Chapter 13
MEIOSIS AND SEXUAL LIFE CYCLE
Living organisms can reproduce their kind.

Inheritance or heredity is the transmission of traits from one generation to the next.

Variation is part of inheritance.

Genetics is the scientific study of heredity and gene-based variation.

INHERITANCE OF GENES

Genes are sections of DNA.

Genes contain a specific sequence of nucleotides. 

Offspring acquire genes from parents by inheriting chromosomes. 

Most genes program cells to synthesize specific enzymes and other proteins whose cumulative action produces an organism’s inherited traits. 

Gametes transmit genes from one generation to the next. 
The DNA of eukaryotic cells is subdivided into chromosomes. There tiny amounts of DNA in mitochondria and chloroplasts. 

Each gene in an organism's DNA has a specific locus (plural loci) on a certain chromosome.

COMPARISON OF ASEXUAL AND SEXUAL REPRODUCTION

Asexual reproduction:

· One parent.

· Produces the offspring(s) by splitting, budding, or fragmenting. 

· All the genes of the parent are passed on to the offspring.

· Offspring is genetically identical to the parent and is called a clone.

· No variation or little variation from parent and siblings due to mutations.

Sexual reproduction:

· Two parents.

· Union of two specialized cells, known as gametes, to form a single cell, the zygote.

· Some of the genes of each parent are passed on to the offspring.

· The offspring is genetically diverse from each parent.

· Great variation from parents and siblings.

MEIOSIS

The life cycle is the sequence of stages in the reproductive history of an organism, from conception to the production of offspring.

THE HUMAN LIFE CYCLE

· Somatic cells are cells other than a sperm or egg, and have 46 chromosomes.

· Reproductive cells are known as gametes, and have 23 chromosomes.

· The display of chromosomes is called the karyotype.

· Each chromosome found in somatic cells of higher plants and animals has a partner chromosome. 

· The two partners of the pair are known as homologous chromosomes.

· The members of a homologous pair are commonly referred to as maternal and paternal chromosome, because a different parent provided each.

· Homologous chromosomes carry similar but not identical genetic material that controls the same inherited character.

· Sex chromosomes are called X and Y and determine the sex of the individual. All other chromosomes are called autosomes. 

· Sex chromosomes are morphologically different from each other. Females have XX chromosomes and males have XY chromosomes.

· Only a small part of the X chromosome is homologous with the small Y chromosome. 

· Most of the X chromosome genes do not have a counterpart in the Y chromosome.

· Chromosomes formed by the separation of sister chromatids are, however, identical.

· If a cell contains two sets of chromosomes, it is called diploid (2n).

· If the cell has only one set of chromosomes, then it is called haploid (n).

· Sometimes cells may have more than one set of chromosomes and are called polyploid (3n, 4n, etc.).

· The somatic cells of animals are diploid. Only reproductive cells, gametes, are haploid.

· The process of meiosis produces haploid cells.

· Reduction in the number of chromosomes occurs before the formation of gametes.

· The fusion of gametes is called fertilization or syngamy.

· The resulting cell is called a zygote.

The zygote develops into a sexually mature individually. All cells are derived from the zygote and receive the full complement of chromosomes during mitosis.

The only human cells not produced by mitosis are the gametes, which are produced by meiosis.

Variety of sexual cycles.

The alternation of meiosis and fertilization is common to all organisms that reproduce sexually.

The timing of these events in the life cycle varies depending on the species.

1. Animals

Fertilization → zygote → mitosis → diploid multicellular organism → meiosis → gametes → fertilization

2. Most fungi and some algae

Fertilization → zygote → meiosis → mitosis → haploid multicellular organism → gametes by mitosis → fertilization.

3. Plants and some algae.

Fertilization → zygote → mitosis → diploid multicellular organism (sporophyte) → meiosis → spores → mitosis → haploid multicellular organism (gametophyte) → mitosis → gametes → fertilization

Alternation of generation: sporophyte alternates with gametophyte.

THE PROCESS OF MEIOSIS
Meiosis reduces the chromosome number from diploid to haploid.

The phases of meiosis are similar to those of mitosis but with the following differences:

1. Meiosis involves two successive nuclear and cytoplasmic divisions, producing up to four cells.

2. There are two consecutive cell divisions in meiosis: meiosis I and meiosis II.

3. DNA and other chromosomal components duplicate only once.

4. Each cell produced by meiosis has only one set of chromosomes; it is haploid.

5. During meiosis, the genetic information of both parents is shuffled, so each resulting haploid cell has a unique combination of genes.

Meiosis I
Meiosis I separates homologous chromosomes, not sister chromatids of individual chromosomes.

During the interphase…
· Chromosomes replicate during the S stage of the interphase.

· Each chromosome consists of two genetically identical sister chromatids connected at the centromere.

· The centrosome replicates, forming two centrosomes. 

1. Prophase I: the nuclear envelope disintegrates; chromosomes condense; the chromosome members of a pair become to lie lengthwise side by side, in what is called synapsis. 

· The four chromatids lying side by side are called tetrads, a term preferred by geneticists.

