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CONCEPT: INTRODUCTION TO CELL DIVISION
●Cell Division: process of a single (parent) cell dividing or splitting into ≥ 2 “______________________” cells.
●3 main types of cell division:

11) ______________ Fission: _____________________ cell division.
22) ________________: eukaryotic cell division producing ______________ cells (body cells).
□ Human somatic cells are ________________ (2n) since they have _____ copies of every chromosome.

33) ________________: eukaryotic cell division producing _______________ (sex cells).
□ Human gametes are ________________ (n) since they have _____ copy of every chromosome.
EXAMPLE: Different Types of Cell Division.

PRACTICE: Which of the following statements about cell division is correct?
a) It is the process by which one parent cell divides into 2 daughter cells.
b) It is an unnecessary process once an organism reaches maturity.
c) It is the process by which two sex cells fuse.
d) It occurs in 2 stages of mitosis then meiosis in all types of cells.

PRACTICE: Which one of the following best defines binary fission?
a) The process by which one cell splits into two cells.
b) The process by which one cell splits into four cells.
c) The process by which two cells combine to create a new cell.
d) The process by which gametes are created.
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CONCEPT: INTRODUCTION TO CELL DIVISION
Asexual vs. Sexual Reproduction
●All living organisms must __________________ (or generate offspring) via one of ______ types of reproduction.

11) ____________________ Reproduction: no sexual activity (only _______ parent involved).
□ Only one source of DNA = Genetically _______________ offspring.

22) _________________ Reproduction: sexual activity (_________ parents involved).
□ Two sources of DNA = Genetically _______________ offspring.
EXAMPLE: Asexual vs. Sexual Reproduction

PRACTICE: Asexual reproduction differs from sexual reproduction in that:
a) Asexual reproduction produces genetically diverse offspring.

b) Asexual reproduction occurs only in bacteria.

c) Asexual reproduction produces genetically identical offspring. d) Asexual reproduction does not occur in animals.
Importance of Cell Division
●Cell Division is an important process for reproduction (making more life), fetal development (growth), & tissue repair.

●Before any cell can divide, it must first _______________ its DNA, so each daughter cell can get a copy of the DNA.
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CONCEPT: ORGANIZATION OF DNA IN THE CELL
●Genome: the complete set of _______ of the cell’s DNA.
□ Genetic Material: molecules that determine the inherited traits of an organism (usually (a)
a _______).
□ DNA associates with proteins called (b)
b ______________ to form units called nucleosomes.

c Nucleosomes: units of ______ histone proteins at the core with DNA wrapped around it.
□ (c)
●Nucleosomes in a cell take different forms depending on if the cell is ______-dividing or _______________.
□ (d)
d Chromatin: _________________ packed/coiled nucleosomes in non-dividing cells.
□ (e)
e Chromosomes: ______________ packed, highly condensed, nucleosomes in a dividing cell.
EXAMPLE: Organization of DNA in the Cell.

PRACTICE: A collection of DNA and associated proteins in a cell defines the term:
a) Sister Chromatids.
b) Centromere.
c) Chromatin.
d) Chromosome.
PRACTICE: Choose the option that correctly lists the following genetic material in a dividing cell from smallest to largest.
a) DNA, Chromatin, Nucleosomes, Chromosomes.
b) Chromatin, Nucleosomes, Chromosomes, DNA.
c) DNA, Nucleosomes, Chromatin, Chromosomes.
d) Chromosomes, Chromatin, Nucleosomes, DNA.
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CONCEPT: ORGANIZATION OF DNA IN THE CELL
DNA Replication
●Recall: Before a cell can divide, the DNA must be ____________________ (synthesized/duplicated).
□ DNA Replication: produces an exact __________ of all the DNA in a cell.
□ Converts ______replicated chromosomes à replicated chromosomes with ____ identical “sister” chromatids.
□ Chromatid: ______ of a replicated chromosome joined to another chromatid at the ___________________.

PRACTICE: "Sister chromatids" are:
a) Genetically identical & attached by a centromere.
b) Genetically different & attached by a centromere.
c) Genetically different & attached at the genome.
d) Genetically identical & attached at the chromosome.
PRACTICE: The structures labeled Y in the image below are called:
a) Centromeres.
b) Centrioles.
c) Sister chromatids.

