  
 

Materials move across the plasma     membrane in two ways:  
Passive Transport  movement across the membrane without using energy  Active Transport  
movement across membrane that requires energy   

Types of Passive 
Transport:   
1. Diffusion  

  

  

Solutes move across a membrane from areas of high concentration (crowded) to low concentration   

Because diffusion depends upon random particle movements, diffusion across cell membranes does 
not require the cell to use energy.  

Types of Passive 
Transport:   
2. Osmosis  

  
  

A special name for diffusion of water!  

selectively permeable membrane   

  The solute molecule is too large to pass -- only the water diffuses until equilibrium is reached.  

Types of Passive 
Transport:   

3. Facilitated  

Diffusion  

  

  
  

Large molecules or those with a charge need the help of a protein to pass across a cell membrane   
 

Each channel is specific to a particular type of molecule  

 sive transport  

Active Transport    Some movement across a cell membrane requires energy because it is AGAINST the 
concentration (it moves solutes from low to high concentration  

  When there is a difference in solution concentrations we say that there is a concentration gradient.     

   

Active Transport  

1. Pump  

  Pump  a special type of protein is used to PUSH molecules to across the membrane   

  Ex: the Sodium and Potassium  (Na/K) Pump.   

Active Transport  

2. Endocytosis  

  Endocytosis (endo=in):  a pocket (vacuole) forms around a large molecule outside the cell and buds 
inward to release the material inside the cell.   

Active Transport  

2. Exocytosis  

  Exocytosis (exo=out):  a vacuole inside the cell fuses with the cell membrane and forces the 
material outside the cell.  

Summary:   

   

   

   

Homeostasis and the Cell Membrane (pgs.208-213)    Name:                       Period: 
1. For each section below color and label all parts.  
2. Use symbols to show net movement of substances across the membrane (i.e. blue circles for water, etc.) 
3. Use block arrows to show direction of movement. 
4. Label the concentration gradients. 
5. Label the inside and outside of cell. 
6. Use symbols to show the use of ATP 
7. Summarize how the 4 methods of transport maintain homeostasis in the cell.  
8. Make a key for your symbols. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Summary:      Summary:   Summary:    Summary: 
 
 
 
 
 
KEY: 

Simple diffusion Osmosis Facilitated diffusion Active transport 



Endocytosis V. Exocytosis: Examples of Active Transport 
In the boxes below draw what happens during each of process. 
 
Endocytosis: 
    

 
Exocytosis: 
    

 
Compare and contrast the following terms : 
Diffusion V. osmosis  Active transport V. facilitated diffusion Exocytosis V. endocytosis  Facilitated diffusion V. diffusion  
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Rehydrating Athletes 

Water is one of the major components of the human body, comprising up to 73 percent of lean body 

when the body loses more water than it has in reserve. This is especially common during long 
periods of intense exercise when sweat is produced to cool the body. Dehydration can decrease 
performance and increase the risk of injury in athletes. Additionally, dehydration can lead to an 
increase of the core body temperature and put a strain on the heart. Because dehydration can be very 
dangerous, even deadly, it is important to maintain hydration during intense activity. Drinking water 
helps, but is not always enough. 

Sports drinks were developed to help athletes rehydrate quickly. In addition to water, sports drinks 
contain electrolytes, protein, and carbohydrates. 

 Electrolytes are ions that maintain the fluid balance and acidity of the blood, and aid in muscle 
movement. Electrolytes include potassium, sodium, phosphorus, chloride, calcium, and 
magnesium. Of these, sodium is the primary electrolyte needed during and after strenuous 
exercise. Sodium stimulates thirst and improves the rate at which the small intestine absorbs 
water and carbohydrates. Sodium also helps the body retain fluid, decrease the output of urine, 
and distribute fluids throughout the body. During exercise, you need to consume a minimum of 
450 milligrams of sodium per hour. 

 Protein helps the body recover from muscle damage that occurs during exercise. If you are 
engaging in an intense or long workout, it is recommended that you consume a recovery drink 
that contains protein. A sports drink that will be effective in rebuilding and repairing muscle will 
contain one gram of protein for every four grams of carbohydrates. 

 Carbohydrates provide most of the energy for an intense workout. The body burns these 
carbohydrates during exercise. Common carbohydrates found in sports drinks are glucose and 
fructose. Athletes are encouraged to consume one gram of carbohydrate per kilogram of body 
weight per hour of exercise. 

 

 

 

Analyze It 

Athletes that have muscular endurance have the ability to use their muscles to work out for an 
extended period of time. Marathon runners and triathletes have a high level of muscular endurance. 
With long duration races, hydration is an important part of their exercise regimen. The data in the 
following bar graphs show the ingredients of water, chocolate milk, a sports drink, and fitness water. 
Use the data to answer the questions. 
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1. Which drink would be the best choice when sodium levels need to be restored? 

