
 

CELL     NUCLEUS    CHROMOSOMES (DNA)    GENES (Part of DNA)     BASES 
 

EUKARYOTE (Animals, Plants, Fungi, Protists, 
Humans) has nucleus in their cell (exception: Mature-
red-blood cells do not have nucleus / DNA)  
 
HIGHER EUKARYOTES are (e.g. Humans & Mice) 
 

                          
 
 
        
 

 

 

 
              
Structure  of ORGANISM   
(Reference  : BA BIOLOGY DNA by  Gwendoline Hirst) 
 
Eukaryotic -Chromosome-Pair, as seen during cell division (DUPLICATED - CHROMOSOMES  
STUCK TOGETHER in middle). Normally Chromosomes lie loosely in the nucleus. 
 
CELLS are the fundamental working units of every living being (ORGANISM).  
All the instructions needed to direct their activities are contained within the chemical  
DNA (deoxyribonucleic acid).  
 

 

 ( Reference : Cellular Fountain of Youth by Benjamin Katchman  
 https://askbiologist.asu.edu/plosable/cellular-fountain-youth )

 

In Human’s white blood cell, the length of the 
TELOMERE indicates the biological age of a 
person which reflects the chronological age of 
the person. Telomere length (Number of bases) 
decrease from about 8000 to few 100 as we 
age. BUT it can be increased by YOGA to 
increase the chronological age of the person. 
The life of a person is fixed in terms of “Total 
breaths” & not number of years. By Pranayam 
& Meditation, number of breaths per min. can 
be reduced & hence life span in terms of years 
is increased…………………………………..ssgokharu 

Telomere 



 
 

 
 

DNA - CHROMOSOME – GENE 
The diagram above on right side shows a GENE in relation to the double helix structure of DNA 
(DEOXYRIBO-NUCLEIC ACID), molecule in form of 1 CHROMOSOME (Double-stranded SINGLE 
molecule of DNA). INTRONS (non-coding DNA) are regions often found in Eukaryotic - GENES, 
which are removed in the splicing process, after the DNA is transcribed into RNA. Only the EXONS 
encode the Protein. 
 

Thus DNA from all organisms is made up of the same chemical and physical components. The 
DNA sequence is the particular side-by-side arrangement of bases along the DNA strand (e.g., 
ATTCCGGA). This order spells out the exact instructions required to create a particular organism 
with its own unique traits. 
 
HUMAN CELL  
 

 

(Reference :  GENETICS HOME REFERENCE – U.S. National Library of Medicine) 
 
 

Each human-cell  has 1 nucleus , which has a DNA in form of one set i.e. 23 PAIRS of  
CHROMOSOMES  
 

Nucleous has 22 PAIRS of Chromosomes (Autosomes) and a 23rd PAIR, which is not a pair in 
sense of EQUALITY but has 2 different Chromosomes, X & Y Chromosomes in MALE-CELL. 
Whereas 23rd pair in FEMALE-CELL has same Chromosomes, X & X.  
Thus, TOTAL Chromosomes (DIPLOID Number) in 1 human cell = 46.  
 
GENOME is an organism’s complete set of DNA in its CELL. Genomes vary widely in size. 
The smallest known genome for a free-living organism (a bacterium) contains about 600,000 
DNA base pairs, while human & mouse genomes have some 3 billion. Except for mature red 
blood cells, all human cells contain a complete genome. 
 
 (Ref.  http://www.ornl. gov/sci/tec hresources/Human_Genome/project/info.sh tml ) 
 

 
DNA in the human genome has 24 distinct types of chromosomes (22, X & Y) - physically 
separate molecules, that range in length from about 50 million to 250 million base pairs. A 
few types of major chromosomal abnormalities, including missing or extra copies or gross 
breaks and re-joinings (translocations), can be detected by microscopic examination.  
 

An extra chromos ome is abnormally possible, depending  on which one  is dup licated, it is the 
reason for conditions like Trisomy 18, Trisomy 13, Down Syndrom e, Triple  X Syndrome,  
Klin efelt er's Syndrom e, and more. The types of problems and the severity will depend on which 
chromosome is tripled. 
 

 



 
GENES in CHROMOSOMES 
 

Genes  are  Chromosome  pieces, holding  the  individual‘s  instructions  for  growth &  
healthy maintenance of  the individual’s   body (unless an individual puts much-abnormal 
burden on the body systems). In EVERY CELL of human body, there  are 20,000 to 25,000 
GENES located on 46  chrom osomes,  occurring  as 23  pairs  in  every  cell   of  their  body.  

 

We get   23 single chromosome from the mother in the egg, and 23 single chromosome from the 
father in the sperm. The combined first 22 autosome pairs are labeled (numbered) longest to 
shortest. The last pair is called the sex-chromosomes labeled X and Y.  Females have two X 
chromosomes (XX), and males have an X and a Y chromosome (XY). 
 

GENES make up less than 5 percent of human DNA; the remaining DNA has important but 
still unknown functions including regulatory & other unknown genes. GAMETES (Sex Cells) & 
ZYGOTE (Eukaryotic cell)  
GAMETE is a singl e male or female reproductive CELL (mature SPERM-CELL or EGG-CELL), 
capable of fusing with a single cell of the other sex to form a ZYGOTE.  