Y

d) Spindles.
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CONCEPT: INTRODUCTION TO THE CELL CYCLE
●Cell ____________: a representation of the events that a cell performs from the moment it is formed to when it divides.
□ Cell cycle is broken down into _____ major phases:

11) _________________: a non-dividing phase for cell growth, DNA replication & production of organelles/enzymes.
□ Includes 4 subphases: ______, ______, ______ & ______.

22) _____ (Mitotic) Phase: a dividing phase that separates the genetic material while producing multiple cells.
□ M Phase = _____________ + Cytokinesis.
□ Mitosis consists of ______ phases which we will discuss later.
EXAMPLE: Phases of the Cell Cycle.

2

1

PRACTICE: Before a cell divides, what must occur?
a) Duplicating the cell’s organelles.

c) Duplicating enzymes needed for cellular division.

b) Replicating the cell’s genome.

d) All of the above must occur before a cell can divide.

PRACTICE: When cells exit either semi-permanently or permanently from the cell cycle and develop a specific function,
they are said to be in _____ phase.
a) G0.

b) G1.

c) G2.

d) G3.

e) S.
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CONCEPT: INTERPHASE
●Recall: Interphase is a ______-dividing stage of cell growth & organelle/enzyme production in preparation for cell division.
□ Makes-up majority of the cell cycle (interphase take a long time), while the M-phase is relatively __________.
Sub-phases of Interphase
●Interphase is separated into ____ sub-phases based on specific events occurring inside the cell:
1)1 ______ (Growth): cell performs its normal functions, growing & producing organelles/enzymes/proteins

2 ______ (Synthesis): DNA ___ynthesis/replication producing replicated chromosomes with 2 sister chromatids.
2)
□ A cytoplasmic protein called the centrosome is also replicated in the S phase.
3)3 ______ (Growth): cell continues growth & produces new proteins required for ______ phase.

3

2

1

● ______ Sub-phase: a non-dividing phase where cells do ________ replicate their DNA nor prepare for division.
PRACTICE: Cells spend the majority of their time in which one of the following phases of the cell cycle?
a) Interphase.

b) Prometaphase.

c) Metaphase.

d) Anaphase.

PRACTICE: The first phase in the cell cycle (G1) corresponds to ___________.
a) The phase between DNA replication and the M phase.

c) The phase in which DNA is being replicated.

b) The beginning of mitosis.

d) Normal growth and cell function.
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CONCEPT: INTERPHASE
PRACTICE: Which pair includes a phase of the cell cycle and a cellular process that occurs during that phase?
a) G1 phase, DNA replication.

c) S phase, cell division.

b) G2 phase, preparation for mitosis.

d) M phase, cell growth.

Centrosomes & Mitotic Spindles
●Recall: During S Phase, cells replicate their DNA & the _______________________.
□ Centrosome: a cytoplasmic protein complex that forms/organizes the _______________ spindle during Mitosis.
□ Mitotic Spindle: microtubule proteins of the cytoskeleton that coordinates division of _____________________.
EXAMPLE: Centrosome is Replicated in the S Phase & Forms the Mitotic Spindle during Mitosis.

PRACTICE: What is the name of the microtubule-organizing center found in animal cells as an identifiable structure present
during all phases of the cell cycle?
a) Spindle.
b) Centromere.
c) Centrosome.
d) Kinetochore.
PRACTICE: What is the role of the spindle fibers during mitosis?
a) They separate the chromosomes.
b) They break down the nuclear envelope.
c) They replicate the DNA.
d) They condense the chromosomes.
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CONCEPT: PHASES OF MITOSIS
●Recall: ______________: the asexual process of dividing the nucleus & the genetic material of a somatic (body) cell.
□ Starts with one diploid cell & ends with ______ genetically identical ____________ cells.
□ Mitosis consists of ______ different phases:

How to Remember the Order of the Phases of Mitosis

PRACTICE: The correct sequence for the phases of mitosis is:
a) Prophase - prometaphase - metaphase - anaphase – telophase.
b) Prophase - prometaphase - anaphase - metaphase – telophase.
c) Prophase - prometaphase - metaphase - anaphase – telophase.
d) Prometaphase - prophase - metaphase - anaphase – telophase.
e) Metaphase - anaphase - interphase - prophase – telophase.
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CONCEPT: PHASES OF MITOSIS
1) Prophase
●Loosely coiled chromatin condenses to form distinct _________________ with sister chromatids linked at the centromere.
□ The nucleolus (location of ribosome synthesis) ____________________ from the nucleus.
□ The two centrosomes migrate to _____________________ poles of the cell & begin forming the mitotic spindle.

