Chapter 15  
THE CHROMOSOMAL BASIS OF INHERITANCE
Mendel's work remained buried in libraries until 1900 when it was discovered independently by three scientists working on plant-breeding experiments.

· German Karl Correns; Austrian Erich von Tschermak; Dutchman Hugo de Vries

· Their results agreed with those of Mendel.

· Mendel's paper provided the explanation for their results.

Many biologists remained incredulous of Mendel's Law of segregation and independent assortment until evidence showed that there was a physical basis for these principles in the behavior of the chromosomes.

In 1902, Walter Sutton, Therodor Boveri and others independently noted the parallels between the behavior of the chromosomes and the behavior of Mendel's factors.

· Chromosome Theory of Inheritance.

· Genes have specific loci on chromosomes, and it is the chromosomes that undergo segregation and independent assortment.

Thomas Hunt Morgan traced a gene to a location in a sex chromosome.

· Eye-color gene in fruit flies is found in the X sex chromosome.

Genes located in the sex chromosomes are called sex-linked genes.

Each chromosome has hundreds of thousands of genes.

Each chromosome has a linear arrangement of specific gene loci. 

LINKAGE

Linked genes tend to be inherited together because they are located near each other on the same chromosome.

Linked genes do not assort independently. During the anaphase, all these genes in the same chromosome move together to the pole.

Independent assortment of chromosomes and crossing over produce genetic recombinants.

When offspring show the same phenotype as the parents, they are called parental types.

When offspring have new combination of characters, they are called recombinants.

· In non-linked genes, 50% of the offspring are recombinants.

Recombination between linked genes occurs due to crossing over.

A recombination frequency of less than 50% indicates that genes are linked but that crossing over has occurred. 

Exchange of genetic material between homologous chromosomes breaks linkages and establishes new linkages.

During prophase of meiosis I, paired homologous chromosomes break and corresponding points and switch fragments, creating new combinations of alleles that are then passed on to the gametes. 

Some genes in long chromosomes are so far from each other that cross over between them is almost certain. These genes have a frequency over 50% and virtually the same as genes in different chromosomes. 

GENETIC MAPS.

A ordered list of genetic loci  along a particular chromosome is called a genetic map. 

Sturtevant develop a system of finding the relative position of genes along the chromosome using recombination frequencies. 

Genetic maps based on recombination frequencies are called linkage maps.

1 map unit is equivalent to a 1% recombination frequency; now it is called a centimorgan.

Geneticists use recombination data to map a chromosome's genetic loci. 

The farther apart genes are in a chromosome, the more likely they are to be separated during crossing over. 

If the genes are at the extremes of the chromosome, crossing over is almost a certainty and cannot be distinguished in genetic crossing from non-linked genes. Their frequency is 50%

Linkage maps give the sequence of genes along the chromosome but do not give the specific location of each gene.

Cytological maps are based on detectable chromosome abnormalities or markings seen in the microscope.

SEX CHROMOSOMES

Sex is commonly determined by special sex chromosomes.

Typically one sex is homogametic, that is it has a pair of similar chromosomes.

The other sex is heterogametic. It has two different sex chromosomes chromosomes.

In many animals, the female is homogametic (XX) and the male heterogametic (XY).

· In some insects (e.g. grasshoppers, roaches): XX if female and X male.

· In birds some fishes and some insects: ZW is female and ZZ male. 

· In most bees and ants: no sex chromosomes; diploid animals are females; haploid are males; males have no fathers, they develop from unfertilized eggs. 

Chromosomes other than the sex chromosomes are called autosomes.

The Y chromosome determines male sex in many mammals.

The X chromosomes has many important genes unrelated to sex determination and needed in both males and females.

Genes found in the X chromosome are called sex-linked genes.

Y chromosome has several genes involved in determining the male sex.

Sex linked genes have a unique pattern of inheritance.

Some individuals have an abnormal number of sex chromosomes:

The anatomical features of gender begin to appear in the embryo at about 2 month of age.

Prior to that age, the gonads are generic and could develop into either sex according to the prevalent hormones in the embryo.

The SRY gene in the Y chromosome triggers the development of testis. There are other genes involved in the development of a normal male. 

In the absence of the SRY gene, the gonads develop into ovaries.

X-linked genes have an unusual pattern of inheritance.

Males are neither homozygous nor heterozygous for X-linked genes. They are called hemizygous.

See interesting facts about the Y chromosome on: http://www.wellcome.ac.uk/en/genome/thegenome/hg01f016.html
http://www.abc.net.au/science/news/stories/s884493.htm
http://www.abc.net.au/science/news/stories/s73605.htm
http://abc.net.au/science/news/stories/s63100.htm
Sex-linked disorders are more common in males than in females because the female has to have both recessive genes to show the phenotype, while the male will show whatever allele is in the X chromosome, whether dominant or recessive.

· Hemophilia, color blindness and Duchenne muscular dystrophy are sex-linked genes.

Dosage competition is a mechanism that makes the two doses of in female and the single dose in the male equivalent.

In mammals, dosage competition is accomplished by the inactivation of one X chromosome.

The metabolically inactive X chromosomes is called a Barr body.

Inactivation of the X chromosome occurs randomly in each cell of the body resulting in variegation.

The Barr body has one active gene, the XIST gene. This gene produces multiple copies of an RNA  that covers the entire chromosome. 