 
HAPLOID-NUMBER is the number of chromosomes in a GAMETE (It is 23) 
DIPLOID-NUMBER is the number of chromosomes in a ZYGOTE (It is 46) [ 23 TYPES of 
chromosomes in FEMALE ]  & [ 24 TYPES in MALE (one part of pair of chromosomes is having 
X as 23rd & other part of the pair of chromosomes is having Y as 23rd) ] 
The double-chromosome set  (DIPLOID) of  the  resulting  ZYGOTE  contains  the  genetic 
information programming the growth of the NEW individual. 
 

EGG: A female’s gamete - an ovum - also called egg cell – has 23rd  Chromosome as only X-
sex (Female) chromosome for both chromosomes, as 23rd pair. 
 

 

SPERMS: A male gamete’s 23rd chromosome can be X or Y. So in population of sperms, 

some sperms have 23rd Chromosome as only X-sex (Female) chromosome & rest of the sperms 

have 23rd  Chromosome as only Y- sex (Male) chromosome, 
 

Thus the sperm cell determines the sex of an individual in this case. If a sperm cell containing an 
X chromosome fertilizes an egg, the resulting ZYGOTE will be XX or female. If the sperm 
cell contains a Y chromosome, then the resulting zygote will be XY or male. 
 

GENE & PROTEIN 
All organisms contain proteins, which provide the structural components of all cells and tissues as 
well as specialized enzymes  for all essential chemical reactions. 

GENE is a piece of CHROMOSOME (DNA) that contains instructions for building a particu lar 
pro tein. Proteins are essential for all aspects of life - not only how we look but also how well we 
process foods, detoxify poisons & respond to infections. All organisms contain proteins, which 
provide structural components of all cells and tissues & specialized enzymes for all essential 
chemical reactions. 

Actually,  there  is  no  GENE  for  Breast  cancer  but  mutation  in  a  GENE  may  increase 
probability of a  Breast cancer. Also a woman may have breast cancer, without the mutated 
gene for it. 

Each chromoso me contains many genes, the basic physical  and funct ional  units of 
heredity . 
Genes are specifi c sequences of  bases that encode inst ruc tions on how to make pro teins. 
Genes comprise only about 5% of the human genome; the remainder consists of non-
coding  reg ions, whose  funct ions  may  inc lude  providing  chromosomal  structural  integrity  
and regulating where,  when, and in what  quant ity are made.  
 

 

The  human g enome is estimated to contain  20,000-25,000 genes (March 2008). 
 

NOTE: Some information in this article is repeated to clarify with reference to the context . 
 



 
 

FROM GENES to PROTEIN 
Although ge get a lot of attention, it‘s the proteins  that perform most life functions. Pro teins  are 
large, complex molecules made up of smaller subunits called amino acids .  Chemical 
properties that  distinguish the 20 di fferent  amino acids  cause the protein chains to fold up 
into specific three-dimensional structures that define their particular funct ions in the cell. 
The  constellation  of  all  proteins in a cell  is called its  PROTEOME.  

 

Unlike the relatively  unchanging genome, the  changes from minute  to  minute , in response 
to tens of th ousands of int ra and extracellular envi ronmental signals , do take place . A 
pro tein’s  chemis try and behavior  are specified by the  gene sequence and by the number and 
identities of other proteins made in the  same cell  at the  same time and with  which it  
associa tes and reacts. Studies to explore protein structure and activities, known as  
proteomics, will be the focus of much research for decades to come and will help elucidate the 
molecular basis of health and disease. 
  

A TIMELINE OF HUMAN GENOME PROJECT :   

 
 

(Reference : http://www.newworldencyclopedia.org/entry/Human_genome) 
 

Although  a publicly funded HUMAN GENOME PROJECT, to establish sequencing of 
the human  genes  in  chromosomes, was started in Feb.2001 and was fast completed in  
April  2003, celebrating it as essentially "finished”, producing HUMAN- GENOME-MAP 
containing  30,000 to 35,000 GENES, yet the exact num ber of GENES encod ed by 
the uman  genome  is still  unknown.  
 

OCTOBER 2004 FINDINGS: from the INTERNATIONAL HUMAN GENOME SEQUENCING 
CONSORTIUM, led in the United States by the NATIONAL HUMAN GENOME RESEARCH 
INSTITUTE (NHGRI) and the DEPARTMENT OF ENERGY (DOE), reduced the estimated 
number of human pro tein-coding  genes from  35,000 (on completion of Human-genome-
Project in April  2003 to only 20,000 to 25,000, a surprisingly low  number  for our species. 
Consortium researchers have confirmed the existence of 19,599 pro tein-codi ng genes in the 
human genome and identified another  2,188 DNA segments that are predicted to be  pro tein-
coding ge nes. 
 