2) Prometaphase
●Prometaphase is also sometimes referred to as “___________” prophase.
□ Nuclear Envelope __________________, exposing chromosomes to the cytoplasm.
□ Mitotic spindle links to chromosomes by attaching to ______________________ proteins in the centromere.

PRACTICE: The phase of mitosis where chromosomes condense and centrosomes move to opposite poles of the cell is:
a) Prometaphase.

b) Metaphase.

c) Prophase.

d) Anaphase.

e) Telophase.
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CONCEPT: PHASES OF MITOSIS
PRACTICE: Why does the nuclear envelope break down during prometaphase?
a) To allow the chromosomes to condense.

c) To allow the mitotic spindle to form.

b) To allow the sister chromatids to form.

d) To allow spindle fibers to attach to chromosomes.

3) Metaphase
●_____etaphase: mitotic spindles align chromosomes in the _____iddle of the cell in a ___________ row.
□ The equator or middle of the cell is called the Metaphase __________.

PRACTICE: The mitotic spindle plays a critical role in which of the following processes of cellular division?
a) Splitting the cytoplasm following mitosis.

c) Dissolving the nuclear membrane.

b) Triggering the condensation of chromosomes.

d) Moving the chromosomes within the cell.

PRACTICE: Which of the following events characterizes metaphase of mitosis?
a) I.
b) II.
c) III.
d) I and II.

I. Movement of chromosomes to the equatorial plane (metaphase plate) of the cell.
II. A spindle fiber attaches to each sister chromatid.
III. Separation of sister chromatids that are being pulled to the poles of the cell.

e) All of these

Page 11

BIOLOGY - CLUTCH
CH.12 - CELL DIVISION

CONCEPT: PHASES OF MITOSIS
PRACTICE: Metaphase is characterized by ________.
a) Separation of the sister chromatids.

c) Alignment of chromosomes along the cell’s equator.

b) Separation of the cytoplasm.

d) Alignment of the mitotic spindle along the cell’s equator.

4) Anaphase
●____naphase: sister chromatids are pulled ____part towards opposite ends of the cell.
□ Some parts of the mitotic spindle shorten, pulling chromatids apart, whereas others lengthen, stretching the cell.

PRACTICE: In what way do kinetochore microtubules facilitate the process of splitting the sister chromatids?
a) They use motor proteins to hydrolyze the centromere at specific arginine residues.
b) They create tension by pulling toward opposite poles.
c) They slide past each other like actin microfilaments.
d) They phosphorylate the centromere, thereby changing its conformation.

PRACTICE: Which of the following is a function of the non-kinetochore microtubules?
a) Maintaining an appropriate spacing among the moving chromosomes.
b) Starting the separation of the cytoplasm once the final stage of mitosis is complete.
c) Providing the ATP needed by the kinetochore microtubules to move the chromosomes.
d) Pulling the poles of the cell closer together.
e) Pushing the poles of the cell further apart.
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CONCEPT: PHASES OF MITOSIS
5) Telophase
●The final step of mitosis, telophase, is practically the ___________________ or reverse of prophase & prometaphase.
□ Chromosomes begin to ____________ back to its loose, ________________ state.
□ Mitotic spindle _________________.
□ Nucleolus & nuclear envelope _______________ at each end of the cell to form _______ nuclei.

PRACTICE: The nuclear envelopes form and the mitotic spindles disassembles during telophase in preparation for what?
a) The merging of the two nuclei.
b) The division of the cell into two daughter cells, each with their own nuclei.
c) The division of the cell into four daughter cells, each with half a nuclei.
d) Nothing, the cell now possesses two nuclei and twice the amount of genetic material.
PRACTICE: The circles labeled A to E each represent the chromosomes within a cell during a single phase of mitosis.
Which image is showing one of the newly created nuclei at the end of telophase?
a) A.
b) B.
c) C.
d) D.
e) E.
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CONCEPT: PHASES OF MITOSIS
PRACTICE: At which phase of the cell cycle do centrosomes begin to move apart in animal cells?
a) Anaphase.
b) Metaphase.
c) Telophase.
d) Prophase.

