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MEIOSIS

Introduction

Cell division is a very important process in all living organisms. Cell division is the process by
which a parent cell divides into two or more daughter cells. In eukaryotes there are two types of
cell divisions namely, mitosis which takes place in somatic cells and meiosis which takes place
in germ cells.

The meiotic cell division is characteristic of all plants and animals that reproduce sexually and it
takes place during gametogenesis i.e. during gamete formation. Meiosis is a special type of cell
division found in germ cells, by which the number of chromosomes is reduced to half. When the
haploid gametes unite during fertilization, the resulting zygote is diploid maintaining the original
diploid set of chromosomes.

Discovery of meiosis

Oskar Hertwig described for the first time the fusion of egg and sperm in the transparent sea
urchin egg in 1876.

Occurrence of meiosis

Meiosis occurs in the diploid cells, which are destined to form gametes. It is called the reduction
division since it reduces the chromosome number by half while making the gametes. In sexual
reproduction when the two gametes fuse the chromosome number is restored to the value in the
parent.  

Stages of meiosis

Meiosis is divided into two phases – meiosis I and meiosis II. In the first meiotic division the
homologous chromosomes pair to form bivalents, and undergo crossing over. Meiosis I has a
long  prophase,  which  is  divided  further  into  five  phases.  These  are  preleptotene,  leptotene,
zygotene, pachytene, diplotene and diakinesis. During metaphase I the bivalents arrange on the
equatorial plate. This is followed by anaphase I in which homologous chromosomes move to the
opposite poles with both their sister chromatids. Each pole receives half the chromosome number
of the parent cell. In telophase I, the nuclear membrane and nucleolus reappear. Meiosis II is
similar to mitosis. During anaphase II the sister chromatids separate. At the end of meiosis II
four haploid cells are formed.

Thus in the first meiotic division, the homologous chromosomes separate whereas in the second
meiotic division, the sister chromatids separate. There is a short interphase in between these two
meiotic divisions but here no replication of DNA occurs.

https://en.wikipedia.org/wiki/Cell_(biology)


The successive meiotic stages are as follows-

                          Meiosis I                                        Prophase I                      Preleptotene
                                                                                                                         Leptotene   
                                                                                                                         Zygotene
                                                                                                                         Pachytene
                                                                                                                         Diplotene
                                                                                                                         Diakinesis
 

Metaphase I

                                                                                  Anaphase I

                                                                                  Telophase I

   Meiosis              Interphase     

                                                                                   Prophase II         

                                                                                   Metaphase II

                            Meiosis   II                                     Anaphase II

                                                                                   Telophase II               

                                                            

 Meiosis I 

 Prophase I

Preleptotene- Chromosomes are extremely thin and difficult to observe.

Leptotene- Chromosomes become more apparent by coiling, consisting of two chromatids. The
chromosomes show bead like thickening known as chromomeres at irregular intervals along their
length.  The  size,  number  and  position  of  the  chromomeres  for  a  particular  chromosome  is
characteristic of that chromosome, hence, can be used to identify a specific chromosome of an
organism. The chromosomes become progressively shorter by coiling.



Zygotene- The homologous chromosomes become aligned and undergo pairing gene by gene
over the entire length of the chromosome. This process is called as synapsis of the chromosomes.
Each pair of homologous chromosome is known as bivalent.

Pachytene- The paired chromosomes become shorter and thicker, and each one of them split
into  two sister  chromatids  except  at  the  centromere  forming  the  tetrad.  The tetrad  has  four
chromatids, two from each of the two homologous chromosomes. They lie parallel to each other.
During pairing and tetrad formation, an exchange of genetic material i.e.  crossing over occurs
between non-sister chromatids of the same tetrad. It provides hereditary variations for organic
evolution.
To perform the act of crossing over, each of the two non-sister chromatids of a tetrad breaks at
an identical point. According to Stern and Hotta (1969), the breaks in the chromatids are caused
by endonuclease enzyme. Each broken chromatid segment unites with the non-sister chromatid
of its own tetrad with the help of the enzyme ligase. The point of interaction of genes is visible as
‘X’ shaped chaisma. There may be more than one chaisma formation in a tetrad. 
Pachytene is usually a long lasting stage of prophase I. A little amount of DNA synthesis takes
place during crossing over process to repair broken chromosomes.

Diplotene- The beginning of  diplotene is  recognised by the dissolution of the synaptonemal
complex  and the  tendency of  the  recombined  homologous  chromosomes  of  the  bivalents  to
separate from each other except at the sites of crossovers. The non-sister chromatids separate
progressively from centromere towards the chaisma and the chaisma itself moves towards the
end of the tetrad. The movement of chaisma is called terminalisation. 

Diakinesis- 
This  is  marked  by  the  completion  of  terminalisation  of  chiasmata.  During  this  phase  the
chromosomes are fully condensed and the meiotic spindle formation is well under the way. By
the end of diakinesis, the nucleolus disappears and the nuclear envelope also breaks down. 

Metaphase I

The bivalent chromosomes align on the equatorial  plate.  The microtubules from the opposite
poles of the spindle attach to the pair of homologous chromosomes.

Anaphase I

In contrast  to  mitotic  anaphase  in  which  separation  of  sister  chromatids  occurs,  the  meiotic
anaphase is characterized by the separation of the homologous chromosomes, while the sister
chromatids remain associated at their centromeres.
Thus, each pole of the dividing cell receives either a parental or a maternal chromosome. This
ensures a change in chromosome number from diploid to haploid in the resultant reorganized
daughter nuclei.



Telophase I

The chromosomes may persist for a time in condensed state, but later on decoil. The nuclear
membrane and nucleolus are reconstituted and cytokinesis follows to produce two haploid cells.

The stage between the two meiotic divisions is a short interphase in which no replication of DNA
occurs. Interphase is followed by meiosis II.

Meiosis II- In contrast to meiosis I, meiosis II resembles a normal mitosis.

Prophase II

The chromosomes again become compact. The nucleolus disappears and the nuclear membrane
disintegrates, followed by formation of spindle by the end of prophase II. 

Metaphase II

At  this  stage,  the  dyads  (chromosomes  with  two  chromatids)  align  at  the  equator  and  the
microtubules from opposite poles of the spindle get attached to the kinetochores of the sister
chromatids.

Anaphase II

It  begins with the simultaneous splitting of the centromere of each chromosome (which was
holding the sister chromatids together), allowing the sister chromatids to move toward opposite
poles of the cell.

Telophase II

At this stage, the two groups of chromosomes once again get enclosed by a nuclear envelope,
nucleolus reappears and cytokinesis follows resulting in the formation of tetrad of cells i.e., four
haploid daughter cells.

Significance of meiosis

1. Meiosis results in the formation of four haploid cells from a single diploid one, in two
successive  divisions,  thus  maintaining  the  diploid  status  of  chromosome  during
fertilization.

2. The crossing over which occurs in its prophase I, provides new combination of genetic
material and hence, new combination of characters in the offspring.



Stages of meiosis in plant cell
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