YEAR 
 

None  No. of years to it  would take to sequen ce 
the hu man genome 

1967 None Sequencing not possible yet 

1977 3 genes mapped 4,000,000 years to finish at 1977 rate 

1987 12 genes mapped 1000 years to finish at 1987 rate 

1997 30,000 genes mapped 50 years to finish at present rate  

2003 20,000 to 25,000 genes mapped Human Genome Project completed  



 
 

 
(Reference : http://www.diffen.com/difference/DNA_vs_RNA) 
 

DNA is the chemical that stores coded  inform ation  on  how, when, and where an 
organism should  make many thous ands  of  dif ferent pro teins  required for life. In other 
words, DNA is the imprint of the human  organism, containing instructions to provide all the 
information necessary for giving birth to growth to healthy - functioning of all organs of our 
body, during its life time, unless we do not follow signals in advance of our doing  something 
wrong, incl. improper or over-eating, going in tension or depression, more than our natural 
tolerable limit, which can be coped-up, by our DNA. 
DNA (Deoxyribo  - nucleic acid)  - An organic acid as polymer composed of 4 NITROGENOUS  

BASES- adenine (A), thymine (T), cytosine (C), and guanine (G). Strands of the DNA molecule 
are held together by paired-bases (Ex. adenine-thymine A-T, cytosine-guanine C-G etc. [ Do uble 
Helix resembles a spiral staircase in which the paired bases form the steps and the sugar-
phosphate ba ckbon es form arms of Ladder. 
 

DNA & RNA definition :  

DNA, the nucleic acid contains the genetic instructions used in the development and functioning 
of all modern living organisms. DNA's genes are expressed, or manifested, through the proteins 
that its nucleotides produce with the help of RNA. The information found in DNA determines which 
traits are to be created, activated, or deactivated, while the various forms of RNA do the work. 
 
DNA & RNA function:  
DNA is Double-stranded. It has two nucleotide strands which consist of its phosphate group, five-
carbon sugar (the stable 2-deoxyribose), and four nitrogen-containing nucleobases: adenine, 
thymine, cytosine, and guanine. 
 



 
 
 
RNA is Single-stranded. Like DNA, RNA is composed of its phosphate group, five-carbon sugar 
(the less stable ribose), and 4 nitrogen-containing nucleobases: Adenine, Uracil (not thymine), 
Guanine, and Cytosine. 
 
 

DNA & RNA Location  & Propagation :   
DNA is found in the nucleus of a cell and in mitochondria.  
RNA - Depending on the type of RNA, this molecule is found in a cell's nucleus, its cytoplasm, and 
its ribosome. 
 

 

DNA is self-replicating while  RNA is synthesized from DNA when needed. 
 
     

 
 



 

 
 Reference:  https://sites.google.com/site/mrsjperoid8/11-reproduct 

 
A     C    G  CODING 1 AMINO ACID 
 

Base pairs in DNA bond together to form a ladder -like structure. Because bonding occurs 
at angles between the bases, the whole structure twists into a helix 
     Nucleotides are always paired in the same way 
     A-----------T 
     G----------C 
How the nucleotides of DNA are arranged make the "sentences" of genes. Genes determine 
what  proteins will be made!  
DNA is made up of molecules called NUCLEOTIDES.  

Each nucleotide contains a PHOSPHATE GROUP, a SUGARGROUP and a NITROGEN 
BASE.  

The four types of NITROGEN BASES are adenine  (A), thymine  (T), guanine (G) 
andcytosine  (C). The order of these bases is what determines DNA's instructions, or genetic. 

SEQUENCE: A  nucleotide pattern of ACGT on one stran d, means a  pattern of TGCA on 
the other. The pattern of nucleotide distribution is called a “ SEQUENCE”  
 

(1) Some parts of DNA [The SEQUENCE of  BASES (A,T,G,C) are PROTEIN-CODING-
GENES 
 
(2) Not all GENES code ultimately for building material - proteins (such as keratin that 
makes up part of our skin, or rhodopsin that makes eyes sensitive to light). 
 
(3) Some parts  of our DNA are control GENES-EXPRESSION, turning GENES on 
and off.  For example, REGULATORY GENES tell the cells of the fly - when and 
where to start building wings. Regulatory genes needed to provide for the complexity 
of patterns expresse d in our anatomy, physiology and physical behavior



  
Reference  : Understanding Evolution … 
http://evolution.berkeley.edu/evolibrary/article/evodevo_05 
 

(4) Some parts  of our DNA have no function 
 
(5) Some parts  of our DNA have a function that we don’t  understand 
 
NOTE: Part of No.(3) & (4) & (5) are sometime referred as JUNK-DNA (abou t 97%) 
 

   

GENOME 
A genome  is  a  complete  set  of  genes  (coded  instructions)  for  making  and  
maintaining  an organism. It is made up of the chemical DNA. 

HISTONES 
DNA is wrapped or looped using a  protein-matrrix 
Without HISTONES, DNA will be very long, They act as spools around which  DNA winds, 
and they play a role in  gene regulation. 
 
There are a total of six c lasses of  his tones (H1, H2A, H2B, H3, H4, and H5) organized into 
2 super c lasses as follows: 
CORE HISTONES – H2A, H2B, H3 and 
H4 LINKER HISTONES – H1 and H5 
 

Two (2) each of the core histones assemble to form one octameric NUCLEOSOME CORE 
PARTICLE by wrapping 146 base pairs of DNA around the protein spool. The most basic 
such formation is the 10 nm fiber or beads on a string conformation. This involves the 
wrapping of DNA around nucleosomes with approximately 50 base pairs of DNA spaced 
between each nucleosome (also referred to as LINKER-DNA).  
 

