Basic Concepts of Classical Genetics
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1. Karyotype: A Karyotype is an array of chromosomes created by photographing the metaphase chromosomes from one cell, cutting out the individual chromosomes from the photograph and lining them up in order from largest to smallest, pairing the appropriate homologous chromosomes. Chromosomes for karyotypes are often stained using special procedures which create banding patterns the chromosomes, thus making pairing easier.

Diploid: A diploid nucleus contains two sets of chromosomes (two of each type of chromosome). 

Haploid: A haploid nucleus contains a single set of chromosomes.

Polyploidy: Polyploids contain more than two sets of chromosomes in each nucleus.  For example, bananas are triploid.
Homologous chromosomes: Homologous chromosomes are the same size, the same shape, and have the same gene map.  They are not necessarily genetically identical.

2. Genome; A genome is an individual organism’s total array of genetic information.

Gene pool: The gene pool is the total genetic diversity of a particular species.

3. Gene: A gene is a segment of DNA which controls the production of a particular characteristic.  More precisely, a gene is a recipe for the production of a specific kind of protein.

Allele: Alleles are different forms of the same gene.  For any gene, an individual may possess only two alleles, and a gamete may possess only one.  However, the gene pool of a species may contain many alleles for any gene. Alleles are assigned symbols according to specific rules of convention. All alleles of a particular gene should be given versions of the same symbol.

Locus (plural Loci): A gene’s locus is its position on a chromosome. All genes have individual and unique locations characteristic of the species. What makes two organisms members of the same species is that they have the same assortment of genes, arranged according to the same gene map on their chromosomes.  In other words, their various genes have the same loci.

Multiple alleles: A gene has multiple alleles if there are more than two different alleles for that gene in the gene pool.  For example, there are three different alleles for the A-B-O blood type gene in human populations (LA, LB and l).

4. Genotype: The genotype of an organism is the list of the symbols representing that organism’s specific genetic constitution—in other words, a list of all the alleles the individual carries for its genes. In actual usage, a stated genotype typically describes only one or two genes at a time.

Phenotype: The phenotype is the actual physical expression of an organism’s traits. Much of the phenotype is the product of the genotype, but environmental influence can be very important as well. Geneticists discuss the heritability of traits. Heritability is the expression of the degree to which a particular trait is controlled by heredity.  
5. Homozygous; A homozygous individual has two identical alleles for the gene in question. For example, BB, bb, AA, PP.

Heterozygous: A heterozygous individual has two different alleles for the gene in question. For example, Bb, Aa, Pp.

Hemizygous: This term refers to the condition of a gene which is carried on an X or Y chromosome in a male.  Since there can be only one copy of such a gene in the cell, the terms homozygous and heterozygous are inappropriate. Essentially, hemizygous means that a gene is present in only one copy.

6. Complete dominance: If two alleles display complete , it is not possible to tell the difference between the homozygous dominant individual and the heterozygous individual. The recessive allele is hidden by the presence of the dominant allele.

Dominant: The dominant allele is the one which is displayed in the phenotype of the heterozygote. In assigning allelic symbols, the convention is to assign a capital letter to the dominant allele. Dominant traits can never skip generations in a pedigree, because they can never be present but hidden—they always show.

Recessive: The recessive allele is the one which is hidden in the phenotype of the heterozygote.  The recessive allele is generally assigned a lower case letter symbol. Recessive traits can skip generations in a pedigree.

Incomplete dominance: If two alleles show incomplete dominance, the phenotype of the heterozygote is intermediate between the phenotypes of the two homozygotes.  For example, RR produces red flowers, R’R’ produces white flowers, and RR’ produces pink flowers. Alleles showing incomplete dominance are typically assigned symbols which are variations of capital letters.

Co-dominance: If two alleles show co-dominance, the phenotype of the heterozygote expresses both of the alleles completely. For example, in the A-B-O blood group, the LA and LB alleles show co-dominance. The heterozygote (Type AB) has all of the bloody type characteristics of Type A blood as well as those of Type B blood.  Again, co-dominant alleles are generally assigned different versions of the same capital letter for symbols.

Pseudodominance: Pseudodominance results when a particular genotype is lethal. For example, curly sings in Drosophila (fruit flies). The heterozygote has curly wings, the homozygous straight has straight wings (wild type), and the homozygous curly is lethal (the eggs never hatch). Superficially, the effect looks like complete dominance (the curly allele appears to be dominant), but upon closer examination is not. By convention, the homozygous lethal allele is given a capital letter symbol and the pseudo-recessive allele is given a lower case letter symbol.

7. Monohybrid cross: This is a mating between two individuals who are both heterozygous for the one gene which you are following.  Eg: Aa x Aa
Dihybrid cross: This is a mating between two individuals, both of whom are heterozygous for the two genes you are following. Eg: AaBb x AaBb

Test cross: This is the mating between an individual of unknown genotype and a homozygous recessive individual (eg, B- x bb) for the purpose of exposing hidden recessive alleles in the unknown parent.

Back cross: Most literally, this is the mating between an offspring and one of its parents. In practice, it is often a mating between an offspring and an individual of the same genotype as one of the offspring’s parents.

