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MEIOSIS
Sexual reproduction involves two parents, each of which contributes a specialised sex cell, or gamete. IF the case of animals and plants, the male gamete is called sperm and the female gamete is called an ovum or egg. Chromosomes normally exist in pairs; there are two of each kind in the somatic (body) cells of higher plants and animals. Thus, the 46 chromosomes in human cells constitute 23 different pairs. The member of a pair, called homologous chromosomes are similar in size, in shape, and in the position of their centromere. A set containing two of each kind of chromosome is said to have the diploid number or 2n.The constancy of the chromosomal number in successive generations of sexually reproducing organisms is ensured by the process of meiosis. Gametes have only one homologue of each homologous pair and thus have the haploid or n number of chromosomes.

Events of Mitosis

Meiosis consists of a series of nuclear and cell divisions, designated as the first and second meiotic divisions, or simply meiosis I and meiosis 11. Each of these includes prophase, metaphase, anaphase and telophase. During the first meiotic division, the members of each of the homologous chromosomes separate and are distributed into separate cells. In the second meiotic division, the chromatids that make up each chromosome separate and are distributed to the daughter cells. In this way the number of chromosomes is reduced by half, which gives rise to four haploid cells at the end of meiosis.

Meiosis I

Prophase I

For convenience the first meiotic prophase is divided into the following five stages:

Leptotene (Leptonema)

Zygotene (Zygonema)

Pachytene (Pachynema)

Diplotine (Diplonema)

Diakinesis

Leptotene: Leptotene stage begins when each chromosome is first seen to have condensed from its interphase conformation to produce a long thread with a proteinaceous central axis. Each chromosome is attached at both of its end to the nuclear envelope via a specialised structure called an attachment plate. Although each chromosome has replicated and consists of two sister chromatids, these chromatids are closely opposed and therefore appears to be single.
Zygotene: intimate pairing between the two homologous chromosomes is initiated by the process' called synapsis or zygotene pairing. The homologous chromosomes which pair are coming from different sexes (father and mother). The two homologous chromosomes are brought together to form a characteristic ladder-like structure, called synaptonemal complex. Each homologous chromosome pair in meiotic prophase I consists of two closely opposed sister chromatids, thus-each pair containing four replicas known as tetrads.

Pachytene: The non-sister chromatids (chromatids of different chromosomes) twist around each other. This process is called crossing over. Genetic variability is brought about by genetic recombination. You have learnt in the previous section that the genetic recombination takes place by the process of crossing over during pachytene. In this process the precise pairing of the homologous chromosomes plays a very important role and this is brought about by the development of synaptonemal complex. Synaptonemal complex provides the structural framework necessary for recombination events. The actual recombination

is mediated by recombination nodules. Recombination of genetic material results from physical exchanges between homologues, which involve a process of breakage and reunion of chromosome segments. Figure 1 clearly illustrates the process of recombination of genetic material between the homologous chromosomes
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Fig. 1 The effect of recombination in mixing the alleles of the

chromatids entering meiosis into the new combinations

Diplotene: The beginning of diplotene stage is marked by the beginning of separation of non-sister chromatids and the tight pairing is relaxed. This process is known as desynapsis. The separation of homologous chromosomes is however not completed. They remain attached at one or more points where crossing over has occurred. These points of attachment are called chiasmata

Diakinesis: Diplotene stage merges into diakinesis. At this stage RNA synthesis stops and the chromosomes condense, thicken, and become detached from the nuclear envelope. Each bivalent is clearly seen to contain four separate chromatids, with each pair of sister chromatids attached at their centromeres, whereas non-sister chromatids that crossed over are linked by chiasmata

Metaphase I: During metaphase-I, the bivalent chromosomes arrange themselves in the plane of the equator forming equatorial plate. The centromere of each chromosome is directed towards the opposite poles and the arm of chromosomes is faced towards the equatorial plate

Anaphase I: All the bivalent chromosomes repel each other towards opposite poles. 'Thus each pole receives half the number of haploid set of the chromosomes. Thus, actual reduction occurs at this stage. The movements of chromosomes is brought by  the spindle fibres, which is similar to the mitotic movements

Telophase I: At this stage, the nuclear membranes aregormed by the endoplasmic reticulum around the groups of chromosomes which disappear with the appearance of nucleolus or nucleoli
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Fig. 2.1 Prophase I of Meiosis I
Meiosis II

The second meiotic division is essentially similar to mitosis. It divides each haploid cell into two daughter haploid cells. Like mitotic division it can be studied under four phases:

Propbase 11: Prophase II does not show the complex nuclear behaviour of prophase I. The chromatids of prophase II have widely separated rims, and in this respect differ from the chromatids of the mitosis, which are close together. Spindle formation takes place in prophase II as in mitosis, and the nuclear membrane disappears 
Metaphase 11: The chromosomes become oriented on the equatorial plate and have the same relationship to the spindle as in mitosis 
Anaphase 11: The centromeres divide and the two chromatids of each chromosome separate and move to the poles. After separation, the chromatids are called chromosomes.

Telophase 11: At this stage reconstruction of the nuclei takes place as in mitosis. The nucleus, centriole and the chromosomes return to the interphase condition. Each nucleus contains the haploid number of chromosomes
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L. Telophase II

Fig:2. 2 Stages of Meiosis
Leptotene