 

 

2. What is the approximate carbohydrate to protein ratios for each of the four drinks? 

 

 

3. Which drink best meets the requirement for a 4:1 carbohydrate to protein ratio? Explain.  

 

 

4. Kierra weighs 54 kilograms. If she drinks a hydrating sports drink during her workout, how 
many servings must she drink to meet the one gram of carbohydrate per kilogram of body 
weight per hour of exercise requirement?  

 

 

5. What benefits does fitness water have for an athlete? 

 

 

6. Which drink would you choose to have after an intense workout? Why? 
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Mitosis and the Cell Cycle Reading Guide     
Biology I  
E- Learning Days 16- 20 
 
B-2 The student will demonstrate an understanding of the structure and function of cells and 

their organelles. 
              
Cell Cycle  
 Three main phases (Interphase, Mitosis-PMAT, and Cytokinesis)  

Interphase  
 Cells spend the majority of their cell cycle in interphase.  The main purpose 

is for the cell grow and prepare for mitosis.  . 
 G1 (gap 1) - the cell grows and synthesizes proteins.  
 S (synthesis) - chromosomes replicate and divide to form identical 

sister chromatids held together by a centromere.  
 G2 (gap 2) - cells continue to grow and produce the proteins necessary 

for cell division.  
Mitosis (PMAT) 

 
Prophase Metaphase  Anaphase Telophase 
Chromosomes condense 
Nuclear membrane disappears 
Centrioles move to opposite 
sides of poles 
Spindle fibers form 

Shortest phase 
Chromosomes line up 
in middle of cell 
Spindle fibers connect 
the centromere of each 
sister chromatid 

Centromeres are split 
Sister chromatids move 
to opposite poles of 
cell 

Chromosomes uncoil  
Nuclear membrane 
reforms 
Spindles break down 
Cytokinesis begins 

Cytokinesis -The division of the cytoplasm into two individual cells.  
 Animal cells  cleavage furrow forms 
 Plant cells- cell plate forms  

Cell Cycle Regulation  
 Internal signals and external signals are involved in turning the process of cell division off and on. 
 Cells sense when they are too closely packed and cell division is turned off. Cells sense when they are not in 

contact with a surface and cell division is turned on.  
 A checkpoint in the cell cycle is a critical control point where stop and go signals can regulate the cycle.   
 Cancer cells are an example of cells that do not follow normal signals which shut down the cell division 

process; they continue to divide uncontrollably  
Biochemical reactions allow organisms to grow, develop, reproduce, and adapt.   
 The amount of energy that is required for a chemical reaction to occur is called the activation energy.   
 Changes in temperature (gaining or losing heat energy) can affect a chemical reaction.  
 pH (a measure of the acidity of a solution) in most organisms needs to be kept within a very narrow range.  

Catalyst - substance that changes the rate of a chemical reaction or allows a chemical reaction to occur.  
Catalysts work by lowering the activation energy of a chemical reaction.   

 Enzymes are proteins which serve as catalysts in living organisms. 
 Each particular enzyme can catalyze only one chemical reaction by working on one particular reactant 

(substrate). The structure of enzymes can be altered by temperature and pH.  
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Cell Growth and 
Division   
Part 1   
 Questions/Main 
Idea:   

Study Guide Cell Growth and Division & Mitosis  

Cell division is 
   

 Grow  most organisms grow by producing more cells   
 Repair wounds and damaged cells   
 Develop and change    

Why do cells divide? 
(aka, why are cells 
small?)   

     
o A larger cell places more demands on its DNA (more things to 

control and not enough DNA)    
o Surface-to-volume ratio decreases as size increases    

 Thus, before the cell becomes too large, it divides    
When do cells 
divide?   

 When cells come in contact with each other, they stop growing    
 When internal regulators (e.g., p53 gene, cyclin enzymes) signal the 

cell to start or stop dividing    
 e.g., they 

doubled    
 When external regulators (growth factors) stimulate or inhibit growth 

and division   
What is the cell 
cycle?   

 The series of phases that cells go through as they grow and divide.   
 A continuous process, but we divide it into 3 stages:   

1. Interphase    
2. Mitosis   
3. Cytokinesis    

Stage 1: Interphase    Cell life between divisions   
 The longest stage!   
 Nucleus is still present  Phases:   
o Gap 0 (G0)  grows and functions   
o Gap 1 (G1)  duplicates organelles and molecules needed for cell 

division   
o Synthesis (S)  duplicates DNA (in chromotin form)   
o Gap 2 (G2 )  checks for errors    

Stage 2: Mitosis    Duplication and division of the cell nucleus   
 Phases:    

1. Prophase  2. Metaphase 3. Anaphase  4. Telophase    

Stage 3: Cytokinesis    Pinching off of the cytoplasm    
 (Often grouped as part of mitosis)   

 Mitosis + cytokinesis result in two identical daughter cells!   

Summary: My Alegbra Test with a 
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Cell Growth and Division   
Part 2   
   
Questions/Main Idea:   

 

 Interphase    Nucleus is still intact and the nucleolus is visible.   
 DNA is in chromatin form    
 Includes G1, S, and G2   

Mitosis step 1: 
Prophase   

 Centrioles separate and produce spindle fibers    
 Chromatin condenses to form chromosomes   
 Nuclear envelope and nucleolus break down   

    
Chromatin?   
Chromosomes?   

