Cell Division

Two types:  Mitosis, Meiosis:
· Mitosis:  takes place when new cells added to multicellular organisms as they grow and when tissues are repaired or replaced.  Also asexual reproduction can occur as a result of mitotic division.

· Meiosis:  occurs in the production of gametes by organisms which reproduce sexually.
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The number of chromosomes in the nucleus is fixed for each species.  They can be arranged in homologous pairs e.g. body (somatic) cells of human contain 46 chromosomes, i.e. 23 homologous pairs.

Characteristics of living organisms determined by many pairs of genes called alleles.  One of a pair of allelic genes found on a chromosome.  The other on its homologous partner.  Each chromosome carries a number of genes.
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Before starting to divide a cell is at the interphase stage.

Interphase:  cell has appearance of a non-dividing cell.  Chromosomes not visible but present as chromatin granules.  During interphase the DNA duplicates.  Formation new cytoplasmic organelles e.g. ribosomes, mitochondria, chloroplasts.  Builds up a sufficient large store of energy to carry mitosis or meiosis through.  The centrosome divides to form two pairs of centrioles before division begins (NB not plants).




The nucleus divides first followed by cleavage of the cytoplasm.

Mitosis

For descriptive purposes divided into four stages:

Prophase


Metaphase


Anaphase


Telophase


Prophase
Chromosomes become visible as long, thin entangled threads which become shorter and thicker.  Nucleoli disappear.  Centrosomes begin to migrate to opposite poles.  As they move apart the spindle forms.  Towards the end of prophase the nuclear membrane disappears.




Metaphase

Chromosomes now can be seen to consist of two chromatids.  They arrange themselves on the equator (random).  Centromere attaches to spindle.




Anaphase

Sister chromatids separate and move to opposite poles.  Spindle fibres shorten therefore each chromatid is dragged centromere first away from equator.




Telophase

On reaching the poles the chromatids come together.  A nuclear membrane then surrounds them.  The chromatids become uncoiled, nucleoli reforms and nucleus takes on granular appearance it had at interphase.
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Cytoplasmic Cleavage

Soon after nuclear division cytoplasm separates into two.

Cell cycle

Stage
Av. times (minutes)

Prophase
35

Metaphase
20

Anaphase
10

Telophase
40

cytoplasmic cleavage
25

Followed by interphase, in actively dividing cells lasts between 12-24 hours.

Summary

1 Type of cell division which takes places during growth, repair and replacement.

2 Takes place in somatic cells.

3 Basis of asexual reproduction.

4 Daughter cells identical in chromosome number and genetic make-up at the parent cell.  
Ensures consistency of genetic information in nuclei of cells of one individual.

5 Chromosomes don’t arrange themselves along equator in homologous pairs during 
metaphase.

6 Chromatids separate at anaphase.

[NB.  Plant - no centrosome, but a spindle forms as in animals]

Meiosis

Occurs in the formation of gametes in organisms which reproduce sexually.  Sexual reproduction is a process of genetic reassortment producing variation.  Most is produced by meiosis.  Meiosis results in halving the number of chromosomes in a cell, i.e. meiosis is reduction division.  Meiosis precedes the formation of the male and female gametes.  The gametes therefore contain half the number of chromosomes (haploid or N number), in man this is 23.

Two successive divisions.

Meiosis I

Prophase I:
Early
-
chromosomes become apparent

Mid
-
chromosomes come together in homologous pairs (bivalents)

Late
-
Chromatids become apparent.  Bivalent pairs coil around each other.  Touch at certain points - called Chiasmata.

By the end, the nuclear membrane and nucleoli have disappeared.  The spindle has formed by the centrosome which divided at interphase.




Metaphase I
Bivalents arrange themselves on the equator of the cell and become attached by their centromeres.




Anaphase I
Shortening of the spindle drags the homologous chromosomes of each bivalent apart, pulling them to opposite poles of the cell.




Telophase I
Two groups of chromosomes come together at opposite poles.  Each group becomes surrounded by a new nuclear membrane.  Chromosomes uncoil, nucleoli reappear.




Cleavage of the cytoplasm occurs in as mitosis.

Daughter cells usually go into a short resting stage (interphase) or may proceed directly into meiosis II.

Meiosis II
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The same as mitosis.

Result
Four cells each with the haploid number chromosomes.

· Male - all four will develop into male gametes.

· Female - usually only one develops into female gamete.  Produces gametes with varied combination of genes by:

1
Crossing over
· Takes place when bivalents appear in prophase I.  Chiasmata are formed and homologous chromosomes exchange alleles.

· The homologous chromosomes later separate and end up in different gametes.  As a result of crossing over linked genes are parted and gametes with new genomes produced.

· Function of chiasmata mechanical as well as genetic.  Holds the two homologous chromosomes together while they manoeuvre themselves onto the spindle.

2
Random orientation of chromosomes
Separation of a pair of homologous chromosomes at anaphase I independent of the separation of other pairs.  As the chromosomes are orientated at random the alleles on one pair of homologous chromosomes separate independently of the alleles on others.  Because of random assortment a vast permutation of genes is possible in the gametes.

Variation results from:

1
Chiasmata formation

2
Random positioning bivalents on equator at metaphase I

3
Random process which male gamete fertilises with female gamete.

Summary

· Location - gonads.

· Reduction division - results in halving number chromosomes.

· Cell division involved in gamete production.

· Four daughter cells formed.  Male - all four develop.  Female - three abort, one develops.

· Two divisions occur.

· Chiasmata formation leading to crossing over occurs prophase I resulting in a mixing of genetic material of the chromosomes.

· Metaphase I - bivalents arrange themselves on equator of cell.  Results in further variation as random which may position themselves.

· Anaphase I - chromosomes separate.

· Daughter cells formed all genetically different from each other and parent cell

continuous process - no breaks.  Time taken varies - usually between ½ - 3 hrs.
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Mitosis
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