                     The assembled histones and DNA is called CHROMATIN. 
 

NUCLEOSOME is a section of DNA that is wrapped around a core of proteins. Inside the 
nucleus, DNA forms a complex with proteins called CHROMATIN, which allows the DNA to be 
condensed into a smaller volume. When the chromatin is extended and viewed under a 
microscope, the structure resembles beads on a string. Each of these tiny beads is a called a 
NUCLEOSOME and has a diameter of approximately 11 nm. The nucleosome is the 
fundamental subunit of chromatin. Each nucleosome is composed of a little less than 2 turns of 
DNA wrapped around a set of eight proteins called HISTONES, which are known as a histone 
octamer. Each histone octamer is composed of two copies each of the histone proteins H2A, 
H2B, H3, and H4. The chain of nucleosomes is then compacted further and forms 
CHROMOSOME (DNA and PROTEIN)  

                

           

NUCLEOSOME-Compl ex consisting of:  
–  200 bp ( Base-Pairs) of DNA wrapped  

around 8 histones – octamer. 
–   8 histone proteins in core - octamer 
–   H1 histone stabilizing Core (146 bp 

base-Pairs DNA and 2 each of H2a, H2b,    
H3 and H4) 

 
 



 
 

  
 
Ref:  http://study.com/academy/lesson/the -structure -of-chromosomes.htm  

 

 
 

REF : https://www.slideshare.net/ArtiGupta11/chromosome-54646725 
                            Arti Yadav, Dept. of Botany, DEI, Agra SLIDESHARE Chromosome) 

 

NUCLEOSOMES 

 
 



NUCLEOTIDES are the build ing blo cks of DNA 
AMINO ACIDS are the build ing blo cks of PROTEINS (Each Prot ein has its  Sub-units , called 
Amino-acids). EACH PROTEIN has its own UNIQUE AMINO ACID SEQUENCE which itself is 
specified by the  CODON sequen ce of the gene  encoding this protein. 
 

EACH CODON encodes a  1 AMINO ACID 
 

There are 64 (4^3 =4x4x4) different 3 Letter-Codon  permutations from 4 different BASES 
(ATGC). But there are only  20 22 amino acids. (Now we know that there are 22 amino acids, two 
of which are rare, but have been found in some species). That means that  some amino acids are 
encoded by multiple codo ns. We refer to this as the redun dancy of the genetic code. 
 

DNA to PROTEIN (Protein-synthesis)   
                  GENETICS is the science of heredity and variation in living organisms. 
 

(1) TRANSCRIPTION: Building of  RNA 
copy (pre-mRNA) of DNA 
(2) SPLICING:Introns of pre-mRNA 
are removed and  exons are joined to 
form mature messenger RNA mRNA 
(Broadly  speaking, it is modification 
of genetic information, from DNA to 
RNA) 
(3) TRANSLATION:GENE translation 
from  RNA  to  PROTEIN  (Codon s  
in mRNA molecule is translated into 
the sequence  of  AMINO  ACIDS  in  
the PROTEIN. 

 
Note:  The majority of life on 
earth is pro karyot ic 
(BACTERIA), and prokaryotic 
genes do not contain introns  

EXON is any part of a gene that will encode a part of the final mature RNA produced by that gene 
after introns have been removed by RNA splicing. The term “exon” refers to both the DNA 
sequence within a gene and to the corresponding sequence in RNA transcripts 

INTRONS are non-coding sections of an RNA transcript, or the DNA encoding it, that are spliced 
out before the RNA molecule is translated into a protein. The sections of DNA (or RNA) that code 
for proteins are called exons. 
 

HUMAN GENOME 
The Human  Genome (23 pairs of chromosomes) is composed of hundreds of genes  separated 
by intergenic regions, containing  regulatory sequen ces (short sequences that appear near or 
within genes - crucial for controlling gene expression ) and  non -coding  DNA.  Regul atory 
Sequen ces and Non coding  DNA  is about 95 % of Total DNA. Thus .PROTEIN-CODING-DNA 
is  only about 5 %  of  TOTAL DNA and  about   0.15 % of  this  5 % of  DNA dif fer to  justi fy 
unique ness of  one indi vidu al human b eing among 7  bi llions  on t his  earth. 
 

Ref. ht tp://www.ncbi .nlm.nih.gov/sites/entrez?db=genomeprj&cmd=Retrieve&dopt=Overview&list_uids=9558 
 
HUMAN-GENOME PROJECT: In this  Project,  researchers from 120 countries, analyzed 
samples of DNA taken from CELLS of people from different ethnic groups in the world for 
mapping of human DNA. The project was completed in April 2003, producing a genetic blueprint 
of life, with about  25, 000 genes,  containing  more  than   1.4  million  SNPS  (single nucleotide 
polymorphisms) in the 3 bil lion  letters  ( A T G C ) of  the human  genetic  code.  
 

