Chapter 3 Chromosomes, Genes, and Cell Division
Chromosomes

STRUCTURE

Double coils of DNA combined with protein.

Exist in pairs: autosome and sex chromosomes.

Genes (segments of DNA chain) arranged along chromosome.

SEX CHROMOSOMES

In female: one X inactivated and appears attached to nuclear membrane.

In male: Y chromosome appears as bright fluorescent spot in intact cell.

Cell Division

MITOSIS

No reduction in chromosomes; daughter cells identical with parent cell.

Characteristic of somatic cells.

Sequence:

Prophase: chromosomes shorten, nuclear membrane breaks down, and spindle forms.

Metaphase: chromosomes line up in middle of cell.

Anaphase: chromosomes pull apart.

Telophase: two daughter cells reform.

MEIOSIS

Chromosomes reduced by half and modified by crossover.

Characteristic of germ cells.

Sequence:

First meiotic division: homologous chromosomes synapse and exchange segments.

Homologous chromosomes separate, and daughter cells reform, each containing one member of homologous pair.

Chromosomes reduce by half.

Second meiotic division: like mitosis, but each cell has only 23 chromosomes.

Gametogenesis

SPERMATOGENESIS

Spermatogonia (46 chromosomes) form primary spermatocytes

(forty-six chromosomes).

Each primary spermatocyte forms two secondary spermatocytes

(23 chromosomes).

Each secondary spermatocyte forms two spermatids (23

chromosomes).

Spermatids mature into sperm.

OOGENESIS

Oogonia (46 chromosomes) form primary oocytes (46 chromosomes) in fetal ovaries.

Primary oocyte forms primary follicle and begins prophase of meiosis but does not carry it through.

Many follicles degenerate during infancy and childhood.

About one-half million persist.

Follicle matures under influence of FSH-LH, and one is ovulated each cycle.

Primary oocyte completes first meiotic division to form secondary oocyte (23 chromosomes) and polar body (23 chromosomes).

Secondary oocyte completes second meiotic division if fertilized to form mature ovum (23 chromosomes) and polar body (23 chromosomes).

COMPARISON OF SPERMATOGENESIS AND OOGENESIS

Spermatogenesis:

Four sperm from each precursor cell.

Continual: always fresh sperm.

Oogenesis: One ovum from each precursor.

All precursors form before birth and remain in prophase until ovulated.

Ova ovulated late in reproductive life more prone to abnormal chromosome separation.

Chromosome Analysis

METHOD OF ANALYSIS

Blood cells cultured and lymphocytes induced to divide.

Cells arrested in metaphase and caused to swell.

Stained smears prepared.

Chromosomes arranged to form karyotype.

Genes and Inheritance

GENES

Exist in pairs (alleles), one on each chromosome.

Homozygous: alleles the same.

Heterozygous: alleles different.

Expression of genes varies.
Recessive: gene expressed in homozygous state.

Dominant: gene expressed in heterozygous state.

Codominant: both alleles expressed.

Sex-linked genes.

Carried on X chromosome.

Female has two X. Either can carry abnormal gene.

Not clinically affected if acquires abnormal X because effect offset by gene on normal X.

Male has only one X (hemizygous). Acquires hereditary disease if receives X chromosome containing defective gene.

GENE IMPRINTING

Identical genes contributed by male and female parent to offspring may have different effects.

Genes modified during gametogenesis.

Manifestations of some hereditary diseases depends on which parent contributed the abnormal gene.

MITOCHONDRIAL GENES AND INHERITANCE

Some of the genes that code for ATP-generating enzymes are located in mitochondrial DNA. Ova contain many mitochondria, and sperm contain very few.

Mutations of mitochondrial DNA may affect ATP generation. 
Some diseases are caused by mitochondrial DNA mutations and are transmitted by the mitochondria in the ova of the female parent.

Genes of the Histocompatibility (HLA) Complex
STRUCTURE AND FUNCTION

Important in organ transplantation.

Four linked gene loci on chromosome 6 designated 


HLA-A, HLA-B, HLA-C, and HLA-D.

Multiple alleles at each gene locus.

Genes control antigens on cells.

Genes on each chromosome 6 are transmitted as set called a haplotype.

INHERITANCE

Each child receives one haplotype from each parent.

Four different combinations of haplotype possible in children.

Probability is one in four that two children of same parents will possess same HLA haplotype.

HLA AND SUSCEPTIBILITY TO DISEASE

Genes controlling immune response associated with HLA complex.

Certain HLA types less capable of regulating immune response are prone to develop specific types of autoimmune diseases.

Genes and Recombinant DNA Technology

Technique inserts foreign gene into bacterial plasmid or yeast cell.

Microorganism produces desired protein.

Complex technology.

Principles applicable to understanding molecular basis of genetic disease.

Principles applicable to prenatal diagnosis of genetic disease.

Gene Therapy

Gene introduced into cell with genetic defect to compensate for missing or dysfunctional gene.

Procedure has great potential but also many limitations.

Limited applications at present time.