Chromatin = DNA unwound (looks like spaghetti)    
Chromosome = DNA condensed and organized   
Sister chromatids = a duplicated chromosome   
Centromere = the place where chromotids are 

prophase, chromatin condense into   
chromosomes  sister chromatids, attached 
to each other at their centromeres.    

Mitosis step 
2: Metaphase   

 Chromosomes line up at the middle of the cell   
 A spindle fibers attaches to each sister chromatid at the 
centromere       

Mitosis step 
3: Anaphase   

 Spindle fibers contract and pull apart the chromosomes to opposite 
   

Mitosis step 
4: Telophase   

 Chromosomes return to chromatin form    
 Nuclear membranes and nucleolus reform   
 Spindle fibers disappear  Nuclear division is complete  telophase 

telephone   

3: Cytokinesis   
 Pinching of the cytoplasm, resulting in two identical daughter cells.    

Mitosis in plants        
 Cell plate forms during telophase    
 During cytokinesis, cell plate separates the daughter cells and 

becomes the new cell wall   

Summary:    
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REVIEW SUMMARY ASSIGNMENT  
Matching:  Match the term to the description   

A. Prophase  B. Interphase  C. Telophase  D. Cytokinesis  E. Metaphase  F. Anaphase  
  
____ 1.  The sister chromatids are moving apart.  ____ 10.  Chromatids line up along the 

equator.  
____ 2.  The nucleolus begins to fade from view.  ____ 11.  The spindle is formed.  
____ 3.  A new nuclear membrane is forming 

around the chromosomes.  
____ 12.  Chromosomes are not visible.  

____ 4.  The cytoplasm of the cell is being 
divided.  

____ 13.  Cytokinesis is completed.  

____ 5.  The chromosomes become invisible.  ____ 14.  The cell plate is completed.  
____ 6.  The chromosomes are located at the 

equator  of the cell.  
____ 15.  Chromosomes are replicated.  

____ 7.  The nuclear membrane begins to fade 
from view.  

____ 16.  The reverse of prophase.  

____ 8.  The division (cleavage) furrow appears.  ____ 17.  The organization phase  
____ 9.  The chromosomes are moving towards 

the poles of the cell.  
  

  
  
Fill in the blank: Some will be used more than once.  
A. Prophase  D. Metaphase  G.  Chromatid  J. Spindle fiber  
B. Interphase  E. Anaphase  H. Cytokinesis  K. Cell plate  
C. Telophase  F. Centromere  I. Mitosis    
  
_______________18.  What phase are daughter cells in as a result of mitosis?  
_______________19.  During what phase of mitosis do centromeres divide and the 

chromosomes move toward their respective poles?  
_______________20.  What is the phase where chromatin condenses to form chromosomes?   
_______________21.  What structure forms in prophase along which the chromosomes move?  
_______________22.  Which phase of mitosis is the last phase that chromatids are together?  
_______________23.  Which phase of the cell cycle is characterized by a non-dividing cell?  
_______________24.  The period of cell growth and development between mitotic divisions?  
_______________25.  What structure forms in prophase along which the chromosomes move?  
_______________26.  Which phase of mitosis is the last phase that chromatids are together?  
_______________27.  Which phase of the cell cycle is characterized by a non-dividing cell?  
_______________28.  The period of cell growth and development between mitotic divisions?  
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The diagram below shows six cells in various phases of the cell cycle. Note the cells are not 
arranged in the order in which the cell cycle occurs. Use the diagram to answer questions 1-7.   
  
  

  
_____________  1.Cells A & F show an early and a late stage of the same phase of the cell 

cycle. What phase is it?   
   _____________   2.Which cell is in metaphase?   
   _____________   3.Which cell is in the first phase of M phase (mitosis)?  

_____________   4.In cell A, what structure is labeled X?  
 















 

 

E- Learning Day 21-25 
READING GUIDE Meiosis, Fertilization and Pedigrees  
EOC Booklet B4 

 
 
sis 
 

 Cell division resulting in the reduction of chromosomes 
 Diploid (containing two sets of chromosomes, one set from each parent) is reduced to haploid 
(contain only one of each type of chromosome) or gametes.   

Meiosis occurs in two steps: 
 Meiosis I, in which the chromosome pairs replicate, results in two haploid daughter cells with 

duplicated chromosomes different from the sets in the original diploid cell. 
 Meiosis II, in which the haploid daughter cells from Meiosis I divide, results in four haploid 

daughter cells called gametes, or sex cells (eggs and sperm)..                    
 