PRACTICE: Scientists isolate cells in various phases of the cell cycle. They isolate a group of cells that have 1 1/2 times
more DNA than G1 phase cells. What is the most likely part of the cell cycle from which these cells were isolated?
a) between the G1 and S phases in the cell cycle.
b) in the G2 phase of the cell cycle.
c) in the M phase of the cell cycle.
d) in the S phase of the cell cycle.

PRACTICE: If there are 40 centromeres in a cell at anaphase of mitosis, how many chromosomes will be found in each
daughter cell following cytokinesis?
a) 10.
b) 20.
c) 40.
d) 80.

PRACTICE: Taxol is an anticancer drug extracted from the Pacific yew tree. In animal cells, Taxol prevents microtubule
depolymerization (breaking down). Thus, Taxol stops mitosis by interfering with which ofthe following structures or
processes?
a) The mitotic spindle.
b) Cytokinesis.
c) DNA replication.
d) Chromosome condensation.
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CONCEPT: CYTOKINESIS
●Mitosis divides the nucleus but is followed by ______________________ to produce two identical daughter cells.
□ Cytokinesis: division of the ___________________, separating one cell into two cells.
□ Animal & plant cell cytokinesis ____________ in their mechanism.
Animal Cell Cytokinesis
●In animal cells, cytokinesis forms a _________________ furrow.
□ Cleavage Furrow: small indentation of ___________ microfilaments & myosin at the center of a dividing cell.
EXAMPLE: Cytokinesis in Animal Cells.

EXAMPLE: Why is cytokinesis an important part of cell division?
a) It is responsible for the proper separation of genetic information.
b) It is responsible for the proper separation of the cytoplasmic contents.
c) It is responsible for the linking of two sister chromatids.
d) It is responsible for the growth & production of new organelles & other cytoplasmic contents.

PRACTICE: In animal cell cytokinesis, a cleavage furrow is ________.
a) A ring of vesicles forming a cell wall.
b) The equatorial line which chromosomes align along during mitosis.
c) A groove in the plasma membrane between daughter nuclei.
d) The space that is created between two chromatids during anaphase.
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CONCEPT: CYTOKINESIS
Plant Cell Cytokinesis
●Recall: Unlike animal cells, plant cells are surrounded by a cell ________.
●In plant cytokinesis, _____________ from the golgi carry materials to generate a cell plate & separate each daughter cell.
□ Cell Plate: ________________ to the fully developed cell wall.
EXAMPLE: Cytokinesis in Plant Cells.

PRACTICE: Which of the following are primarily responsible for cytokinesis in plant cells?
a) Kinetochores.
b) Golgi-derived vesicles.
c) Actin and myosin.
d) Metaphase plate.
e) Centrosomes.

PRACTICE: FtsZ is a bacterial cytoskeletal protein that forms a contractile ring involved in binary fission. Its function is
analogous to ________.
a) the cleavage furrow of eukaryotic animal cells.
b) the cell plate of eukaryotic plant cells.
c) the mitotic spindle of eukaryotic cells.
d) the microtubule-organizing center of eukaryotic cells.
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CONCEPT: CELL CYCLE REGULATION
●Cell division is controlled/activated by a variety of cellular signals in the form of proteins called _____________ factors.
□ Growth factor: a biological substance that ________________ cell division.
●Also, multiple Cell Cycle “___________________” prevent the cell from entering the next phase prematurely.
□ If an error is detected at any checkpoint, a protein called p53 can trigger repair or _______________ (cell death).
□ A cell that “ignores” cell cycle checkpoints can lead to _________________.
Cell Cycle Checkpoints
●______ major checkpoints control the progress of the Cell Cycle:
□ These checkpoints don’t need to be memorized if you understand the cell cycle.
1)1 ______ Checkpoint: the cell fixes damaged/mutated DNA in preparation for DNA replication in the S phase.
2)2 ______ Checkpoint: confirms proper _____________________ of genetic material & attempts to fix any errors.
3)3 ______ Checkpoint: ensures all enzymes & proteins needed for mitosis & cytokinesis are available.
3)
4 ______ (Metaphase) Checkpoint: confirms that all chromosomes are aligned & spindle fibers are attached properly.
EXAMPLE: Checkpoints of the Cell Cycle.

