
The Cell Cycle & 

Genetics

It has not been very long that we have 

understood how a cell reproduces… Yet 

already we have accomplished the feat of 

manipulating and recreating this process in 

a laboratory



Cellular Division

• Cytokinesis the actual process of cell 

division 

• However, there is more to cellular 

reproduction than just dividing the cells

• Cells are unique in their ability to replicate 

genetic information making perfect copies 

• It is also through these division processes 

that organism reproduction can occur



Sperm, Egg, & Other

• Sperm and egg are male and female 

reproductive cells, termed Gametes 

• The gamete cells have only half of the genetic 

material of a somatic cell

• All of the other cells in a body are termed 

somatic cells (body-belonging)

• This reduction of genetic material (in gametes) 

happens during a process called Meiosis

• The creation of somatic cells occurs during a 

process called Mitosis



Gametes



Cell Cycle

• Cells do not divide continuously, instead 
they cycle between a dividing phase 
(Mitotic or M-phase) and a non dividing 
phase (Interphase)

• There is also a separate phase in which 
the DNA is synthesized in the cells called 
S-Phase

• Laboratory grown cells found that

• M-phase generally lasts about 30 minutes

• Interphase phase usually lasts about a day



4 Phases of the Cell Cycle

• Consider the cycle starting with an initial “Growth 

step” called First Gap (G1)

• The next step is when the DNA inside the cell 

begins to synthesize called the “S Gap” (S1)

• Then there is a final “growth step” called 

Second Gap (G2)

• The final step is cellular division, this is when 

Mitosis or Meiosis occur.  (M)

• **The Gap phases differ greatly in time 

depending on the organism



Cyclin, CDK, & Growth Factors
• Cyclin & CDK are proteins that are only 

found in a cell during M phase.

– This group of proteins regulates each step of 

the cell cycle

– It is these proteins that make sure that cells 

have met all of the requirements needed to 

move to the next step of the cell cycle

• Growth Factors (external regulators)

are proteins that work with Cyclin to 

indicate if cell division is necessary

– These can be triggered by a wound…



Telomerase & Telomeres

• What regulates the cell cycle’s speed?

– As it turns out, there is a small portion at the 

tip of each chromosome “leg” called the 

Telomere

– The Telomere is required for DNA replication, 

because it is used as an attachment point

• However, the tip of the chromosome is far more 

likely to be damaged (and fray like a shoelace)

– The telomere is protected by a protein called 

Telomerase that acts like a shoelace aglet.

– As the aglet “shrinks” the cell cycle slows
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DNA to Chromosomes

• It is important to remember, that during the 

LONGEST phase of the cell cycle (G1), 

the DNA is in the form of chromatin.

• They only take on the “X” appearance 

after S phase, when the DNA has been 

Copied.

– Its also important to remember that one arm 

of the “X” is the original chromosome and the 

other should be an IDENTICAL copy!



Chromosomes

• One of the threadlike "packages" of genes and 
other DNA in the nucleus of a cell. 

• Different kinds of organisms have different 
numbers of chromosomes. Humans have 23 
pairs of chromosomes, 46 in all: 44 autosomes 
and two sex chromosomes. 

• Each parent contributes one chromosome to 
each pair, so children get half of their 
chromosomes from their mothers and half from 
their fathers 



Human Chromosomes
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Karyotype



A Focus on “M” Phase

• The focus of this chapter (an extremely 

important part of cell division) is what 

happens during M-phase

– Remember that M-phase of somatic cells go 

through Mitosis and should end with an 

identical copy of the original cell

– M-phase of gametic cells (sex cells) go 

through meiosis and should end with Haploid 

cells (Ch. 11)



Mitosis
• Mitosis is the reproduction of somatic cells.

• It consists of 5 steps not including 

Interphase or Cytokinesis

• These steps include:

– Prophase

– Prometaphase (Not in your book)

– Metaphase

– Anaphase

– Telophase



Prophase
• Chromosomes become more coiled and can be viewed 

under a light microscope.

• Each duplicated chromosome is seen as a pair of 
“sister” chromatids joined by the centromere.

• The nucleolus disappears during prophase.

• In the cytoplasm, the mitotic spindle, forms between 
the two pairs of centrioles as they migrate to opposite 
poles of the cell.

• The nuclear envelope disappears at the end of 
prophase. 



Prometaphase

• In prometaphase, the spindle enters the 

nuclear area. 

• Specialized structures called kinetochores

have formed on the centromeres of the 

chromosomes by this time; 

• During prometaphase, spindle attach to the 

kinetochores. 

• At the end of prometaphase, each 

chromosome should be attached to a 

microtubule



Anaphase
• Anaphase begins when the centromeres of 

each pair of sister chromatids separate,

• The now-”daughter” chromosomes begin moving 
toward opposite poles of the cell due to the 
action of the spindle.

• Depending where the centromere is located 
along the chromosome, a characteristic shape 
appears during chromosome movement. The 
two shown above give V and J shapes.

• At the end of anaphase, a complete set of 
chromosomes has assembled at each pole of 
the cell.



Telophase

• The chromosomes assemble in sets at the two 
poles.

• The chromosomes begin to uncoil and 
eventually return to the chromatin stage of 
interphase.

• A nuclear envelope reforms around each 
chromosome set, the spindle disappears, and 
the nucleolus reforms. 

• Nuclear division by mitosis is complete at this 
point.



Cytokinesis

• Cytokinesis is the division of the cytoplasm
– This is usually is in progress before nuclear division is 

complete.  (Usually starts during Anaphase)

• In animal cells, cytokinesis involves the 
formation of a cleavage furrow resulting in the 
pinching of the cell into two.

• In plants, a cell plate develops, dividing the two 
cells with what will become new cell wall

• Keep in mind that Cytokinesis is not a stage of 
mitosis (nuclear division) but rather is the 
division of the actual cell



Stem Cells

• A stem cell is a “blank cell” that has the 

ability to become ANY of your 220 types of 

cells

– There was a time, when you were about 12 

days old (12 days after conceived) that you all 

looked the same:



Stem Cell Differentiation

• These “embryonic” stem cells receive 

electrical signals that allow them to 

differentiate into any of your cell types

– However, once they differentiate, they will 

remain that cell type permanently

• Some areas of your body (like skin and 

blood) have adult stem cells which have 

the ability to create a handful of different 

cell types



Induced Pluripotent Stem Cells

• ipsStem Cells are and AMAZING new 

discovery that is changing science!

– Up until a few years ago, stem cells were a 

one way street

– However, a few years ago a scientist from 

Japan discovered a way to dedifferentiate

adult (unipotent) cells back to stem cells

– What can we do with this technology?!?!?


