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Inheritance of the genotype  

Genetics is the study of inheritable traits.  As organisms live in their environments, 
their cells divide, and, in eukaryotes, one part of cell division involves replication of the 
nucleus.  The nucleus is the location in the eukaryotic cell where chromosomes are 
found.  Chromosomes are discrete segments of DNA, associated with protein 
complexes, in an organism.  (DNA is also found in chloroplasts and mitochondria). 
When not dividing, the DNA of chromosomes is only loosely wound and appears as a 
diffuse mass, called chromatin.  

DNA (deoxyribonucleic acid) is the material where the 
genetic information is stored. DNA is a large macromolecule 
– a polymer of nucleic acids; it is a large linear chain, made 
up adenine (A), cytosine (C), guanine (G) and thymine (T).  
Therefore, DNA can be thought of a long chain of As and Cs 
and Gs and Ts, all arranged in particular order.  This order 
determines the information that the DNA encodes, much like 
the order of letters in words and sentences determine the 
information encoded in the printed word.  There are 
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enzymes (DNA polymerases) that can copy this information into new strands of DNA, 
thereby replicating the genome.  The genome is the sum total of an organism’s genetic 
information (which, again, is encoded in the DNA).  Different 
parts of the genome code for different traits – a gene is a 
segment of DNA that codes for a polypeptide; it corresponds 
to a particular phenotype, or contributes to a phenotype.  A 
locus is a position on a chromosome where the gene for a 
trait resides.  Alleles are different versions of a gene at a 
given locus.   

Genetic information is passed on to new cells by replication 
of the genome by DNA polymerases, and that is how 
different alleles are passed on to progeny cells – that is, this 
is how different genotypes are inherited. 

 

Expression of the phenotype 

This information is not only passed on to progeny, but is expressed as a phenotype. 
According to the schema called the ‘central dogma,’ the information is expressed in 
the following manner: from DNA to RNA to protein (DNA  RNA  protein).  That is, 
there are enzymes that make RNA using DNA as a template, and then proteins are 
synthesized using that RNA as template.  These processes are mediated by other 
macromolecules – an enzyme, RNA polymerase, for DNA  RNA, and a larger, more 
complex structure, the ribosome, for RNA  protein. 

 

Ploidy 

In humans, for the most part, we are diploid, that is, we have 2 copies of the genome – 
one copy inherited from the mother, the other from the father.  As cells divide by 
mitosis, the ploidy is maintained – that is, if there is mitosis of a diploid cell, the 
offspring cell is also diploid.  This entails copying of the entire genome (as was outlined 
above).  A diploid cell is referred to as 2N.  Organisms can also be polyploid – that is, 
they can have more than 2 copies of the genome.   They can be tetraploid (4N), or 
hexaploid (6N), for example.  They can also be haploid (1N).  In mitosis, the ploidy is 
maintained in the progeny cells. 

 

Meiosis  

However, there is also meiosis.  In meiosis, there is reduction of ploidy.  That is, if a 
diploid cell undergoes meiosis, the progeny cells are reduced to haploidy – they only 
have one copy of the genome.  A haploid cell is referred to as 1N.  Meiosis also involves 
crossing over – crossing over is a process whereby genetic information is exchanged 
between chromosomes.  In the example of humans, such as yourself… you have one 
set of chromosomes inherited from your mother, another from your father.  However, 
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the chromosomes in your gametes (sperm or eggs – either of which are haploid), are 
not identical to those of your parents.  This is because of the exchange between 
chromosomes that occurs during crossing over.  Additionally, there are, normally, 
multiple chromosomes in an organism, and these are assorted randomly during meiosis.  
That is, during meiosis the chromosomes from the mother don’t all stay together –they 
will be reassorted with the paternal chromosomes. 

 

Genetic variability 

Genetic variability in sexual outcrossing organisms comes from mixing of gametes (i.e. 
bringing together the parental genotypes), crossing over, and chromosomal 
reassortment.  It also comes from mutations – mutations are inheritable changes in 
the genome.  They arise spontaneously, and plant and animal breeders throughout 
history have taken great advantage of such chance mutations.  However, in classical 
breeding, these chance mutations are just that – up to chance.  By controlled breeding, 
however, humans have been able to breed for specific traits – drought tolerance, 
disease resistance, seed size – the panoply of characters that we see in the food we 
cultivate and eat. 

 

Very basic breeding 

In Mendelian inheritance (name after Gregor Mendel, the late 19th century monk who 
figured out the basics of genetics), the trait of interest is controlled by a single locus.  
However, it is important to note that most traits are controlled by multiple genes (at 
multiple loci), and so Mendelian inheritance doesn’t determine most traits.  However, it 
is much easier to grasp Mendelian inheritance, and it is conceptually the same as the 
genetics of polygenic traits, only less complicated.   

 

Also, in Mendelian inheritance, one allele is dominant over another.  That is, there is a 
dominant and a recessive allele.  The dominant allele determines the trait if it is paired 
with the recessive allele.  It is easiest to understand this in a diploid organism.  In a 
diploid organism, there are two copies of the genome, and therefore two copies at 
every locus.  At this locus, the alleles can either be the same (in which case they are 
homozygous) or different (in which case they are heterozygous).  If one allele fully 
dominates (with respect to the expression of the phenotype), then it is said to be 
dominant.  If one allele is not expressed in the in the presence of the dominant allele, 
it is said to be recessive.  As with polygenic traits, for most traits phenotypic 
expression is much more complicated than simple dominant-recessive, as one allele is 
generally not wholly dominant over another.  However, breeding is easier to understand 
in the instance of dominant and recessive genes, and will make the basic genetics more 
understandable. 
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For example, imagine a diploid organism that is homozygous at a given locus.  If that is 
the case, then the gametes (products of meiosis) will all have the same allele.  If it 
breeds with another individual, it will pass on that allele, and only that allele.  If that 
allele is dominant, and the genotype of the mate is homozygous recessive, then all the 
offspring will have that dominant trait, and, with respect to that trait, the offspring will 
all resemble the parent that provided the dominant allele. 

 

In a second example, imagine that a diploid organism is heterozygous at a given locus.  
In this case, half the gametes will have one allele, and half will have the other allele.  If 
one allele is dominant, and the other recessive, and this individual breeds with a mate 
homozygous for the recessive trait, then half the offspring will express the dominant 
trait, and half will express the recessive trait.   This means that half the offspring will 
exhibit the phenotype of the heterozygous parent, and the other half will exhibit the 
phenotype of the homozygous recessive parent. 

 

Genetic modification 

Genetic modification has been going on for as long as humans have been breeding 
plants and animals.  However, when we refer to genetic modification (e.g. GMOs) we 
are generally referring to the insertion of a single gene into an organism’s genome, and 
this is done in the laboratory by a number of techniques that we will not be discussing 
here.  This type of genetic modification is very powerful, as it allows for the insertion of 
a specific phenotype into an organism, and also it does not require that the gene of 
interest come from the same species as the target organism. 

 

******************************************* 

Section 

In section, your TF will give an interactive demonstration of the following on the board: 

1. DNA: Structure of DNA, base pairs, hydrogen bonding, complementary strands 

2. DNA to Protein: Transcription and Translation 

3. DNA Replication: Mitosis 

4. Sexual Reproduction and Genetic Variability: Meiosis and Fertilization, Punnett 
Squares 

5. Mutation and artificial genetic modification 

 

Come to section prepared to participate in the demonstration and contribute to 
discussion. 

 


