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3 different kinds of microtubules













Figure 2. The mitotic spindle at metaphase. At metaphase, the chromosomes align at the spindle equator. Each sister 
chromatid of the chromosome is attached to kinetochore microtubules (shown in green). These microtubules emanate from the 
centrosomes at spindle poles and attach to the chromosomes at the kinetochores (one for each sister chromatid). 
In addition to the kinetochore microtubules, there are two other distinct types of microtubules in the spindle: the polar microtubules 
(shown in red), which grow out from the centrosomes and have opposing microtubules overlapping at the spindle equator; and the 
aster microtubules (shown in blue), which grow out from the centrosomes toward the cortex of the cell. For all three types of 
microtubules, the minus ends are at the centrosomes and the plus ends (indicated as +) grow away from the centrosomes.



Figure 3.  The mitotic spindle at anaphase A. During anaphase A, the pairs of sister chromatids are separated and move 
toward the spindle poles. This occurs through the action of the kinetochore microtubules (illustrated in the inset). These 
microtubules shorten at their plus ends, while the motor proteins attached to the kinetochores of the chromatids travel 
toward the minus ends; thereby, the sister chromatids remain attached to the shortening microtubules.



Figure 4.  The mitotic spindle at anaphase B. During anaphase B, the spindle poles move further apart. This occurs through the combined action of the polar 
microtubules and the aster microtubules. 

The action of the polar microtubules is shown in the inset on the right. Overlapping polar microtubules grow by polymerization at their plus ends, while the cross-
linked motor proteins travel toward the plus ends, thereby pushing the overlapping polar microtubules past each other and the spindle poles further apart. The action 
of the aster microtubules is shown in the inset to the left. The aster microtubules depolymerize at their plus ends, while the motor proteins linked to the cell's cortex 
travel toward the minus ends, thereby pulling the attached spindle poles closer to the cortex and further apart from each other.
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Mitosis: The Distribution of EXACT COPIES of Genetic Information, whereby a single cell, 
gives rise to two genetically “identical” cells: but more specifically, a single nucleus gives rise 
to two genetically “identical” nuclei, one for each of the two new daughter cells.

• Variation of cells is principally due, therefore to the "forces of evolution" that we have discussed 
previously...  

• NS, GD, GF and Muts,-as well as other potential environmental effects.

Asexual reproduction involves the generation of a new individuals that are effectively genetically 
“identical” to the parent.  It involves a cell or cells that were generated by mitosis.



Eukaryotic Life Cycles (1/2)



Eukaryotic Life Cycles (1/2)



16 chromosomes Haploid 
32 chromosomes Diploid 

16 pr of chromosomes (D)

64 Chromosomes Diploid 
32 or 33 chromosomes 
31 pr of autosomes 
XX and XY

46 Chromosomes Diploid 
23 or 24(?) chromosomes Haploid 
22 pr. of autosomes 
         XX and XY



Eukaryotic Life Cycle in Animals



16 chromosomes Haploid 
32 chromosomes Diploid 

16 pr of chromosomes (D)

64 Chromosomes Diploid 
32 or 33 chromosomes 
31 pr of autosomes 
XX and XY

46 Chromosomes Diploid 
23 or 24(?) chromosomes Haploid 
22 pr. of autosomes 
         XX and XY



Karyotyping



16 chromosomes Haploid 
32 chromosomes Diploid 

16 pr of chromosomes (D)

64 Chromosomes Diploid 
32 chromosomes 
31 pr of autosomes 
         XX and XY

46 Chromosomes Diploid 
23 chromosomes Haploid 
22 pr. of autosomes 
         XX and XY

46 Chromosomes Diploid 
23 chromosomes Haploid 
22 pr. of autosomes 
         XX and XY

16 chromosomes Haploid 
32 chromosomes Diploid 

16 pr of chromosomes (D)
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Budding Yeast  
S. cerevisiae 
~90 min doubling time (haploid) 
Mitosis

Budding Yeast  
S. cerevisiae 
~90 min doubling time (haploid) 
Mitosis





up to 24 days

~few hours 
  to a few 
  of days





Primary oocyte

Beginning in puberty, each 
month one of the follicles and 
its primary oocyte start to 
mature…  

The primary oocyte resumes 
metaphase I of meiosis and 
divides to form the 
secondary oocyte. 



Beginning in puberty, each 
month one of the follicles and 
its primary oocyte start to 
mature.   

The primary oocyte resumes 
meiosis and divides to form 
the secondary oocyte. Primary  

oocyte 
(diploid)



Beginning in puberty, each 
month one of the follicles and 
its primary oocyte start to 
mature.   

The primary oocyte resumes 
meiosis and divides to form 
the secondary oocyte. 

Once one of the daughter cells becomes the 
secondary oocyte the other cell forms the 
first polar body.  

Once one of the daughter cells becomes the 
secondary oocyte the other cell forms the 
first polar body.  

The secondary oocyte then commences 
meiosis II,  which arrests at metaphase II… 
and will not continue without fertilization.  

At fertilization Meiosis II completes - forming 
the Ovum and second polar body





































Gregor Mendel's hypotheses: 

1. Hereditary determinants are of a particulate nature. Each genetic 
trait is governed by unit factors , which "hang around" in pairs (or 
gene pairs) within individual organisms. 

2. When two different unit factors governing the same phenotypical trait 
occur in the same organism, one of the factors is dominant over the 
other one, which is called the recessive trait. 

3. During the formation of gametes the "paired" unit factors separate or 
segregate randomly so that each gamete receives either one or the 
other of the two traits, but only one. 

4. The union of one gamete from each parent to form a resultant zygote 
is random with respect to that particular characteristic. 

5. During production of gametes, only one of the "pair members" for a 
given character passes to the gamete. 

6. When fertilization occurs, the zygote gets one from each parent, 
thus restoring the pair.

http://www.accessexcellence.com/AB/BC/Gregor_Mendel.html














Mendel's 1st law-  the law of segregation

Mendel's 2nd law- the law of random assortment 