 
Meiosis I 
 
 
 
 
 
 
 
                                    A       B            C        D 
                             prophase I         metaphase I          anaphase I               telophase 

 
 
 
 
 

A 
Prophase I 

B 
Metaphase I 

C 
Anaphase I 

D 
Telophase I 

-chromosomes pair up and 
form a cluster of four 
chromatids (tetrad) 
-homologous chromes pairs 
consist of two chromosomes 
contain the same genes 
- crossing over occurs 
-nuclear membrane 
disappears 
-centrioles move to opposite 
poles 
 

-homologous 
chromosomes line 
up in the middle 
of the cell in 
tetrads 

-The chromosome 
pairs separate, one 
chromosome to 
each side of the 
cell. 
- Each daughter 
cell will receive 
only one 
chromosome from 
each homologous 
chromosome pair. 
- Sister chromatids 
remain attached to 
each other. 

-Chromosomes gather 
at the poles, nuclear 
membrane may form, 
and the cytoplasm 
divides. 
-Cytokinesis that 
occurs at the end of 
telophase I is the 
division of the 
cytoplasm into two 
individual daughter 
cells. 

 
 

Standard B-4: The student will demonstrate an understanding of the molecular basis of 
heredity. 

 

 

Meiosis II 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

   (E)           (F)  (G)     (H) 
Process Function Starting Cell Results Human 

chromosome 
number 

Mitosis Growth, repair and 
replacement of cells 

Somatic (body cells) 
2n-diploid 

2 identical 
diploid (2n) 
cells 

46 chromosomes 
23 pairs 

Meiosis Making sex cells 
(gametes) 

2n-diploid 
 

4 different 
haploid (n) 
cells 

23 chromosomes 
No pairs 

Mutations 
 Mutation change in one base 
pair to the insertion or deletion of large segments of DNA.  Mutations can result from a malfunction 
during the process of meiosis or from exposure to a physical or a chemical agent, a mutagen. 

 If the mutant cell is a body cell (somatic cell), the daughter cells can be affected by the altered DNA, 
but the mutation will not be passed to the offspring of the organism. 

 Body cell mutations can contribute to the aging process or the development of many types of 
cancer. 

 If the mutant cell is a gamete (sex cell), the altered DNA will be transmitted to the embryo and may 
be passed to subsequent generations. Gamete cell mutations can result in genetic disorders. 

 If the mutation affects a single gene, it is known as a gene mutation.  
 Ex. Sickle-cell, Tay-Sachs disease,  

 If the mutation affects a group of genes or an entire chromosome, it is known as a chromosomal 
mutation. 

 Nondisjunction results in an abnormal number of chromosomes, usually occurring during 
meiosis.    
 Examples of abnormalities in humans due to nondisjunction of sex chromosomes are 

 
 Examples of abnormalities in humans due to nondisjunction of autosomal chromosomes 

include Down syndrome. 
 Beneficial mutations are changes that may be useful to organisms in different or changing 

environments.  These mutations result in phenotypes that are favored by natural selection and 
increase in a population. 

  
  
  
  
  

Prophase II  
(E) 

-nuclear membrane breaks 
down 
-spindles form 
-centrioles move to 
opposite poles 
-chromosomes condense 
 

Metaphase 
II (F) 

-chromes lime up in the 
middle 

Anaphase II  
(G) 

-sister chromatids separate 

Telophase II 
(H) 

-nuclear membrane reforms  
-daughter cells are haploid, 
containing one single 
chromosome from each 
pair of chromatid 

 



   M
en

d
elian

 G
en

etics  
 G

enetics is the study of patterns of inheritance and variations in organism
s.  G

enes control each trait 
 

 
S

ince in all cells (except gam
etes) chrom

osom
es are diploid (exist as a pair of chrom

osom
es), each 

cell contains tw
o genes for each

 trait.   
 

T
he tw

o genes m
ay be of the sam

e form
 or they m

ay be of different form
s. 

 
T

he different form
s of a gene are called alleles. 

L
aw

 (P
rin

ciple) of D
om

in
an

ce- states that som
e alleles are dom

inant w
hereas others are recessive.  

 
A

n organism
 w

ith a dom
inant allele for a particular trait w

ill alw
ays have that trait expressed (seen) 

in the organism
. (represented by a capital letter) 

 
A

n organism
 w

ith a recessive allele for a particular trait w
ill only have that trait expressed w

hen the 
dom

inant allele is not present.  (represented by a low
ercase letter) 

 
G

en
otyp

e (gen
etic m

ak
eu

p
) of an organism

 reveals the type of alleles that an organism
 has 

inherited for a particular trait.   
 

T
T

 represents a hom
ozygous dom

inant genotype. 
 

tt represents a hom
ozygous recessive genotype. 

 
T

t represents a heterozygous genotype. 
 

P
h

en
otyp

e (p
h

ysical ch
aracteristics) of an organism

 is a description of the w
ay that a trait is 

expressed in the organism
. 

 
O

rganism
s w

ith genotypes of T
T

 or T
t w

ould have a phenotype of tall. 
 

O
rganism

s w
ith a genotype of T

t w
ould have a phenotype of short. 

 L
aw

 (P
rin

ciple) of S
egregation

- explains how
 alleles are separated 

during m
eiosis. 

 
E

ach gam
ete receives one of the tw

o alleles that the parent carries 
for each trait.  E

ach gam
ete has the sam

e chance of receiving either 
one of the alleles for each trait.  