· The term tetrad refers to the four chromatids, two forming each homologous chromosomes

· Bivalent is another term synonym of tetrad and preferred by cytologists.

· During synapsis the chromosomes undergo crossing over. The place where the chromosomes cross is called chiasma (plural chiasmata).

· Crossing-over is a process of genetic recombination in which homologous chromosomes exchange sections of DNA: chromatids break, exchange sections of DNA, and rejoin.

· There is no crossing-over between sister chromatids.

· The synaptonemal complex, made of proteins, is formed between synapsed homologous chromosomes and holds the chromosomes together.

· Centrosomes move away from each other and the spindle of microtubules forms between them...
· The nuclear envelope disintegrates.

· The microtubules of the spindle attach to the kinetochores and the chromosomes begin to move to the metaphase position.

2. Metaphase I: tetrads line up in the equatorial plane forming the metaphase plate, and are held together by chiasmata, (sing. chiasma).

· In late prophase I, homologous chromosomes are held together only at chiasmata, the regions where crossing over occurred.

· Microtubules from one pole are attached to one homologous chromosome, and those from the other pole to the other homologous chromosome.

· Both kinetochores of sister chromatids are attached to the same pole.

· In mitosis, sister kinetochores are attached to opposite pole.

3. Anaphase I: the members of each homologous pair separate and move to opposite poles.

· Each pole receives a mixture of maternal and paternal chromosomes but only one member of the homologous pair.

· The sister chromatids are still united at their centromere region.

4. Telophase I: nuclear envelope may reorganize; chromatids decondense somewhat; cytokinesis may take place.

· Homologous chromosomes continue to move apart until the reach the poles of the cell. Each pole has now a haploid number of chromosomes.

· Each nucleus contains only a haploid number of chromosomes.

· Each chromosome, however, has two sister chromatids.

5. Cytokinesis usually occurs simultaneously with telophase.

· Cleavage furrows form in animal cells and cell plate appears in plant cells.

· In some species nucleoli re-forms and chromosomes decondense. This interlude is called interkinesis. 

· No chromosome replication occurs between the end of meiosis I and the beginning of meiosis II. 

Meiosis II

Meiosis II is similar to mitosis and results in the separation of the sister chromatids.

Prophase II

· Spindle apparatus forms and centrosomes move toward the poles.

Metaphase II

· Chromosomes form the metaphase plate.

· The kinetochores of each sister chromatid point toward opposite poles.

Anaphase II

· The centromeres of the sister chromatids separate and the sister chromatids become separate chromosomes.

· Chromosomes move toward opposite poles.

Telophase II and cytokinesis

· A nuclear envelope re-forms around each set of chromosomes; nucleoli are also formed; spindle disappears; chromosomes uncoil.

· Cleavage furrows form in animal cells and cell plate appears in plant cells.

COMPARISON OF MITOSIS AND MEIOSIS

1. Synapsis and crossing over occur only in meiosis, never in mitosis.
2. Homologous chromosomes paired up at the metaphase plate I during meiosis; in mitosis, the chromosomes are not paired during at the metaphase plate.

3. During anaphase I of meiosis, each homologous chromosome moves to an opposite pole but the sister chromatids remain attached by the centromere; in mitosis, the sister chromatids separate during the anaphase. 

GENETIC VARIATION

Sexual life cycles are responsible for most of the variation that is found in each generation.

There are three mechanisms that reshuffle the genes carried by individuals.

Independent assortment of chromosomes

In metaphase I, the homologous pairs of chromosomes consist of one maternal and one paternal chromosome. 

The positioning of each homologous chromosome pair during metaphase is a matter of chance and independent of the other pairs. This determines which chromosomes will be together in the daughter cells.

Each homologous pair is positioned independently of other pairs.

There is a 50-50 chance that a daughter cell will get a maternal or a paternal chromosome of a given homologous pair.

The number of daughter cells formed by meiosis of diploid cells is 4, 2n = 4.

In the case of humans, the haploid number of chromosomes is 23, and the number of possible combinations of maternal and paternal chromosomes in the resulting gametes is 223 or roughly 8.3 million.
Crossing over

During prophase I, homologous chromosomes pair precisely, aligning with each other gene by gene. 

Non-sister chromatids of homologous chromosomes exchange segments of DNA. This process gives rise to recombinant DNA, e. g. a segment of the paternal chromosome is exchange from a similar segment of the maternal chromosome.

Random fertilization

Due to the large number of possible combinations in human gametes, the number of possibilities is in the trillions.

The fusion of a male and a female human gamete will produce one of a possible 70 trillion combinations: 223 x 223 = ~70 trillions.

To this add the variation brought about by crossing over. This is why brothers and sisters are different. 
Evolutionary adaptation

Darwin recognized the importance of genetic variation in the mechanism of natural selection.

Evolutionary adaptation depends on the genetic variation found in the population.

On the average, those individuals best suited to the local environment survive, leave the greatest number of offspring, and transmit their genes in the process.

This selection of best-suited individuals results in an accumulation over time of the genetic variations favored by the environment.