8. Epistasis: An epistatic effect occurs when one gene interferes with the expression of a second gene. The most common example of an epistatic gene is albino. Virtually all animal species have been demonstrated to express an albino trait. Albinism is the complete lack of the ability of manufacture any pigment (generally melanin, at least in mammals). Therefore, the albino locus is epistatic to an other genes which influence any aspect of color. Eg, in people, the brown-eyed allele is completely dominant to the blue-eyed allele, but in an individual who is homozygous recessive for albino (a completely different gene from the eye color gene), it makes no difference what the genotype for eye color is—the eyes will be pink/red (due to the reflection off the blood vessels in the retina in the back of the eye).
9. Linkage: Genes which are carried on the same chromosome are considered to be linked. When crosses using two linked genes are made, the two genes do not behave independently, and results do not behave according to simple rules of statistics.

Independent Assortment: Genes which are not linked will behave independently of each other, and will assort according to simple rules of probability. 

Linkage mapping: Since the further apart two linked genes are, the more likely a crossover event between them will be, linked genes can be ordered on chromosomes by studying rates of recombination. Distances between linked genes are expressed in linkage map units, which are calculated as percentages of recombination. Randomness results in 50 percent recombination, so unlinked genes are all 50 linkage map units apart. Genes which are linked but are far apart on the same chromosome may also map to 50 linkage map units apart. Linkage map units are not strictly additive.

10. Autosomal traits are traits carried on any of the chromosomes other than the sex chromosomes.

Sex linked traits: This is a special type of linkage. Sex linked genes are carried either on the X or the Y chromosome (in mammals or fruit flies—in birds, it would be the Z or W chromosome).

X-linked genes are carried on the X chromosome. Since females have two copies of the X chromosome and males have only one, rare recessive characteristics which are X-linked will occur more often in males than in females. Also, since an XY zygote always inherits its X from its female parent and its Y from the male parent, males inherit all of their X-linked traits from their mothers.

Y-linked (holandric) genes are carried on the Y chromosome. Since Y chromosomes are inherited exclusively through the male line, males inherit all Y-linked traits from their fathers. Y-lined traits found in a father must appear in all of his sons, and all of their sons, etc. In mammals, maleness is carried on the Y chromosome.

Sex influenced traits: Sex influenced traits are autosomal traits whose expression is affected by gender. Usually, the alleles are influenced by the presence of certain hormones which either increase or decrease the effects of the alleles. Eg, pattern baldness in humans is sex influenced. The gene for this trait has two alleles, the bald allele and the non-bald allele. The effectiveness of the bald allele is greatly increased in the presence of high levels of the hormone testosterone. Since this hormone is found in much higher levels in males than in females, the bald allele is dominant in males and recessive in females.
Sex limited traits are autosomal traits whose expression is possible only in one of the genders. These traits generally affect the primary and secondary sexual characteristics. Eg, cryptorchidism is a condition in males in which one or both testes fail to descend into the scrotum late in gestation. This characteristic is genetically controlled, by an autosomal gene. A female can be genetically cryptorchid, but she can’t possibly express the trait.
11. Wild type refers to the phenotype which is most common in nature. This generally refers to a phenotypic which is found in almost all “wild” members of a particular species. Eg, in gerbils, the brown color is the wild type. All other colors are rare in nature. When there is s clear wild type allele for a particular gene, that allele is often simply represented by a “+” rather than a letter (eg, brown = +; black = b). Another common way to designate a wild type is by using the symbol for the rare allele (usually recessive) with a “+” to represent the wild type (eg, brown = b+; black = b).

A balanced polymorphism exists when more than one common phenotype exists in a natural population of a particular species. The balance refers to the fact that the allelic frequencies for the traits do not change from generation to generation. Eg, eye color is a balanced polymorphism in modern human beings, the two common phenotypes being brown and blue. There was almost undoubtedly a time in the distant past, when all of our ancestors lived in the intense sunlight of Africa, when brown was the wild type human eye color. But in modern humans, that’s no longer true.

12. A quantitative or polygene trait is controlled by two or more different genes working in concert. Eg, hman skin color is controlled by between five and fifteen different genes, each with at least two different alleles. The skin phenotype of an individual is the product of all of the at least 10 alleles of these genes working together, plus the impact of environmental influence. The result of quantitative inheritance is generally that the trait doesn’t show discretely different phenotypes, but rather demonstrates a continuous variation in the species. Human skin color demonstrates this perfectly. There are no “categories” of human skin color, just a continuous spectrum from very pale to very dark.

Many quantitative traits are threshold traits. A threshold trait has basically only two expressions, even though it may be controlled by a number of genes working together. The cumulative effects of all of those genes (and often a significant amount of contribution from environmental factors) determines whether the phenotype will “cross the threshold” from one expression to the other. A probable example of a threshold trait in human beings is schizophrenia. It has been well established that heredity contributes significantly to the possibility that an individual will develop schizophrenia. Each of us inherits a certain level of “predisposition” in our genotypes. Environmental influences can also act to promote the onset of schizophrenia. If one inherits a genotype which contains a high level of genetic predisposition, it can take very little environmental contribution to cross the threshold and trigger the development of schizophrenia. However, if ones genetic predisposition is low, one may be able to accept a high level of environmental influence without developing the symptoms of schizophrenia.
Pliotropy refers to genes with multiple effects. For example, the white spotting gene in gerbils apparently also influences red blood cell count. Another simple example is that genes which influence characteristics of the fingers will also influence characteristics of the toes.