 
D

uring fertilization (w
hen sperm

 and egg unite), each parent 
organism

 donates one copy of each gene to the offspring.    
 

L
aw

 (P
rin

ciple) of In
depen

den
t A

ssortm
en

t- states that the 
segregation of the alleles of one trait does not affect the segregation of 
the alleles of another trait. 
 

G
enes on separate chrom

osom
es separate independently during m

eiosis.  
 

T
his law

 holds true for all genes unless the genes are lin
ked.  In this case, the genes that do not 

independently segregate during gam
ete form

ation, usually because they are in close proxim
ity on the 

sam
e chrom

osom
e.  

           

   A
 P

u
nn

ett sq
uare can be used to predict the probable genetic com

binations in the offspring that result 
from

 different parental allele com
binations that are independently assorted.   

 
A

 m
on

oh
yb

rid
 cross exam

ines the inheritance of one trait.  . 
 

T
he P

unnett square exam
ple represents the probable outcom

e of tw
o heterozygous parents w

ith the 
trait for height: T

 =
 dom

inant tall, t =
 recessive short (T

t x T
t).   

 
A

 dih
ybrid cross exam

ines the inheritance of tw
o different traits. 

 
T

he follow
ing P

unnett square exam
ple represents the probable outcom

e of tw
o 

traits of hom
ozygous parents w

ith the traits for shape and color: R
 =

 dom
inant 

round, r =
 recessive w

rinkled; Y
 =

 dom
inant for yellow

, y =
 recessive green (rryy 

x R
R

Y
Y

).   
  

 
A

ll of the offspring for this generation w
ould 

predictably have the sam
e genotype, heterozygous for 

both traits (R
rY

y).  
 

A
ll of the offspring for this generation w

ould 
predictably have the sam

e phenotype, round and 
yellow

 (16/16 w
ill be round and yellow

). 
    

 G
en

e L
in

kage an
d C

rossin
g-over 

 
G

en
e lin

k
age sim

ply m
eans that genes that are located on the sam

e chrom
osom

e w
ill be inherited 

together.  T
hese genes travel together during gam

ete form
ation (see B

-4.5). 
 

T
his is an exception to the M

endelian principle of independent assortm
ent because linked genes 

do not segregate independently.  
 

C
rossin

g-over is a process in w
hich alleles in close proxim

ity to each other on hom
ologous 

chrom
osom

es are exchanged.  T
his results in new

 com
binations of alleles.   

 
C

rossing-over explains how
 linked genes can be separated resulting in greater genetic diversity that 

 
 In

com
plete D

om
in

an
ce an

d C
odom

in
an

ce 
 

In
com

p
lete d

om
in

an
ce is a condition in w

hich one allele is not com
pletely dom

inant over another. 
T

he phenotype expressed is som
ew

here betw
een the tw

o possible parent phenotypes. 
 

C
od

om
inan

ce occurs w
hen both alleles for a gene are expressed com

pletely.  T
he phenotype 

expressed show
s evidence of both alleles being present. 

 
T

hese c
 

M
u

ltiple A
lleles an

d P
olygen

ic T
raits 

 
M

u
ltip

le alleles can exist for a particular trait even though only tw
o alleles are inherited.  For 

exam
ple, three alleles exist for blood type (A

, B
, and O

), w
hich result in four different blood groups. 

 
P

olygen
ic traits are traits that are controlled by tw

o or m
ore genes.  T

hese traits often show
 a great 

variety of phenotypes, e.g. skin color. 
      

 
T

 
t 

T
 

T
T

 
T

t 

t 
T

t 
tt 

 
ry 

ry 
ry 

ry 

R
Y

 
R

rY
y 

R
rY

y 
R

rY
y 

R
rY

y 

R
Y

 
R

rY
y 

R
rY

y 
R

rY
y 

R
rY

y 

R
Y

 
R

rY
y 

R
rY

y 
R

rY
y 

R
rY

y 

R
Y

 
R

rY
y 

R
rY

y 
R

rY
y 

R
rY

y 



 

 

Sex-Linked Traits 
 Sex-linked traits are the result of genes that are carried on either the X or the Y chromosome.  
 In organisms that undergo sexual reproduction, one pair of chromosomes (the 

sex chromosomes) determines the sex of the organism. 
 A Punnett square for the cross shows that there is an equal chance of offspring 

being male (XY) or female (XX). 
 If a gene is linked on the X chromosome (X-linked) it is more likely to show 

up in maels 
 For example, the trait for color blindness is located on the X chromosome: 
 Hemophilia is also a sex-linked trait.  
 In rare cases, a female can express the sex-linked, recessive trait. 