 
 



 
SNPS are single changes (variations) in the arrangement of 3 billion letters, which make people 
different. They hold the key to susceptibility to illnesses such as cancers, diabetes, skin, heart 
etc. diseases (due to mutations in certain genes with individual responses to medication, 
Longetivity etc. The Human G enome  Pro ject has revealed that :  
(a) Every human cell, not only, contained, 23 pairs of chromosomes, BUT all Chromosomes of all 
humans, almost contain FUNCTIONALLY same GENES with minor variations. 
(b) There are far fewer human genes than scientists had expected. 
(c) PROTEINS, which build tissues and regulate the body's function, are much more complex than 
they thought. The nematode worm has about 17,000 genes. 
 
SOME KEY POINTS  
 
Refer : http://www.madsci.org/posts/archives/feb2001/981770369.An.r.html 
80  trill ion No. of CELLS in Human body, approx, OUT OF WHICH, THERE ARE :  

40  trill ion are bacterial cells  in our digestive system, mainly in our large intestine. . 

  4 trilli on cells make up the solid tissues of the human body (muscles, spleen, kidneys, bones,        
brain, stomach, skin, etc.). Brain has 100 bill ion  neuron-cells 

30  trill ion are Red Blood Cells 
      Life of RED Blood cells is 4 months, in which period, all RBC‘s are replaced 
      i.e. 3 million RBC cells are lost per second. 
  2  trill ion are Platelets +  ½ tr ill ion White Blood Cells 

1 trill ion  lymphocytes and immune related cells in Lymphatic system 

3 trill ion other cells . 

150 billion Km is the length of DNA strands in the human body, approximately.  

  1  Human CELL (each one) contains a GENOME ( 23 pairs  of double-stranded chromosomes) 
 

DIPLOID NUMBER (2 copies of each Chromosome) in a cell = 46 Chromosom es in a HUMAN-
CELL (except in Sperm or Egg Cell, there are 23 chromosomes) 

 

HAPLOID NUMBER (1 Chromosome of each Chromosome pair) Number in a set of 
Chromosomes in a cell  
 
 

IN each GENE–CONTAINING-PORTION of  GENOME = 20,000 to 25, 000 Pro tein co ding g enes 
= 3 billion NUCLEOTIDES of A,T,C,G in 1 chromo some (GAMETES = sperm or egg cells) 
1 CODON = 1 WORD, composed of 3 LETTERS, out of 4 A,T,G,C NUCLEOTIDES 
3 LETTERS = 3 NUCLEOIDES, attached to 3 Base pairs on  1 strand  side  of  chromos ome of  

RNA 
 

1 CODON encode 1 AMINO ACID 
 

From 4 Letters  A,T,G,C, total  64 (4x4x4) CODONS (3 Letters) possible, as permutations 
64 CODONS (4x4x4) of RNA can theoreti cally encode  for 64 AMINO ACIDS. 
BUT Our body needs only 20 AMINO ACIDS, so only 20 Aminoa cids  are made by our  DNA.  
 
 

Example:  Hemoglob in, an enzyme (Oxygen-binding PROTEIN), which carries oxygen in red 
blood corpuscles. The production of Hemoglobin is triggered by a specific triplet pair (codon) 
involved in the synthesis of the 2 Beta chains AND another specific triplet pair (codo n) involved in 
the synthesis of the 2 Alpha chains.  
 
 

The relationship is as follows: 
146 Amino  Acids  = 1 Beta Chain (made by GENE 1) 
141 Amino  Acids  = 1 Alpha Chain (made by GENE 2) 
2 Alpha Chains + 2 Beta Chains = 1 HOMOGLOBIN mol ecule i.e.1 ROTEIN mol ecule. 
 
 



 

 

DNA - Bases  to RNA – Bases (CODONS)  
                                                                                                                          

 RNA  

 
 
Ref. http://www.biorecipes.com/TPI/code.html 

          

 
Protein is generally used to refer to the complete biological molecule in a stable  conformation, 
whereas peptide is generally reserved for short amino acid oligomers often lacking a stable 3-
dimensional structure. However, the boundary between the two is ill-defined and usually lies 

near 20-30 residues.[5] Polypeptide can refer to any single linear chain of amino acids, usually 
regardless of length, but often implies an absence of a defined  conformation. 
 

CODONS - AMINO ACIDS – PROTEINS 
Each amino  acid  is specified by a codon, We have 64 codo ns & our body needs maximum 
20 Amino  acids. All together, 61 codo ns (out of total  64  3 Stop - codons), actually encode 20 
amino acids. So, the  question is how does a cell deal with all these more codons? – Ans. is 
2 reasons: 
 
 



 
(1) Some amino-acids are encoded by only one (1) codon, others by as many as six (6) 

different codons.  Some of the transfer RNAs (tRNA), which are the devices that read the 
DNA codons one at a time, are not very choosy about which is present in the third 
position of the codon (3rd  base of Codon). There seems to be a compromise between 
the need for precision and the need for speed and efficiency. 
 

 (2) It is said that the code has Synonyms. That is some triplets, such as UUU and UUC 
code for the same amino  acid . In other words, because of the redundancy of the genetic 
code, some codons encode the same amino acid as other codons. 

