PUC 1°" YEAR —SEMESTER-2
UNIT I1I: Cell cycle and cell division

Module No. 17: MEIOSIS and its significance

INTRODUCTION OF MEIOSIS

Meiosis is a specialized type of cell division which occursthe
reproductive cells at the time of gamete formatids.a result of meiosis
four daughter cells are formed from the parent aall the number of
chromosomes in the daughter cells is reduced fo hal

Meiosis includes two successive divisions, iiegosis Ifeduction
division) and themeiosis Il (similar to mitotic division. Each division is

separated into the same five stages as in mitosis.

Meiosis | Meiosis |l
Prophase | Prophase I
Metaphase | Metaphase Il
Anaphase | Anaphase I
Telophase | Telophase Il
MEIOSIS |

Prophase |

It is the most complicated stage of meiosis. lbfisrery long duration.
The prophase | is divided on the basis of chrom@ddrehaviour into 5
substages namely Leptotene, zygotene, Pachytenplot&nie and

Diakinesis.

Leptotene:



In leptotene stage nucleus is enlarged. The clsomes appear as
long,fine, uncoiled threads by the condensatiorclobmatin material.
Chromosomes present beaded appearance due to ésenpe of
chromomeres at regular intervals. Chromatids are dmgtinguishable.

The centriole of the cell divides.

Zygotene:

During this stage the homologous chromosomes df pat are attracted
towards one another and undergo pairing. This lisctasynapsis. Each
pair of homologous chromosomes is known as bivalBim¢ synapsis is
equal, exact and occurs from chromomere to chromame

Centrioles move apart initiating the spinalle fotimia.

Pachytene:

In each bivalent chromosome four chromatids appeare clearly than
earlier. It is calledetrad The two chromatids of same chromosome are
called sister chromatids and those of differenboiosomes calledon-
sister chromatidsAn important event that occurs in the pachytene i
crossing over, It occurs between the non sisteorobtids of two
homologous chromosome€irossing overis the exchange of genetic
material between two homologous chromosomes. That pof
interchange and rejoining appears x-shaped andasvik as chiasma.
There maybe one , two or more chiasmata in a te@eabsing over leads

to recombination of genetic material on the twaochosomes.

Diplotene:



At diplotene, further thickening and shortening asfromosomes take
place. Homologous chromosomes start separating drmgranother. This
separation starts at centromeres and travels atvngrds the ends. This
kind of separation from centromere towards the endnown as “

terminalization”.

Diakinesis:

Terminalization is completed, chromosomes undergomptete
separation. Each chromosome looks like a shorklyatained body. By
the end of diakinesis, the nucleolus disappeardl@duclear membrane

disappears.
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Metaphase - t
During metaphase-l spindle is formed betweenwltedentrioles and the

chromosomes are arranged on the equator of thdlspirheir



centromeres are attached to the chromosomal fdfrée spindle. The

centromeres of the chromosomes will be facing tdw/déine poles.

Anaphase - I:

During this stage the chromosomal spindle fibrdstha chromosomes
towards the opposite poles. The centromeres of laguoas
chromosomes donot divide. So half the number afralosomes will
migrate to the poles and actual reduction of chisn@es taking place at

this stage.

Telophase I:

During this stagenuclear membranes are formed around the groups of
chromosomes at the two poles. The chromosomes leeoocviled and
lose their identity. Nucleolus reappear. The kaiyekis may be

followed by cytokinesis giving rise to two haplasdlls.

MEIOSIS I

First meiotic division is followed by a second ntealivision with or
without the intervening interphase. The secondsthwi is essentially a
mitotic division. The various events occur in migoglso occur here in
meiosis-1l with regards to chromosomes, nucleaymplasm etc. At
prophase-Il chromosomes are already double , emdhdtwo sister
chromotids, with a single functional centromeree3é chromosomes
soon arrange at equator of the spindle during meisgs1l. The
centromere then splits and two chromatids, whicl naw be called
chromosomes, pass to two poles during anaphasiils is soon

followed by telephase-Il and cytokinesis. At thel @ cytokinesis four



daughter cells are formed each of which will beihgyhaploid numbe
of chromosomesSince the process mitosis has already been distus:

Module 16, the same will not be repeatere.
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SIGNIFICANCE OF MEIOSIS

Meiosis is the mechanism by which conservatiorpetgic
chromosome number of each species is maintainedatne
generations. This is possible because during nsetbsi
chromosomal number is reduced to half in gameteMthese
gametes fuse and form zygote, again the diploidoarris
attained.