 
 
 
 
Pedigree-  is a chart constructed to show an inheritance pattern (trait, disease, disorder) within a family 
through multiple generations.         
Pedigree Example I:   
Family with a dominant autosomal   genetic trait) 

 Dominant traits show up in every generation 
 Autosomal traits affect male/female equally  

 
 
 
 
Pedigree Example II 
(Family with a recessive sex-linked genetic trait) 

  
 Sex-linked traits affect more males 
 Mothers of males with a sex-linked trait/disorder are 

known as carriers 
And are represented by a half shaded circle 

 
  
 

 

 X Y 

X XX XY 

X XX XY 

 XC Y 
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Xc Xc XC Xc Y 

Study Guide 
  
Meiosis  
  

Questions/Main 
Idea:  

  
Study Guide  
Meiosis  

DNA Passes from 
Parent to Offspring 

  

Two types of reproduction (making more of you):  
1.  

 Parent and offspring (child) are genetically identical  
 e.g., bacteria, many plants and fungi  

1. 
the first cell of the new offspring  

2. parents and offspring are  genetically unique  
  

Review of 

Chromosomes  

  

 
(good idea! backup copy!)  

 In diploid cells, 1 copy came from each parent (people: 1 from 
mom, 1 from dad)  

can parents only pass on HALF their genetic material?  
  

What is meiosis?  

  

  

  
 Haploid cells = gametes (sperm/eggs)   Human gametes:  

 In , meiosis produces (in testes) 4 sperm cells  

 In , meiosis produces (in ovaries) 1 egg cell and 3 polar 
bodies (that later disintegrate)  

   
Chromosome number 
questions  

 If a horse retina cell has 36 chromosomes, a horse sperm cell has 
_____ chromosomes.   

 
 If  the 2n number of a pine tree is 86, a cell in a pine ovum has 

_____chromosomes.   
 If n = 16 for a goldfish, the fin cell has _____chromosomes.   

  



Homologous Pairs

 

 
sequence of genes  

 One is from mom, one from dad  
 Genes are in the same order, but not identical!  
 e.g., blood type  

  

Phases of meiosis    
 In meiosis, each phase occurs twice  
 Meiosis I: Prophase I, Metaphase I, Anaphase I, Telophase I, 

Cytokinesis I  
 Meiosis II: Prophase II, Metaphase II, Anaphase II, and 

Telophase II, Cytokinesis II  
  

Meiosis I   In Prophase I, homologous chromosomes pair up in a tetrad   
 same gene sequences, same banding pattern, same position 

of centromere   
 Crossing over takes place  

   
What is crossing-
over?  

 

 During crossing-over, homologous chromosomes exchange 
pieces of DNA  

 Allows for a reshuffling of genetic material   
  
  
  
  
  
  
  

What is the result of 
meiosis I?  

 Meiosis I results in 2 haploid daughter cells  
  
  
  

What is the result of 
meiosis II?  

 Each of the haploid daughter cells from meiosis I divide again to 
make 4 haploid cells.  

  
  
  

 

  

 
 

 Study Guide Pedigrees 

How are pedigrees 
useful? 

Pedigrees show how a trait/disorder is passed from one generation to the next. 
Symbols: 

o Squares = ______________(XY) 
o circles = ___________________ (XX) 
o Horizontal lines connect breeding couples 
o Vertical lines connect parents to children 
o Shading (filled in) = individual has the trait 
o No shading = individual does not have the trait 
o Half shading or a dot = a ____________________ 
o A diagonal line means death 
o Roman numerals show generations 
o Numbers assign an individual to a generation 

 

How do you interpret a 
pedigree? 

Trait is dominant or recessive? 
 -Skips a generation = ____________________________ 
- Every generation = dominant 

Trait is autosomal or sex linked? 
- Affects  and  equally autosomal 
- Affects  more than  sex-linked 
 -  

Females get the trait from affected father and carrier/affected mother 
 Affected males got it from their mother and give it to their daughters to 
___________________________  
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Summary Assignment 
Chromosome Number 

For Questions 1 8, write True if the statement is true. If the statement is false, change the 
underlined word to make the statement true. 

     1.  The offspring of two parents obtains a single copy of every gene from each 
parent. 

     2.  A gamete must contain one complete set of genes.  

     3.  Genes are located at specific positions on spindles. 

     4.  A pair of corresponding chromosomes is homozygous. 

     5.  One member of each homologous chromosome pair comes from each gene. 

     6.  A cell that contains both sets of homologous chromosomes is haploid. 

     7.  The gametes of sexually reproducing organisms are haploid.  

     8.  3.  
 

Phases of Meiosis 

On the lines provided, identify the stage of meiosis I or meiosis II in which the event described 
occurs. 

     9.  Each replicated chromosome pairs with its corresponding homologous 
chromosome. 

   10.  Crossing-over occurs between tetrads. 

   11.  Paired homologous chromosomes line up across the center of the cell. 

   12.  Spindle fibers pull each homologous chromosome pair toward an opposite 
end of the cell. 

   13.  A nuclear membrane forms around each cluster of chromosomes and 
cytokinesis follows, forming two new cells. 

   14.  Chromosomes consist of two chromatids, but they do not pair to form 
tetrads. 

   15.  A nuclear membrane forms around each cluster of chromosomes and 
cytokinesis follows, forming four new cells. 

 
 

Biology E-Learning Days Meiosis, Fertilization, and Pedigree

Student Name: _______________________ Date: _________

1)

What is the outcome when a cell undergoes meiosis?

