DNA — (Deoxyribonucleic acid)

Deoxyribonucleic acid, or DNA, is a molecule that contains the instructions an organism needs
to develop, live and reproduce. These instructions are found inside every cell, and are passed
down from parents to their children with roughly half of a child’s DNA originating from the
father and half from the mother.

DNA structure

DNA is made up of molecules called nucleotides. Each nucleotide contains a phosphate group,
a sugar group and a nitrogen base. The four types of nitrogen bases are adenine (A), thymine
(T), guanine (G) and cytosine (C). The order of these bases is what determines DNA's
instructions, or genetic code. Human DNA has around 3 billion bases, and more than 99 percent
of those bases are the same in all people.

Similar to the way the order of letters in the alphabet can be used to form a word, the order of
nitrogen bases in a DNA sequence forms genes, which in the language of the cell, tell the cells
how to make proteins. Another type of nucleic acid, ribonucleic acid, or RNA, translates
genetic information from DNA into proteins.

Nucleotides are attached together to form two long strands that spiral to create a structure called
a double helix. If you think of the double helix structure as a ladder, the phosphate and sugar
molecules would be the sides, while the bases would be the rungs. The bases on one strand pair
with the bases on another strand: adenine pairs with thymine, and guanine pairs with cytosine.
DNA molecules are so long that they can't fit into cells without the right packaging. To fit
inside cells, DNA is coiled tightly to form structures we call chromosomes. Each chromosome
contains a single DNA molecule. Humans have 23 pairs of chromosomes, which are found
inside the cell's nucleus. The genetic code remains fixed in it. The structure of the DNA
molecule is like a curved ladder (staircase).

DNA discovery

DNA was first observed by a German biochemist named Frederich Miescher in 1869. But for
many years, researchers did not realize the importance of this molecule. In 1953, James
Watson, Francis Crick, Maurice Wilkins and Rosalind Franklin figured out the structure of
DNA, a double helix which they realized could carry biological information. The DNA
molecule is three-dimensional and is made up of two fibres that are coiled around each other.
Franklin and Wilkins's study of X-ray diffraction of DNA has shown that DNA is double-
stranded. Watson, Crick and Wilkins were awarded the Nobel Prize in Medicine in 1962 "for
their discoveries concerning the molecular structure of nucleic acids and its significance for
information transfer in living material.” Franklin was not included in the award.

Strands of DNA are looped, coiled and wrapped around proteins called histones. In this coiled
state, it is called chromatin. Chromatin is further condensed, through a process
called supercoiling, and it is then packaged into structures called chromosomes. These
chromosomes form the familiar “X” shape. Chromosome 1 is the largest and contains around
8,000 genes. The smallest is chromosome 21 with around 3,000 genes.

DNA is usually in the form of chromosomes. The set of chromosomes in a cell forms its
genome. The human genome contains approximately 3 billion base pairs of DNA in a system
of 46 chromosomes. Each length of DNA that codes for a specific protein is called a gene. The
transmission of genetic information in genes is achieved through complementary base pairing.
For example, when a cell uses information in a gene, in transcription, the DNA sequence is
mimicked in a complementary RNA sequence through attraction between the DNA and the
correct RNA nucleotides. Typically, this RNA mimicry then relies on the same interaction
between RNA nucleotides used to create a matched protein sequence in a process called
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translation. A cell can simply copy its genetic information into a process called DNA
replication.
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Physical structure

According to the Watson and Crick model-

1. DNA molecule is made up of two coils, which consists of two strands of DNA. Both fibres
remain parallel, which means that the sequence of nucleotides in one fibre is in the direction of
5 'to 3' and in the other in the direction of 3 'to 5'. (3 'and 5' means those carbon atoms with
which phosphate groups are attached.)

2. The base sugars of the coil are made up of phosphate and the nitrogenous bases are attached
to the sugars.

3. The bases of both fibres are joined by hydrogen bonds.

4. Base coupling is highly specific according to Chargaff's rules. An adenine purine base is
always coupled with a thymine-pyrimidine base. The purine base is combined with the
guanine-pyrimidine base, cytosine. These pairs of bases are called complementary bases.

The amount of cytosine, guanine, adenine, and thymine vary from species to species.

Most DNA lives in the nuclei of cells and some is found in mitochondria, which are the
powerhouses of the cells and some in chloroplast.

For genes to create a protein, there are two main steps:

Transcription: The DNA code is copied to create messenger RNA (mMRNA). RNA is a copy
of DNA, but it is normally single-stranded. Another difference is that RNA does not contain
the base thymine (T), which is replaced by uracil (U).

Translation: The mRNA is translated into amino acids by transfer RNA (tRNA).

MRNA is read in three-letter sections called codons. Each codon codes for a specific amino
acid or building block of a protein. For instance, the codon GUG codes for the amino acid
valine.

There are 20 possible amino acids.
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