
 

Genetic Information 

 

 

 

 

 

 

 

Assistant lecturer  Mustafa Akram 

College Of Science -   Mustansiriyah University  

 

 

 



Genetic Information 

 Relate the structure of DNA to the storage of genetic information 

The genetic information of an organism is stored in DNA molecules. How can one 

kind of molecule contain all the instructions for making complicated living 

beings like ourselves? What component or feature of DNA can contain this 

information? It has to come from the nitrogen bases, because, as you already 

know, the backbone of all DNA molecules is the same. But there are only four 

bases found in DNA: G, A, C, and T. The sequence of these four bases can provide 

all the instructions needed to build any living organism. It might be hard to 

imagine that 4 different “letters” can communicate so much information. But 

think about the English language, which can represent a huge amount of 

information using just 26 letters. Even more profound is the binary code used to 

write computer programs. This code contains only ones and zeros, and think of 

all the things your computer can do. The DNA alphabet can encode very complex 

instructions using just four letters, though the messages end up being really long. 

For example, the E. coli bacterium carries its genetic instructions in a DNA 

molecule that contains more than five million nucleotides. The human genome 

(all the DNA of an organism) consists of around three 

billion nucleotides divided up between 23 paired DNA molecules, 

or chromosomes. 

The information stored in the order of bases is organized into  genes: each gene 

contains information for making a functional product. The genetic information is 

first copied to another nucleic acid polymer, RNA (ribonucleic acid), preserving 

the order of the nucleotide bases. Genes that contain instructions for making 

proteins are converted to messenger RNA (mRNA). Some specialized genes 

contain instructions for making functional RNA molecules that don’t 

make proteins. These RNA molecules function by affecting cellular processes 

directly; for example some of these RNA molecules regulate the expression of 

mRNA. Other genes produce RNA molecules that are required for  protein 

synthesis, transfer RNA (tRNA), and ribosomal RNA (rRNA). 



In order for DNA to function effectively at storing information, two key processes 

are required. First, information stored in the DNA molecule must be copied, with 

minimal errors, every time a cell divides. This ensures that both daughter cells 

inherit the complete set of genetic information from the parent cell. Second, the 

information stored in the DNA molecule must be translated, or expressed. In 

order for the stored information to be useful, cells must be able to access the 

instructions for making specific proteins, so the correct proteins are made in the 

right place at the right time. 

 

Figure 1. DNA’s double helix. Graphic modified from “DNA chemical structure,” by Madeleine Price 

Ball, CC-BY-SA-2.0 

Both copying and reading the information stored in DNA relies on base pairing 

between two nucleic acid polymer strands. Recall that DNA structure is a double 

helix (see Figure 1). 

The sugar deoxyribose with the phosphate group forms the scaffold or 

backbone of the molecule (highlighted in yellow in Figure 1). Bases point inward. 

Complementary bases form hydrogen bonds with each other within the double 

helix. See how the bigger bases (purines) pair with the smaller ones 

(pyrimidines). This keeps the width of the double helix constant. More 

specifically, A pairs with T and C pairs with G. As we discuss the function of DNA 

in subsequent sections, keep in mind that there is a chemical reason for specific 

pairing of bases. 

https://en.wikipedia.org/wiki/File:DNA_chemical_structure.svg


To illustrate the connection between information in DNA and an observable 

characteristic of an organism, let’s consider a gene that provides the instructions 

for building the hormone insulin. Insulin is responsible for regulating blood 

sugar levels. The insulin gene contains instructions for assembling the protein 

insulin from individual amino acids. Changing the sequence of nucleotides in the 

DNA molecule can change the amino acids in the final protein, leading to protein 

malfunction. If insulin does not function correctly, it might be unable to  bind to 

another protein (insulin receptor). On the organismal level of organization, this 

molecular event (change of DNA sequence) can lead to a disease state—in this 

case, diabetes. 

 