Purpose of meiosis is to form haploid cells fromloid cells.
Meiosis provides opportunities for new combinatiohgenes to
occur in the gametes. This leads to genetic vanati the
offspring produced by random fusion of the gametes.
Maternal and paternal chromosomes independenttytass

producing a large number of possible combinations.



New species are evolved due to crossing over anetige

recombination.

Check points

1.

Meiosis is a process where the number of chromosomthe cell
Is reduced exactly to the half. It occurs in diglaells to form
haploid gametes during sexual reproduction.

Meiosis occurs in two successive stages. which diveded

arbitrary for clear understanding but the eventsppeas
continuously in nature.

In meiosis |, the stages are referred to as pr@phddetaphase |,

anaphase | and Telophase |I.

. The prophase in again identified with four subssage Leptotene

Pachytene, Diplotene and Diakinesis. Homologousrobsomes
one from each parent are aligned very closely th eather in

leptotene.

In Pachytene, the homologous chromosomes are ptirdédrm

bivalents with four chromatids in each pair. Exaparof genetic
materials takes place by crossing over of chromatittough

chiasmata formation.

In diplotene, the separation of bivalent starts tredcondensation,
contraction and thickening of chromosomes occurs.

By the end of diakinesis, the nucleolus disappeaatsthe nuclear
envelope also breaks down and releases chromosomes
cytoplasm. The chaismata terminalizes.

In metaphase |, the chromosomes align in equatpliaale in pairs.

The migration of chromosomes takes place in ana&phas



9. In telophase I, the chromosomes with two groupserenihe
interphase stage or initiate the second divisi@n igsimilar to the
mitosis.

10All the cells are haploid and have same numbehofrmosomes at
the end of meiosis.

11.Each cell has different genetic makeup due to exghaf genetic

material during this process.

QUESTIONS:

Short answer questions

1) What is Meiosis? Explain the Significance.

2)  What are the different stages in meiosis?

3) What are the events in leptotene?

4)  What happens during zygotene?

5)  Write about pachytene and mention its significance?
6) What is the significance of diplotene and diakia@si

7)  Define (a) Synapsis (b) Chiasmata.

8)  What is the main difference between mitosis andsis?

Long answer questions
1) Explain meiosis | in detail. What is its significaa?

2) Compare mitosis and meiosis.



Multiple choice questions

1. Which statement best describes the process ofiegeeser?
A. It takes place between homologous chromosomesemsadts in an
increased gene mutation rate.
B. It takes place between non homologous chromosontesesults
in new gene combinations.
C. It takes place between homologous chromosomes argbsults in
new gene combinations
D. It takes place between non homologous chromosoasests in an
increased gene mutation rate.
Crossing over occurs during which phase of meiosis.
Prophase |
Prophase Il
Metaphase |
Metaphase Il

moo®®» N

Cytokinesis

3. During what process do eukaryotic cells becoaydid?
A. S phase
B. Anaphase of mitosis
C. Meiosis |

D. Meiosis |l
4. Which of the following statements regarding rsesas false?

A. In meiosis |, whole chromosomes separate.

B. Exchange of paternal and maternal DNA takes place«iosis I.
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C. Anaphase Il leads to chromosome separation inbapfboid cells.
D. The chromosomes replicate and number doubles.

. Which event(s) create the most critical differebetnveen mitosis and
meiosis?

A. Separation of sister chromatids

B. Formation of bivalents and crossing over

C. Replication of chromosomes and connection to thed&p

D. Formation of the spindle

. During which phase of meiosis the homologous chsones are
separated

A. Metaphase |

B. Metaphase Il

C. Anaphase |

D. Anaphase I

. Which meiotic division more closely resembles mgos

A. Meiosis |

B. Meiosis |l

C. Meiosis | and Il, both resemble mitosis closely.

D. Meiosis | and Il, both are significantly differeinbm mitosis.

. Arrange the stages of meiotic prophase | belowdeio

A. Leptotene, Zygotene, Pachytene, Diplotene, Diakines

B. Leptotene, Pachytene, Zygotene, Diplotene, Diedis

C. Zygotene, Diplotene, Diakinesis, Pachytene, hiepte

D. Leptotene, Zygotene, Pachytene, Diakinesis,dbéple



9. How many daughter cells are formed from single icetheiosis?
A 4
B.2
C.23
D. 46
10.Which of the following is not a correct descriptiohmeiosis?
A. Itis a part of sexual reproduction.
B. Cells at the start and end are identical.
C. Four cells are formed.

D. Cells at the start and end are different.
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