 
The codons that encode the same amino acid tend to have the same fir st and second  codon, 
but differ at the third codon position. For this reason, many mutations of the third codon position 
do not lead to a change in the amino acid encoded by the codon 
In other words, the Mutations that do not lead to a change in the amino acid encoded by a codon 
are known as synonymous . And those that lead to a change in amino acid are non -
synonymous  

 
 

HOW CAN DNA ACT AS OUR GENETIC CODE and make PROTEINS? 
 

Ref. http://distance.stcc.edu/BIOL102/Lectures/lesson10/makeprot.htm 

The nuc leus has the DNA, 
DNA is used to make RNA in nucleus of the cell 
RNA slips out into the cytoplasm, hooks up with a ribosome in cytoplasm & becomes mRNA 
(messenger RNA), carrying the message from the DNA. 

 
 

DNA 
 transcr iption   

mRNA 
 translation   

protein 
 
Transc riptio n: In  RNA, the only one that is different from the DNA-NUCLEOTIDE-NITROGEN  
bases is URACIL. RNA uses uracil instead of Thymine.  
 

RNA is single-stranded & has ribose for its 5-carbon sugar 
 

All that we have to do is separate the DNA strands, and use one as a template to make a  
Complementary RNA.  Wherever the DNA strand has a G, the RNA strand has a C, and vice-  

versa i.e. wherever DNA strand has C, the RNA strand has G.  And wherever the DNA strand has 
a T, the RNA strand has an A.  And wherever the DNA strand has an A, the RNA strand has a U. 
 
  
A portion of a DNA molecule (double-stranded) 

 ... C G  C A G  T T  A C  C  G  T ... 
... G  C G  T C  A A T G  G  C  A ... 

 Now let's transcr ibe the 
DNA:  If the top DNA strand above was used as  a 

template to make the complementary mRNA, 
this is the way it would be used.  The DNA 
strand is in blu e and the mRNA is in pin k. 

 ... C G  C A  G  T T A C  C  G  T ... 
 

... G  C G  U C  A A  U  G G  C  A ... 

  
TRANSLA TION: 
To make protein off the information in mRNA, the ribosome helps the cell read sets of three 
consecutive nucleotides on the mRNA i.e. CODON at a time.  There is no overlap while 
reading the codons (i.e. on base cannot be shared by two codons). Also there is no gap 
between codons. Each codon encodes for 1 amino acid.  If you wanted to make a protein with 
one polypeptide that is 15 amino acids long, you would need to have an mRNA with 15 
consecutive codons (45 consecutive nucleotides) in order to make it. 
 

 



 

Table 1 
 

RNA codon  (set of  3 bases) table shows an amino acid,  coded  by each of the  61 codons  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 The   U’s   in above tables are the  RNA equivalent of  T’s  in  DNA. 
The CODONS are in  RNA (NOT in DNA) 

Reference : http://bioinfo.bisr.res.in/cgi -bin/project/crat/theory_codon_restriction.cgi  
This chart shows how sets of three nucleotides represent particular amino acids. For 
example, there is an amino  acid called tyrosine.  A codon that represents tyrosine is UAC.  
Whenever the mRNA has a UAC sequence in it, the mRNA is saying to add a tyrosine amino 
acid at that point. From such specific information along the length of an  mRNA molecule, 
the cell is able to put together the  corr ect amino acid  sequence (prim ary struct ure) of  a 
prote in. 

 

Table 2: 
 

CODONS specify each of the 20 standard  amino  acids  involved in TRANSLATION. There 
are  Forward  &  Reverse codon  tables for this purpose. The  Reverse codon  table, below 
shows 20 stand ard  amino  acids used in proteins, and the codo ns that code for each 
aminoacid. For ex. codon  AAU represents the amino acid asparagine (Asn), and  cysteine (Cys) 
by UGU. 
 

Ala A GCU, GCC, GCA, GCG  Leu  L UUA, UUG, CUU, CUC, CUA, CUG 

Arg R CGU, CGC, CGA, CGG, AGA, Lys K AAA, AAG 

Asn N AAU, AAC Met M AUG 

Asp D GAU, GAC Phe F UUU, UUC 

Cys C UGU, UGC Pro  P CCU, CCC, CCA, CCG 

Gln  Q CAA, CAG Ser S UCU, UCC, UCA, UCG, AGU,AGC 

Glu  E GAA, GAG Thr T ACU, ACC, ACA, ACG 

Gly  G GGU, GGC, GGA, GGG Trp  W UGG 

His H CAU, CAC Tyr Y UAU, UAC 

Ile I AUU, AUC, AUA Val V GUU, GUC, GUA, GUG 
START
T 

 AUG, CUG, UUG, GUG, AUU  STOP
P 

 UAG, UGA, UAA 
 

  UNIVERSAL GENETIC CODE is  shown in Table  1 and Table 2 above. 
 



 
The Genetic Code has several key features, as follows: 
 

** PROTEIN is made of Amino acids  - join ed to gether as chain. 

** Each three-letter DNA sequen ce (codo n), of a GENE, encodes a specif ic amino  acid . By 
examining the DNA sequence alone we can determine the  sequence of amino  acids that 
will appear in the  final protein  in a living cell . 

