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II: Genes and Heredity 

IIa) Genetic Material 

As described previously, the cell is the basic structural unit of living things. It is the 
fundamental unit of which all organisms are composed. The cell is made up of specialized 
structures, each of which carries out one or more specific functions. One such cellular structure 
is the nucleus. The nucleus is a region inside the cell that is enclosed in a nuclear membrane and 
that contains the genetic material that carries specifications for reproduction of the cell, for 
building all the cellular components, and for coordinating cellular function. Chromosomes, 
genes, and DNA are important components of genetic material.  

Chromosomes are discrete physical units that can be thought of as packages containing 
defined sets of genes, each of which is in a particular location on the chromosome. Humans have 
23 pairs of chromosomes—or 46 chromosomes—in the nucleus of body cells. Each chromosome 
contains a defined set of hundreds or thousands of genes. The chromosome is composed of a 
long strand of DNA (deoxyribonucleic acid). If you observed DNA with a very powerful 
microscope, you might be able to see that its structure is a double helix and resembles a “twisted 
ladder.” Each gene, specifying the information for a particular hereditary characteristic, is found 
in a specific region of the DNA. The array of genes contained in the chromosome run in a linear 
fashion, with one gene following another along the length of the DNA.  

    
  Chromosomes    A Section of a Chromosome 

Connecting the two sides of the DNA ladder are “rungs,” each rung being made up of 
two units that, together, form a pair. A letter, which corresponds to the first letter of the units’ 
names, identifies the individual units that make up the pair. The units are: A (adenine), T 
(thymine), C (cytosine), G (guanine). The units pair according to a specific rule. For each rung of 
the double helix, the A unit always pairs with a T unit (or vice versa) and the C unit always pairs 
with a G unit (or vice versa). Therefore, each rung is made up of one of the pairs—either AT or 
TA or CG or GC. With other pair combinations, the ladder will fall apart. The ladder only “fits 
together” when the pairs AT, TA, CG, or GC are used.  
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Rungs of the DNA Ladder 

 

IIb) Genes as Coded Information 
A gene is a unit of information about a particular trait or characteristic. The DNA code 

for each gene provides information for the particular trait. To make sense of the ladder, blocks of 
three letter combinations of the letters A, T, C, or G are read in sequence down one side to 
determine which of 20 building blocks is required to make a particular gene product. The units 
on the other side do not make sense. In looking at all the genes on the ladder, some are read as 
making sense on one side of the ladder, while others are read as making sense on the other side.  

 
Reading the DNA Ladder 

IIc) Gene Versions  

In the body cells of organisms that reproduce sexually, the chromosomes occur in pairs. 
One member of the pair has a set of genes derived from the male sperm. The other member of 
the pair has a set of genes derived from the female egg. Each of the two chromosomes that make 
up the pair carries the same sequence of genes in the same order on the chromosome. However, 
the two chromosomes may have slightly different versions, or alleles, of the same gene. Some 
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genes have a dominant and a recessive version. Dominant genes are usually represented as 
upper-case letters. Recessive genes are usually represented as lower-case letters.  

With the dominant version, the gene must be present on only one member of the pair for 
the trait to be expressed. If one member of the chromosome pair bears the dominant gene and 
one member of the pair bears the recessive version, only the dominant trait will be expressed. In 
this case the recessive version of the gene is “masked.” With the recessive version, the gene must 
be present on each member of the chromosome pair for the trait to be expressed. For example, 
individuals who can taste PTC (phenylthiocarbamide) have at least one copy of a dominant gene 
(T) that codes for a structure on the tongue that can respond to bitter compounds and enables the 
person to taste PTC. Individuals who cannot taste PTC have two copies of a recessive gene (t) 
that codes for a structure on the tongue that is not sensitive to PTC. An individual needs to have 
only one copy of the T allele to taste PTC. Therefore, in the case of PTC, T is dominant to t. 
Individuals who can taste PTC have either gene versions TT or Tt. Individuals who cannot taste 
PTC all have gene versions tt. 

Some traits, such as hair curliness, result from gene versions that are neither dominant 
nor recessive. Other traits, such as hair color and eye color, result from the interaction of several 
different genes, which may be located on different chromosomes. 
 

IId) Passing on of Genetic Information Through Asexual Reproduction 
Reproduction is the process by which living things give rise to offspring (new 

individuals). Heredity, also called inheritance or biological inheritance, is the passing on of 
genetic information from parents to offspring through asexual reproduction or through sexual 
reproduction. Prokaryotes (Archaea and Bacteria) are unicellular organisms that do not have a 
nucleus. They reproduce asexually through binary fission—a process in which the parent 
organism divides to produce two genetically identical daughter organisms. Some eukaryotes, 
unicellular organisms that have a nucleus (such as protists and unicellular fungi), may reproduce 
asexually in a similar manner through mitosis. However, most of these organisms are also 
capable of reproducing sexually. See Section IIIe (The Reproductive System) for more 
information about asexual reproduction. 