A) Two diploid cells C) Four diploid cells

B) Two haploid cells D) Four haploid cells

2)

In the diagram, the shaded squares represent 

A) males with a heritable trait. C) males without a heritable trait.

B) females with a heritable trait. D) females without a heritable trait..



3) If the somatic cells of a human contain 46 chromosomes, then after meiosis new sex cells would contain _____ chromosomes.

A) 23 C) 64

B) 46 D) 92

4)

In the diagram shown, ___________ are represented by the squares. 

A) males C) unrelated offspring

B) females D) heterozygous offspring

5)

The inheritance pattern of a disorder is illustrated in the pedigree chart. What type of genetic disorder is this?

A) codominant C) sex-linked recessive

B) autosomal recessive D) incomplete dominance

Based on the pedigree chart, what should you assume about the parental generation? 

A) The father was a carrier for a sex-linked disease. C)
You cannot make any assumptions based on the pedigree 
chart.

B) The mother was a carrier for a sex-linked disease. D)
Both the father and mother were carriers of a sex-linked
disease.

7) All of the following circumstances, EXCEPT ___________ can produce new combinations of genetic traits in sperm and eggs that
are different from the parents.

A) errors during meiosis C) crossing over during meiosis

B) errors during mitosis D) mutations due to exposure to chemicals

8) The Smith family is afflicted with a genetic disorder known as Pinocchio nose syndrome, which causes affected adults to grow noses
in excess of five inches long. 100 members of the Smith family show up for a family reunion. Of the fifty-three women, thirty-seven have
unusually large noses. Of the forty-seven men, thirty-six have an enormous nose. Based on these figures, Pinocchio nose syndrome is
probably

A) dominant and sex-linked. C) dominant, but not sex-linked.

B) recessive and sex-linked. D) not sex-linked but unable to tell if it is dominant or recessive

9) In any population of humans, sex-linked diseases such as hemophilia,

A) only occur in males. C) occur more frequently in females.

B) occur more frequently in males. D) occur equally in males and females.

10) All BUT ONE statement describes an advantage of meiosis.

A) Variation is aided by crossing-over which occurs 
during meiosis.

C) Independent assortment provides a huge number of possible 
genetic combinations in daughter cells.

B)
Meiosis ensures daughter cells receive one allele 
for each gene and half the number of 
chromosomes.

D)
Meiosis occurs often because it allows growth and repair of 
body tissues in multicellular organisms.



Body cells may produce additional body cells by means of _________. Organisms that reproduce sexually produce gametes by means 
of the process of _________. 

A) mitosis; meiosis C) mitosis; conjugation

B) meiosis; mitosis D) meiosis; gametogenesis

12)

Three generations of a family afflicted with hemophilia are illustrated in the pedigree chart. Family members used the pedigree chart 
and the laws of genetics to predict the occurrence of the disease. From the information in the chart, one can determine that hemophilia 
is

A) sex-linked and occurs more in males than females. C) sex-linked and no pattern of inheritance can be predicted.

B) autosomal and occurs equally in males and females. D)
autosomal and occurs more frequently in males than
females.

At the end of meiosis II, how does the DNA in each of the four new cells compare to the DNA from the original cell? 

A) half as much and genetically the same as the original C) half as much and genetically different from the original

B) twice as much and genetically the same as the original D) twice as much and genetically different from the original

14)

Organisms that reproduce sexually produce sex cells or gametes via meiosis, while body or somatic cells are produced via mitosis. As 
noted in the Venn diagram, somatic cells are 2N while gametes are N.

What process restores the 2N chromosome number in a zygote's somatic cells for growth and development to continue? 

A) differentiation C) replication

B) fertilization D) transcription

15) Sexual reproduction is important for the survival of the species. It is important for ALL BUT ONE of these reasons. That is

A) promotes genetic variability among offspring. C) it is necessary for the survival of the individual.

B) causes new mutations to occur in the offspring. D) it is more beneficial for the species than the individual



Consider a sex-linked inherited disease like hemophilia. Males are never hidden carriers of this type of inherited disease. Why? 

A)
Males only inherit the gene for the disease from 
their mothers.

C)
Males do not have a second X chromosome that could mask 
the gene for hemophilia.

B)
Males cannot inherit the normal, disease-free gene 
from either parent.

D)
The Y chromosome found in males is a recessive 
chromosome and cannot carry the dominant gene for 
hemophilia.

17) When gametes combine to form a zygote, the chromosomes number of the zygote is now referred to as

A) diploid. C) monoploid.

B) haploid. D) polyploid.

18) The process of gamete formation during sexual reproduction is correctly represented by which illustration?

A)

B)

C)

D)

The diagram shows one process during sexual reproduction. After fertilization, the zygote contains 28 chromosomes. What is the
number of chromosomes (n) present in the gametes? 

A) 7 C) 28

B) 14 D) 56

20) Which is an ADVANTAGE of sexual reproduction?