 

** Almost All  GENES begin  with the "START" codon  or “INITIATION”  codon  - AUG in RNA 
(ATG in DNA), which codes for the amino  acid  methionine  (Met). When the machinery of 
the cells sees that first ATG, it knows to start making the PROTEIN there. Therefore the fi rst 
amino acid of many pro teins  is methioni  in  eukaryotes and a modif ied Met (fMet) in  
pro karyotes. The start-codon is almost always preceded by an un-translated region 5' UTR.  
In addition  to  AUG, alternative start codons, mainly GUG and UUG are used in 
pro karyotes. For example E. coli uses 77% ATG (AUG), 14% GTG (GUG), 8% TTG (UUG) 
and a few others. Well known coding regions that do not have ATG initiation codons are those 
of lacI (GTG) and lacA (TTG)  

 
There are  "3 STOP"  codo ns (UAA, UGA, UAG), which  indicate the  end of  prote ins  (i.e. signify 
the end of the pro tein-encodin g-GENE) 

In between  START & STOP codons, there are codo ns, which correspond to a chain of Amino 
acids, for the PROTEIN. Proteins are made of amino acids, joined together as chain. 
It is possible that different codo ns can encode the same amino acid? 
 

For EXAMPLE:  Here is how a sequence  may look like in the DNA sequen ce 
GCATGCTGCGAAACTTTGGCTGA … to obtain the encoded amino -acids : (Met) (START) LEU, 
Arg, ASN, Phe, GLY (STOP2) 
 

Nearly all living-beings use the same genetic code, called the STANDARD GENETIC CODE or 
UNIVERSAL GENETIC CODE.  
 
 

More recent evidence indicates 22 different amino acids  that make up proteins. Of these, 20 are 
encoded by the universal genetic code. The remaining 2, selenocysteine and pyrrolysine, are 
incorporated into proteins by unique synthetic mechanisms. Selenocysteine is incorporated when 
the mRNA being translated includes a SECIS element, which causes the UGA codon to encode 
selenocysteine instead of a stop codon. Pyrrolysine is used by some methanogenic archaea in 
enzymes that they use to produce methane. It is coded for with the codon UAG, which is normally 
a stop codon in other organisms. 

 

PROTEINS & ORGANISM: 
Proteins are po lymers, composed of up to 20 different amino  acids  – some of these arranged  
in a string  as a prot ein. There are many different types of Prot ein-performing-tasks such as: 
Storage, transport,  hormona l, receptor,  contractive, defens ive, enzymatic  etc.  Thus we see 
that all ORGANISMS are made up of many chemicals which, when organised, have specific 
ways of working together, as in DNA. These chemicals came from the primordial swamps & are 
constant ly evolving. 
 
For cellular growth and mainten ance, as well as the functioning  of  every system of the 
hum an bo dy, we need enzymes, hormones, Neuro-transmitters (the signalling molecules of the 
human body) etc. – Most of these are made of PROTEIN. 
 
A diet lack ing  in pro tein can result, in fatigue, light-headedness, aches and pains, dizziness, and 
persistent hunger. Over time, protein deficiency can contribute to weakened immunity.  
 
In one analysis of human-blood  plasma conducted at Pacific Northwest National 
Laboratory, scientists have identified about 3,700 pro teins  (not counting immunoglobulins) from 
human plasma. The newly detected proteins include many found at very low levels, some of 
which could be used as biomarkers of toxic exposure or disease progression, said Smith. 
 
 

 
 



 
Out of 20  AMINO  ACIDS (BUILDING-BLOCKS of  PROTEINS), only  11  can  be synthesized in 
the human body from other amino acids. The completed protein is then released in the cell to do 
its job in the cell - The other 9 “ essential amino  acids”  are obtained from the food we eat.  
 
 

DNA – ALIKE but DIVERSIFIED  
For all our apparent outward diversity, humans are surprisingly  alike at the DNA level. We  
diff er by only 0.1%  to 0.2% (one or two tenths of one percent) of our DNA - some three to six 
million bases yet these tiny DNA variations are responsible for all our physical differences and 
may influence many of our behavior as well. 
 

Most DNA  variation s among individuals are  normal, but  harmful var iation s called  mutat ion, 
occuring within GENES, can contribute to many different diseases and conditions, depending on 
their size and where in the DNA they occur.  The  result can be the creation of faulty proteins 
that function at less-than-normal levels or are completely non-functional and result in disease. 
Reference for all  above und er “ Alike yet Divers if ied DNA” : Ms. Denise K. Casey is a science 
writer, editor, and educator with the DOE Human Genome Program Human Genome 
Management Information System at Oak Ridge National Laboratory. 
 
GENE TESTS: 
A DNA sample can be obtained from any tissue, including blood. To do a gene test, scientists 
scan the sample, looking for a specific mutation  in a particular DNA region that has been 
linked to a disorder. Cost  can range from  hundreds to thousands of dollars, depending on the 
sizes of the genes examined and the number of mutati ons tested for, which can vary from a 
few to hundreds. Although there are several hundred DNA-based tests for different conditions, 
most are still offered as research tools only. Fewer than 100 gene-tests  are available 
comm ercially, and most are for 
mutation s-associated with rare diseases in which just a sing le gene is involved. Click here 
(next underlined link) to see "Some currently available gene te sts". 
 
