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Mendelian Genetics – Supplement

I) Terminology:
Allele – one of two or more alternative forms of the same gene.

Cross-pollination – the transfer of pollen from the anther of one plant to the stigma of another.

Dihybrid cross – crosses involving the evaluation of two traits.
Dominant – a gene that exerts is full phenotypic effect regardless of its allelic partner, thus masking the partner’s effect

Gene – a sequence of nucleotides along a molecule of DNA (RNA in some viruses) that makes up a unit of inheritance.

Heterozygous – the presence of different alleles at the same locus on homologous chromosomes.  The individual is a called a heterozygote.

Homozygous – the presence of identical alleles at the same locus on homologous chromosomes. The individual is called a homozygote.

Independent assortment – the normally random distribution of alleles during meiosis.

Linkage – the tendency for certain genes (alleles) to be inherited together because they are located on the same chromosome.

Locus (plural: loci) – the site of a gene on a chromosome.

Monohybrid cross – crosses involving evaluation of a single gene (trait).
Mutant – a mutated gene or organism carrying a gene that has undergone a mutation.

Phenotype – the observable properties (structural and functional) of an organism, produced by interaction of the organism’s generic potential (its genotype) and the environment.  The term  phenotype can be applied either to the totality of expressions of the genotype or to only a part (i.e., to a particular characters or traits).
Recessive – a gene whose phenotypic expression is masked by the dominant allele for the trait.
Segregation – in genetics, the separation of allele pairs from one another and their distribution to different cells (usually at meiosis) observed only in heterozygous genotypes

Self-incompatibility – the mechanism by which the stigma of a flower recognizes pollen from the same plant and prevents fertilization from taking place

Self-pollination – the transfer of pollen from the anther of a flower to the stigma of the same flower or of another flower on the same plant; usually referred to as “selfed”

Wild type – in genetics, the phenotype or genotype that is characteristic of the majority of individuals of a species in a natural environment.
II) Basic Concepts:

A) Alleles – Origin and Mutant Types:

Alleles are alternative forms of a gene; e.g., alleles for brown vs. blue eye color.  Alleles of the same gene always occur at the same physical position (locus) in a genome.  In classical genetics, genes could only be studied if multiple alleles that confer distinct phenotypes were present.  New alleles originate from DNA mutations. Mutations occur spontaneously; however, it is possible to speed up the rate of mutation using mutagens (irradiation, chemical mutagens, etc.).  In the era of molecular genetics, genes can be discovered by DNA sequencing; however, in such cases the gene discovery process is random and functions of the genes identified can only be inferred by comparison with the sequences of genes of known function.  In contrast, via a combination of mutagenesis and screening, it is possible to identify genes affecting a process of interest. 
Two types of mutant alleles are typically distinguished that are termed gain-of-function and  loss-of-function alleles.  Gain-of-function mutations involve the creation of entirely new traits.  Most gain-of-function alleles are dominant, codominant, or semidominant
. Gain of function mutations may involve changes in gene regulation such that a gene is expressed in additional tissue or organ types, or at a greater number of developmental stages, etc.  Alternatively, the protein product of the gene may be affected with the mutant protein retaining the complete functionality of the original (wild type) protein but with added capabilities; i.e., enzymes that recognize a wider range of substrates, etc.  Loss-of-function mutations involve the loss of protein function and are typically recessive in inheritance.  In the severe cases, protein synthesis may be abolished in which case the mutation is termed a ‘null allele’.  By analyzing plants that are homozygous for loss of function alleles it is possible to infer gene function.  
B) Gene and Allele Naming Conventions:

Traditionally, genes are named based on the phenotype of the first mutant allele described.  For example the SUPERMAN gene of Arabidopsis, which is involved in organ determination during floral development, was identified based on the analysis of mutant flowers with an abnormally large number of male reproductive structures.  Gene names are indicated using italized font and each gene is typically assigned a three letter designation; i.e., SUP for the SUPERMAN gene, etc.  If the same three letter designation is used for more than one gene then numerals are added to the gene designation (abc1, abc2, etc.) to distinguish between the different genes.  Similarly, when multiple mutant alleles are identified for the same gene the alleles are distinguished using hyphenated numbers, wtith the numbers being assigned sequentially starting with the original mutant allele; i.e., omr1-1, omr1-2, etc.  In Brassica rapa capital letters are used to indicate wild type alleles, while lower case letters are used to indicate mutant alleles irrespective of the dominance relationship.  However, whether capitalization is used to denote allele origin (i.e., wild type vs. mutant) or dominance varies between model organisms. 
C) Predicting Genotypic and Phenotypic Ratios:

If the genotypes of plants being crossed are known it is possible to predict the genotypic and phenotypic ratios of their progeny. This is a two step process that models the sexual reproduction process.
Step 1:  Gamete Production:

Assuming independent assortment (i.e., that the genes being evaluated are located separate chromosomes or on the same chromosome but at a wide spacing) branching diagrams can be used to estimate the numbers and proportions of gametes produced by each parent.  Branching diagrams are heuristic tools, in which the types of proportions of alleles that the gamete cells would be expected to ‘inherit’ is determined sequentially for each gene and the combined genotypes and probabilities are determined by multiplying across each branch of the diagram below.  The branching diagram below is for a parent with the following genotype ANL/anl, ROS/ros, and YGR/YGR (ros = rosette growth, anl = non-purple, ygr = yellow green leaf color) 
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Step 2:  Fertilization (Gamete Combination)

The types of proportions of progeny genotypes that would be expected for a given cross can be determined graphically using Punnett tables or algebraically as outlined below.  

Punnett Table:
	                                                                         Female Parent



	
	
	¼ ANL, YGR
	¼ ANL, ygr
	¼ anl, YGR
	¼ anl, ygr

	
	¼ ANL, YGR
	1/16 
ANL/ANL YGR/YGR
	1/16
ANL/ANL
YGR/ygr
	1/16
ANL/anl
YGR/YGR
	1/16
ANL/anl
YGR/ygr

	Male 
Parent
	¼ ANL, ygr
	1/16
ANL/ANL
ygr/YGR
	1/16
ANL/ANL
ygr/ygr
	1/16
ANL/anl
ygr/YGR
	1/16
ANL/anl
ygr/ygr

	
	¼ anl, YGR
	1/16

anl/ANL
YGR/YGR
	1/16
anl/ANL
YGR/ygr
	1/16
anl/anl
YGR/YGR
	1/16
anl/anl
YGR/ygr

	
	¼ anl, ygr
	1/16

anl/ANL
ygr/YGR
	1/16
anl/ANL
ygr/ygr
	1/16
anl/anl
ygr/YGR
	1/16
anl/anl
ygr/ygr


Algebraic Solution: (1/4 ANL/YGR + ¼ ANL/ygr + ¼ anl/YGR + ¼ anl/ygr) x (1/4 ANL/YGR + ¼ ANL/ygr + ¼ anl/YGR + ¼ anl/ygr).  Multiply through and then sum (combine) by genotype or phenotype.






� In dominant-recessive interactions the expression of the dominant allele completely masks the expression of the recessive allele, such that the phenotype associated with the recessive allele is only apparent in individuals that are homozygous for the allele, with heterozygotes and homozygous dominant individuals being indistinguishable phenotypically.  In semidominance (syn. incomplete dominance) the phenotype of a heterozygote is intermediate between that of the two homozygous phenotypes.   In co-dominance the phenotypes of both alleles are expressed concurrently in heterozygous; i.e., the heterozygote fully expressed the phenotype of both homozygotes.