A) Two parents are required. C) It leads to genetically diverse offspring.

B) Only one parent is required. D) It leads to genetically identical offspring.

21)

Gregor Mendel raised and observed pea plants. In his observations he noticed that some pea plants were tall and some were short. 

Some plants produced round peas and some produces wrinkled peas. Mendel noticed that different combinations of these traits 

occurred in each generation.

What is the BEST explanation for this variation in pea plants? 

A) Pea plants reproduce sexually creating variations. C)
Pea plants reproduce asexually making genetic copies of the 
parent plant.

B) Pea plants reproduce asexually creating variations. D)
Pea plants reproduce sexually making genetic copies of the 
parent plants.

22) All individuals have two alleles for a given trait. According to Mendel's Law of Segregation, these alleles are passed down one each
from both mother and father.

They are passed down through gametes from each parent, which are created by the process known as _________. 

A) fertilization C) mitosis

B) meiosis D) myocin



As seen in the Venn diagram, meiosis is responsible for the production of haploid gametes. Somatic or body cells are 2N cells. This 
change in chromosome number is the result of 

A) mitosis. C) differentiation.

B) fertilization. D) growth and development.

24)

Colorblindness is a sex-linked trait. A mother with normal vision and a man who is colorblind have a colorblind daughter. What 
statement MUST be true about the parents? 

A) The mother is a heterozygous carrier. C) The mother cannot have the colorblind gene.

B) The father is a heterozygous carrier. D) The mother is homozygous dominant for normal vision.

25)

Meiosis is a process that produces gametes. Using the diagram, what do you notice about the cells produced in meiosis? 

A)
Meiosis produces 4 daughter cells each identical in 
number of chromosomes to the original cell.

C)
Meiosis produces 4 daughter cells each with half the 
number of chromosomes of the original cell.

B)
Meiosis produces 2 daughter cells each identical in 
number of chromosomes to the original cell. D)

Meiosis produces 7 daughter cells each with half the 
number of chromosomes of the original cell.

A) mitotic growth C) mutations resulting from errors in DNA synthesis

B) sexual reproduction D) crossing over of homologous chromosomes during meiosis

27)

Independent assortment is a process where the alignment of homologous chromosomes during meiosis I is random. This process 
contributes to genetic variation, as gamete formation results in unique combinations of genetics. Using the formula shown above, 
calculate the number of unique independent assortment outcomes that could result from meiosis of a cell whose diploid number is 10. 

A) 4 C) 32

B) 16 D) 64

28) Sexual reproduction evolved multiple times in various groups of organisms. Sexual reproduction differs across the various groups,
but almost always involved meiosis followed by gamete release and fertilization. What explains why the phenomenon of sexual
reproduction was under selective pressure to evolve multiple times in groups of organisms?

A) Sexual reproduction produces more offspring in one 
event than asexual reproduction. Greater numbers of 
offspring is a survival advantage.  

C) Sexual reproduction produces genetically diverse offspring. 
Genetically diverse populations are more resilient to 
environmental disturbance and are less likely to go extinct.  

B) Sexual reproduction requires less energy expenditure 
on the part of the organisms and thus provides a
better allocation of resources for the sexually 
reproducing individual.

D) Sexual reproduction limits the genetic variation in a 
population, providing for a mechanism to create genetically 
stable offspring. These offspring are more likely to survive.

29) I. Random fertilization

II. Crossing over of alleles

III. Independent assortment of chromosomes

How does the sexual life cycle of the human species introduce genetic variations? 

A) I, II, and III C) I only

B) I and II only D) I and III only

30)

A model of a specific event during meiosis is shown with various possible combinations. Which statement correctly cites evidence from 
the model to support the idea that meiosis increases genetic diversity?

A) Chromosomes can coil during meiosis, creating a 
combination of alleles that are new.  

C) Chromosomes can replicate during meiosis, producing 
additional DNA with which to pass on to the daughter cells.

B) Chromosomes can mutate randomly during meiosis 
creating new phenotypes in the daughter cells.

D) Chromosomes can align in metaphase I in multiple possible 
arrangements in a process called independent assortment.  

26) The concept of natural selection is a mechanism of evolution where environmental pressures select for phenotypes that exist in
populations based on genetic variation. Which process below would not contribute to the genetic variation in a population of mice?



Mitosis and Meiosis: A Venn Diagram 

 AJ
 

 

 Mitosis                   Both                   Meiosis 

Terms to Include in Venn Diagram: 
(write term or write number for the term) 

 

1. Produces gametes 

2. For growth and development 
3. DNA replication occurs 
4. One cell division 

5. Two cell divisions 
6. Sexual reproduction 
7. Asexual reproduction 
8. Mother cell 2N produces 2 daughter cells 2N 
9. Mother cell 2N produces 4 daughter cells N 
10. Reduction division 
11. Takes places in body (somatic) cells 
12. Haploid daughter cells 
13. Diploid daughter cells 
14. Uncontrolled can result in tumor 
15. Genetic sameness 
16. Genetic variation 
17. Crossing over occurs 