The inactivation occurs when an methyl group, -CH3, is attached to the base cytosine of the DNA nucleotides. The process is not well understood.

Sex-influenced genes are autosomal genes whose expression is affected by the individual sex.

Some individuals have an abnormal number of sex chromosomes:

· XXY (Klinefelter syndrome) is male with underdeveloped testes but otherwise almost normal male appearance.

· XO (Turner syndrome) has the appearance of an immature female.

· YO embryos do not survive.

ERRORS AND EXCEPTIONS IN CHROMOSOMAL INHERITANCE

Karyotype refers to the number of chromosomes of an individual and to the photomicrograph showing the chromosomes.

Nondisjunction occurs when homologous chromosomes fail to segregate during meiosis.

Aneuploidy is the presence or absence of a single extra chromosome.

It is more common in humans than polyploidy.

· Trisomic individuals have three chromosomes of a kind.

· Monosomic individuals have a single chromosome of a kind.

· Aneuploidy is due to abnormal mitosis or meiosis  when the chromosomes fail to separate in the anaphase. This is called nondisjunction.

Polyploidy is the presence of several chromosome sets.

It is common in plants but rare in animals.

· Polyploidy is lethal in humans if it occurs in all cells of the body.

· A few triploid and tetraploid individuals have been born alive and survived a few days. They were found to have a mixture of diploid and polyploid cells.

Alterations in chromosome structure.

Breakage of chromosomes can lead to four types of alterations in chromosomal structure.

· Deletions are loss of chromosomal material.

· A chromosome breaks and fails to rejoin.

· Most deletions are lethal.

· Cri-du-chat is due to a deletion in chromosome 5.

· Duplication occurs when a piece of a chromosome breaks off and becomes attached on the sister chromatid causing a duplication of genetic material in the recipient chromosome.

· An inversion happens when the detached piece is reattached to its chromosome but in the reverse orientation.

· Translocation is the attachment of part of a chromosome to a nonhomologous chromosome.

· Nonhomologous chromosomes may exchange parts, reciprocal translocation.

· It may result in the elimination or duplication of genes.

· A type of Down syndrome results from the translocation of a portion of chromosome 21 to chromosome 14. The individual has two normal chromosomes 21, one normal chromosome 14 and one abnormal chromosome 14 with a portion of chromosome 21 attached.

· In chronic myelogenous leukemia (CML) a piece of chromosome 22 has switched places with a fragment from the tip of chromosome 9. The production of white blood cells is affected.

Deletions and duplication are especially likely to occur during meiosis.

Duplication and translocation tend to have harmful effects because essential genes may be affected.

Inversions do not cause an imbalance in the genes but the change in location may influence the phenotype due its new location and neighboring genes.

Certain cancers are apparently due to chromosomal translocations, 

HUMAN DISORDERS DUE TO CHROMOSOMAL ALTERATIONS

· Down syndrome or trisomy 21 is the most common trisomy in humans.

· Kleinfelter syndrome, XXY, is a male with underdeveloped testes, enlarged breasts and one Barr body per cell.

· Females with XXX trisomy are normal and cannot be distinguished from XX females except by studying the karyotype. It occurs about 1 in a 1,000 births.

· Turner syndrome, XO, is an example of monosomy. The individual is a female with degenerate ovaries, slight mental retardation in some, and webbed neck.

· Autosomal monosomy has not been seeing in live births. It probably results in the death of the embryo at a very early stage.

· 17% –20% of all pregnancies recognized at 8 weeks result in spontaneous abortion (miscarriage). About have of these embryos have chromosome abnormalities. Autosomal monosomy is very rare in embryos this old.

PHENOTYPIC EFFECTS

The phenotypic effect of some mammalian genes depends on whether they were inherited from the mother of from the father. 

Most imprinted genes are on autosomes; they are not sex-linked.

Genomic imprinting
Imprinting occurs during the formation of gametes and results in the silencing of one allele of certain genes. 

These genes are imprinted differently in sperm and ova. 

The zygote expresses only one allele of an imprinted gene, either the allele inherited from the male parent or the female parent.
The imprints are transmitted to all the body cells during development.

When gametes are produced in the new generation, imprints are erased in gamete producing cells, and the chromosomes of the developing gametes are newly imprinted according to the sex of the individual. 

· A gene imprinted for maternal allele expression is always to be imprinted for maternal allele expression and not for paternal allele expression. 

It seems that the heavy methylation of cytosine nucleotides of one of the alleles inactivates the gene. However, for some genes methylation activates its expression. 
Imprinting affects only a small fraction of the genes, but most of the known imprinted genes are critical for embryonic development. 

Normal development apparently requires that embryonic ells have exactly one active copy – not zero, not two – of certain genes.

Extranuclear genes

Mitochondria and chloroplasts have their own genes.

The sperm does not contribute any cytoplasm to the zygote.

Because the zygote's cytoplasm comes from the ovum, some phenotypic features of the offspring depend only on the maternal cytoplasmic genes, e. g. mitochondrial genes.

Some diseases of the muscular and nervous systems depend on defective mitochondrial genes that prevent cells from making enough ATP.

Defective mitochondrial DNA may be involved in some cases of heart diseases, diabetes, and Alzheimer's disease.

The variegated leaves of plants depend on plastids, which are contributed by the mother plant only. The pollen grain does not contribute any cytoplasm to the plant zygote.

Extracellular genes do not follow the Mendelian rules of inheritance.

