
E-Study material 
For 1st Semester Botany Honours (CBCS) 

Course Code: BC102 T 

Core Course II: BIO-MOLECULES AND CELL 

BIOLOGY 

Unit 5: Cell Division 

Topic: Meiosis 
 

 

 

                 

Debajit Saikia 

Assistant Professor 

Department of Botany 

CNB College, Bokakhat 

 
Meiosis 

 
Definition: Meiosis is a complex cell division process in which the diploid 
number of chromosome of the mother cell is reduced to haploid number of 
chromosomes in the four daughter cells.  
 
Occurrence: Takes place in the eukaryotic diploid germ cells of the animals. 
These cells are called Meiocytes. The meiocytes of plants are called sporocytes 
(Microsporocytes in male plant and megasporocytes in female plant). In 
animals the meiocytes of the gonads are called gonocytes, which may be 
spermatocytes in male and oocytes in female.  
 
Types of Meiotic Division:  
Meiosis can be classified into three types on the basis of the type of cell where 
it takes place:-  
[1] Zygotic or Initial Meiosis: The process of meiosis that takes place 
immediately after the fomation of zygote by syngamy ego In lower plants like 
diatoms and certain fungi and some sporozoan animals.  
[2] Gametic or, Terminal Meiosis: The meiotic process occuring at the time 
of gamete formation (Spermatogenesis and Oogenesis). ego lower plants and 
higher animals.  

 



[3] Sporic or Intermediary Meiosis: The meiotic process occuring at the 
time of spore formation in lower plants as well as flowering plants by micro 
sporogenesis or megasporogenesis. 
 
Substages of meiosis: 

 
Meiosis is divided in to First meiotic and second meiotic division. The first 
Meiotic division is called Heterotypic division which reduces the chromosome 
number into two haploid daughter cells. The second Meiotic division is called 
Homotypic division (Equational division) as it produces four haploid cells 
from the two haploid parental cells.)  
 
[I] First Meiotic Division:  
 The process of meiosis actually starts in the Interphase. The first Meiotic 
division has the following divisional stages:  
Prophase-I,  
Metaphase-I,  
Anaphase-I,  
Telophase-I and  
Cytokinesis I.  
[A] Prophase - I :  
The meiotic prophase - I division is very important from cytological points 
and is the longest of all meiotic stages which includes six substages, viz.  
(1] Proleptotene or Proleptonema  
[2] Leptotene or Leptonema  
[3] Zygotene or Zygonema  



[4] Pachytene or Pachynema  
[5] Diplotene or Diplonema and  
[6] Diakinesis  
 

                    
 
 
Description of Substages :-  
 [1] Leptotene: (Gr. leptas = thin, nema = thread)  
 
Definition: The chromosomes appear as single thread like structures 
bearing chromomeres. Leptotene is the first visible step. The meiocytes 
together with their nuclei appear longer and prominent than the neighbouring 
cells.   

1. Nucleus becomes dehydrated, chromatin network loosens to form thin, 
uncoiled, slender chromosomes.  

2. Chromosomes have a definite configuration and their granular 
chromomeres are arranged at irregular intervals along their length.  

3. In some plant cells, the chromosomes clump at one side of the nucleus 
which is called syngenesis (synaptic knot).  



4. In animal cells, the bouquet stage or polarised stage occur due to 
specific orientation of chromosome in such a way that their converged 
ends form multiple loops of chromosomes on one side of the nucleus.  

5. In animal cells, the divided centrioles gradually move towards the two 
opposite poles, 180' apart.  

(2) Zygotene or Zygonema : (Zygon == adjoining)  
 
Definition: A stage in which pairing of homologous chromosomes and 
formation of synaptonemal complex takes place.  

1. Homologous chromosome pairs length wise by the phenomenon of 
synapsis. And the bivalent condition is formed. 

2. The process of synapsis starts at one or more points along the length of 
the chromosome. 

3. During synapsis, an axial differentiation occurs in between the 
chromosomes which is in the form of a 0.2 milimicron protein band and 
it is termed as Synaptonemal complex.. The S.C. stabilizes the 
homologous chromosomes and facilitates crossing over. 

4.  The shortening and thickening of the chromosomes continue and the 
nucleolus is still visible.  
 

(3) Pachytene or Pachynema: (Gr. Pachus = thick).  
 
Definition: The stage in which crossing over and recombination of 
chromosome parts or genes between homologous chromosomes takes 
place.    

1. The bivalent chromosomes become more prominent due to continuous 
thickening and shortening but they may remain in spirally twisted 
condition.  

2. At the mid-pachytene stage, each of the homologous chromosomes 
cleaves longitudinally except at the centromeric region. Chromatids of 
the same chromosome are called sister chromatids.  

3. The four-chromatid condit,ion of a bivalent is known a.s tetrad.  
4. Even at this stage, the chromosomes of a bivalent may remain in 

intertwined condition. , the crossing over (C.O) takes place at this 
stage.  

5. The Nucleolus still remain attached with the Nucleolar organisation 
region of a particular chromosome.  
 



(4)  Diplotene or Diplonema : (Gr. Diplo == Double; Nema == thread)  
 
Definition: The stage of meiosis in which the nonsister chromatids of 
homologous chromosomes touch each other followed by their separation.  
 

1. Separation of paired homologous chromosomes (desynapsis) is 
initiated. But it is not completed because the chromosomes are held 
together at one or more points at which C.O. has taken place. These 
points of attachment of homologous chromosomes are called chiasmata 
(sing. chiasma).  