The sequence of events by which an organism reproduces by binary fission and results in 
two new daughter cells being exact genetic copies of the parent cell is as follows: When the 
parent cell begins to divide, it increases in size and creates a duplicate copy of the DNA 
information. To create the copy, the DNA unzips along the rungs of the DNA ladder where the 
unit pairs. According to the pairing rule, a new unit is added to each of the exposed single units 
of the unzipped DNA. For example, an A is added to a T or vice versa and a C is added to a G or 
vice versa. After duplication of the DNA has been completed, the dividing cell has two 
chromosomes, each containing an identical set of genes, where before there was only one. 
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  DNA Unzips    Duplication of DNA Completed 

 
 

 
Parent Cell Divides into Identical Daughter Cells 

 

 
IIe) Passing on of Genetic Information Through Sexual Reproduction 

Many organisms, including humans, have sexes and pass information on through the 
process of sexual reproduction. This requires the union of two specialized cells, the sperm from 
the male and egg from the female. In the body cells of sexually reproducing organisms, each 
chromosome occurs as a pair. For example, an onion has 8 pairs of chromosomes for a total of 
16; a mosquito has 3 pairs of chromosomes for a total of 6; a sunflower has 17 pairs for a 
total of 34; a dog has 39 pairs for a total of 78; humans have 23 pairs of chromosomes for a 
total of 46. One chromosome, or member of the pair, is derived from the male; one chromosome, 
or member of the pair, is derived from the female.  

In the formation of the sperm and egg that occurs in the reproductive cells of the male 
and the female, specialized sex cells undergo mitosis until they begin to develop into gametes 
with each gamete receiving only one chromosome from each of the chromosome pairs. A two-
phase division process called meiosis accomplishes reduction from the diploid number of 
chromosomes to the haploid number. For example, in humans the mature sperm or gametes 
produced in the male reproductive organs each contain 23 single chromosomes.  
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Mitosis 

      
                     Chromosomes Double         Identical Daughter Cells Form 

 
Meiosis I 

     
Two Homologous Diploid Chromosomes Form 

 

Meiosis II 

 
Four Haploid Chromosomes Form 
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In the formation of the fertilized egg, or zygote, the male sperm cell and female egg cell 
unite. Since each sex cell contributes one set of single chromosomes, the fertilized egg contains 
pairs of chromosomes. For example, the fertilized egg of humans contains 23 chromosome pairs, 
for a total of 46 chromosomes (the diploid number of chromosomes). For any particular 
chromosome pair, one chromosome contains a set of genes derived from the male and one 
chromosome contains a set of genes derived from the female. Because the body cells of the new 
organism that develops contains genes that come from two parents, the genetic information of 
the offspring is not identical to that of either parent. Therefore, it is not an exact genetic copy of 
either parent.  

       
  Male Sperm   Female Egg   Zygote 

After fertilization, the zygote, containing genes from each parent, divides to form the 
cells of the body through the process of mitosis. In mitosis the complete sequence or set of genes 
on each member of the paired chromosomes is copied. As the cell divides, each daughter cell 
receives a complete set of chromosomes so that each new cell gets a complete copy of all the 
genes derived from both parents. Therefore, each body cell contains an identical set of genes. 

The mechanism of DNA copying and migration of chromosomes into daughter cells as 
the cell divides occurs before and after birth and continues until the organism dies. It is basically 
identical to that described in the previous section and summarized below.  

The original cell increases in size and creates a copy of the DNA information in each of 
its chromosomes. After the copying has been completed, each original chromosome has formed 
two chromosomes. Each of these two chromosomes has genes that are identical. As the cell 
divides, one complete set of pairs of chromosomes, containing a complete set of the genes for the 
cell, migrates to each of the two new daughter cells. So, each new cell receives an identical set of 
chromosome pairs containing an identical set of genes. Because the DNA information of the 
original cell was faithfully copied the genes of each new cell are identical to the genes of the 
original cell. The new cells are exact genetic copies of the original cell. 

It is important to realize that although body cells contain copies of the same set of genes 
present in the original zygote, not all the genes are “on” in every cell. Turning individual genes 
“on” or “off” enables cells to take on particular specialized functions. Cells have precise 
mechanisms that generate and respond to signals so that specific genes are turned “on” or “off” 
in the correct cells at the correct time. For example, a red blood cell must make hemoglobin so 
that it can carry oxygen; a skin cell must make keratin to give strength and protection to the outer 
layer of the body. A skin cell does not make hemoglobin and a red blood cell does not make 
keratin. The information for making each specific product (keratin or hemoglobin) is written in 
the DNA code for a specific gene located in a particular region of the DNA. The result of 
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specific genes being “on” or “off” in the correct cells at the correct time results in the required 
product being made or not made in an appropriate place and at an appropriate time. 

 
IIf) Mutations 

As genes are replicated during cell division, changes may occur in DNA information 
content. These changes in information content are termed mutations. When mutations occur in 
the sex cells, the altered genes may be passed on from parent to offspring. Mutations that 
interfere with normal cell function can result in genetic diseases. 

As well as errors in copying the DNA, there can also be errors in which one or more of 
the chromosome pairs does not separate normally during cell division. Therefore, it fails to be 
properly divided between daughter cells as the sex cells mature. Consequently, one daughter cell 
may lose or gain an entire chromosome. 

Some mutations have very serious effects, leading to genetic diseases. In other cases, the 
mutation has only a slight or even no effect on the function of the cell. 
 