4

3

2

1
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CONCEPT: CELL CYCLE REGUALTION
PRACTICE: What is the purpose of cell cycle checkpoints?
a) To coordinate a cell’s specialization for its role in particular tissues.
b) To prevent the cell from pausing the cell cycle when problems are detected.
c) To ensure that cells containing errors in their DNA do not undergo apoptosis.
d) To coordinate movement of vesicles through the cell.
e) To ensure that a cell only proceeds to the next phase in the cell cycle if it is ready.

PRACTICE: Checkpoints within the cell cycle:
a) Are located within interphase and allow entry to G0.
b) Are located within G1, S and G2.
c) Are located within G1, M and G2.
d) Are located within G1, M, S and G2.
e) Are located within all the phases of the cell cycle.

PRACTICE: The M phase checkpoint ensures that all chromosomes are attached to the mitotic spindle. If this does not
happen, cells would most likely be arrested in ________.
a) Telophase.
b) Prophase.
c) G2.
d) Metaphase.
PRACTICE: Which of the following cell cycle checkpoints ensures that the genetic material is fully replicated before mitosis?
a) G0.
b) M.
c) G1.
d) G2.
e) S.

Page 18

BIOLOGY - CLUTCH
CH.12 - CELL DIVISION

CONCEPT: REVIEW OF THE CELL CYCLE
Memorizing the Steps of the Cell Cycle

Reviewing the Cell Cycle
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CONCEPT: REVIEW OF THE CELL CYCLE
PRACTICE: Movement of the chromosomes during anaphase would be most affected by a drug that:
a) Prevents the formation of a cleavage furrow.
b) Prevents the formation of the nuclear envelope.
c) Prevents elongation of microtubules.
d) Prevents shortening of microtubules.

PRACTICE: Cytokinesis usually follows mitosis. If a cell completed mitosis but not cytokinesis, the result would be:
a) A cell with a single large nucleus.
b) A cell with high concentrations of actin and myosin.
c) A cell with two abnormally small nuclei.
d) A cell with two completely identical nuclei.
e) A cell with two non-identical nuclei with half the amount of DNA.
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CONCEPT: CANCER
●Cancer: a disease characterized by ______________________ cell division leading to development of malignant tumors.
□ Tumors: an __________________ of cells (an abnormal mass of tissue) that can cause health complications.
1) Malignant Tumors: an overgrowth of cancerous cells that migrate (_______________) to other organs.
2) Benign Tumors: an overgrowth of cells that do ________ migrate (remain at the same site).

PRACTICE: The difference between benign and malignant tumors is:
a) Malignant tumors do not spread to other sites.

c) Benign tumors have not spread to other sites.

b) Benign tumors have not lost growth control.

d) Benign tumors have not spread to other sites.

Types of Genes Regulating Cell Growth
●In a healthy, normal cell, _______ types of genes regulate cell growth:
1) __________-oncogene: provide signals that promote appropriate cell division (green light for cell division).
2) Tumor-_________________ Gene: provide signals to inhibit cell division (red light for cell division).
□ ________ serves as a tumor-suppressor gene.

Cell Division
“Gas”

Cell Division
“Brakes”

●_________________ in either of these types of genes can lead to the development of cancer.
□ Though proto-oncogenes are essential, they are susceptible to mutations that generate _________________.
□ Oncogene: ____________ gene that promotes unrestrained cell growth (cancer).
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CONCEPT: CANCER
PRACTICE: Which of the following processes do normal proto-oncogenes typically exhibit?
a) They normally suppress tumor growth.
b) They enhance tumor growth.
c) They stimulate normal cell growth and division.
d) They are underexpressed in cancer cells.

PRACTICE: When activated by signals in the cell, Protein X can stop cells from growing and dividing into new cells. What
type of gene codes for Protein X?
a) Oncogene.
b) Tumor-suppressor gene.
c) Protein kinase gene.
d) Protein Vesicle gene.
e) Proto-oncogene.
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