 
( Chiasma: Definition: It is a cross like configuration due to the attachment of 
nonsister chromatids of a bivalent, originated as a result of crossing over. 
Chiasma is the morphological expression of crossing over. The formation of one 
chiasma at the Diplotene stage results in the formation of a crosslike 
configuration of the bivalent. The formation of two chiasmata results in the 
formation of a ring while due to multiple chiasmata, the bivalent forms a series 
of loops.) 
 

2. The chromosomes become more shorter, thicker and the nucleolus is 
less distinct.  

3. The terminal chiasmata slip off from the ends of chromatids by the 
process of Terminalization and its place is taken up by interstitial 
chiasmata .  

4.  The member of chiasmata gradually decreases and the process of 
terminalization is continued (up to the next phase).  

5. The chromatids show some amount of infolding and RNA synthesis.  
6. At the chiasma point, the bivalent arm begins to rotate (180° for, one 

chiasma in short chromosomes forming a cross and 90° by more 
chiasmata in long chromosomes forming a loop). 

 
(5) Diakinesis :  
Definition: The last sub-stage of meiotic prophase I, in which reduction in 
number of chiasmata takes place.  
 

1. Nucleolus gets detached from the nucleolus organiser of a particular 
chromosome and it ultimately disappears.  

2. Bivalents become more contracted.  
3. Terminalization and rotation continues.  



4. At the end of this stage the nuclear membrane disappears. 
 

A. MetaPhase - I:  
1. Homologous pair of chromosomes are arranged on the equatorial plane 

in such a way that their centromeres remain on the two sides of the 
metaphase plate directed towards the opposite poles while their 
chromatids remain at the metaphase plate.  

2. Repulsive forces between the-nomologous chromosomes increase 
which tend to separate them.  

 
B.  Anaphase - I  

 
1. Each of the Homologous chromosomes with their two chromatids and 

undivided centromere (dyad) moves to the respective poles by the 
process of disjunction.  

2. The chromosomes are distinctly separated into chromatids united at the 
centromere.  

3. Chromosomes at each pole is reduced to half of the meiocyte (haploid) 
because of disjunction.  

4. One of the two chromatids remains unchanged (parental type) while the 
other one is changed (recombinan type) because of crossing over. 

 
C. TELOPHASE-I  

 
1. Chromosomes reach the two poles and nuclear membrane is 

reorganised.  
2. Chromosomes become despiralised, nuclear reticulum and nucleolus 

reappears.  
3. The two daughter nuclei are formed on the opposite poles with haploid 

number of chromosomes after the reduction of chromosome number.  
4.  The chromatin thread disappear due to hydrated condition of the 

nucleus 
 
Cytokinesis I :  
 
(i) The process of cytokinesis is like that of mitosis.  
(ii) The daughter cells have half the chromosome number of the parent cell.  
(iii) The two daughter cells quickly pass on to the second meiotic division 
after a very short resting period.  



               
[II] Second Meiotic Division:  
 
The two haploid cells formed as a result of first meiotic division undergoes the 
second meiotic division to produce four identical haploid cells. The different 
stages of Second Meiotic division are Prophase, Metaphase, Anaphase, 
Telophase and Cytokinesis. 
 



     
[al Prophase II. : 
1. The chromosomes are visible again because of debydration.  
2. The chromosomes do not exist in pairs but is made up of two chromatids 

and a centromere.  
3. Chromatids remain free from each other (difference with mitotic 

prophase).  
4. The spindle fibres appear at right angles to the spindle of first meiotic 

division towards the end of this stage. In animal cell, the centrosome 
divide and forms the centriolar spindle.  

5. The nucleolus and nuclear membrane disappear.  
 
(b) Metaphase II :  
1.  The chromosomes are arranged along the equatorial line of the spindle 
fibres.  
2. The centromeres remain on the metaphase plate while the chromatids are 
extended towards the poles.  
3. The centromeres are attached to the spindle fibres.  
 
[C] Anaphase II :  
1. The chromosome divide longitudinally with each half having single 
chromatid and half of the centromere.  



2. The separated chromatids move to the opposite poles due to the shortening 
of chromosomal microtubules and thus anaphasic movement of chromosomes 
are initiated.  
 
[d] Telophase II:  
 1. The daughter chromosomes reach the opposite poles.  
2. The endoplasmic reticulum resynthesizes the nuclear membrane.  
3. The nucleolus organizer synthesize r-RNA and ribosomal protein and forms 
the nucleolus.  
4. Four daughter nuclei with haploid number of chromosomes are formed. 
5. The nucleus becomes hydrated and the chromosomes disappear. 
 
[e] Cytokinesis II :  
 
The products of second Meiotic division are always four haploid cells with 
their chromosomes composed of both parental combination and new 
recombination traits. They become the functional gametes of higher 
organisms and undergoes sexual union to restore the original diploid 
chromosome status.  
 
Q. Discuss th significance of Meiosis:  
Ans: 
 
[1] Meiosis maintains the chromosome number in a particular species through 
subsequent generations.  
[2] It is an essential process for the perpetuation of sexually reproducing 
species.  
[3J Recombinations of hereditary units (genes) of different chromosomes take 
place through crossing over.  
[4]  The  various recombinations of genes produce variations within an 
organism which after a prolonged period can result into evolution.  

 