MOTHER & CHILD IDENTITY,  CRIMINAL and o ther  INVESTIGATIONS: 
 

It is possible to identify a true mother of a child and definitely confirm 100% between 2 ladies, 
as who is the true mother of a particular child, as Mitochondri al DNA is inherited from the 
mother. 
 

DNA identification for establishing paternity and other family ties are also being used in 
adoption, immigration cases and, identify victims of wars and other catastrophes, and aid the 
courts in criminal cases where biological evidence (e.g., blood and sperm) is left behind.  
Interestingly, DNA data gathered from other species present at a crime scene, such as plants, 
dogs, cats, and viruses (HIV) also have been used as evidence in trials. 
 

UNCERTAINTY and RISKS  in GENE-TESTING: 
Even though some current gene tests have been beneficial and their potential benefit 
enormous, the science is very new and dynamic. Researchers themselves are unsure how to 
interpret the results of some commercially available gene tests. Click here (next underlined 
link) to see "Gene tests: the power and the limits.  
 

Another limitation is the lack of medical options to treat or prevent many of the disorders for 
which gene tests are used. Besides, patients agreeing to undergo gene testing, they face 
significant risks of jeopardizing their employment and insurance status. Also the psychological 
impact of gene- testing can be devastating, because genetic information is shared, all these 
risks extend to family members as well. 

Many  in  the  medical  establishment  feel  that  uncertainties  surrounding  test  interpretation,  
the current lack of  available medical options for most of these diseases, the potential for 
provoking anxiety, and the risks of discrimination and social stigmatization could outweigh the 
early benefits of testing.  Click here (next underlined link) to see "Who's regulating gene tests". 
 

 



 
DNA and D ISEASES: 
 

Most of the diseases have a genetic  basis. We may inherit a particular disorder or an 
increased likelihood for developing   some diseases.  We  also  inherit  the  particular  ability  to  
respond  to  such environmental stresses as viruses,  bacteria, and  toxins and also  respond  
differently to  same medicine to treat same disease for different persons 
 

Some 4000 rare diseases are due to a single  mutation  in a single  gene. These include 
Cystic fibrosis, Sickle cell Anemia, and Tay-Sachs. The causes are much more complex for 
common disorders such as heart   disease,   Diabetes, Hypertension,  Cancers,  Alzheimer's  
disease, Schizophrenia, and Manic depression. These diseases are thought to be due to a 
variety of gene mutations, perhaps acting in concert, or to a combination of genes and such 
environmental factors as diet or exposure to radiation or toxins. 

Untangling the genetic and environmental contributions to complex disease will be one of 
the greatest   challenges  for  medical  researchers  in  the  next  century.  Understanding  how  
DNA influences every aspect of  health eventually will lead to far more effective ways to treat, 
cure, or even prevent the thousands of diseases, that afflict humankind, is not yet fool-proof. 
 
 

GENE THERAPY: 
 

The potential for using genes themselves to treat disease has captured the imagination of the 
public and the biomedical community. This rapidly developing field, called gene transfer or 
gene therapy— holds great potential for treating or even curing such genetic and acquired 
diseases as cancers by using normal genes to replace or supplement defective genes or bolster 
a normal function like immunity. 
 
Many clinical gene-therapy trials are now in progress worldwide, most for different kinds of 
cancers.  Performed  on  patients  in  advanced  stages  of  disease,  most  current  studies  aim  
to establish the safety of  gene-delivery procedures rather than determine their effectiveness.  
 

PREVENTIVE MEDICINE and CUSTOMIZED THERAPIES: 
Studies of gene function will lead to a deeper understanding of normal biological processes 
and how they go wrong in disease states. These insights will allow the development of better 
and earlier predictive tests and eventually usher in a field of prevention-based medicine and 
diagnostics. 
 

Some diseases, including some cancers respond dramatically to current therapeutic regimens, 
while the same treatment has no effect on disease progression in others. Scientists in major 
pharmaceutical companies are trying to sort out the specific regions of DNA associated with 
drug responses, identify particular   subgroups of patients, and develop drugs customized for 
those populations. These capabilities  are  expected  to  make  drug  development  faster,  
cheaper,  and  more  effective  while drastically reducing the number of adverse reactions. 
Drug design itself will be revolutionized as researchers use gene sequence and protein 
structure information  to  create  new  classes  of  medicines  based  on  a  reasoned  approach  
rather  than  the traditional trial-and-error methods for finding new drugs.  
 

GENETIC ENHANCEMENT: 
Besides preventing & treating inherited and infectious diseases, gene-transfer technologies 
probably will make possible the enhancement or replacement of genes that influence other 
traits such as height, weight, strength, stamina, and even intelligence.  
 

IDENTIFICATION and MULTIPLE USES ACROSS SPECIES: 
DNA technology can be used to identify any type of organism, from humans and whales to 
plants, viruses, and bacteria. One important use is for identifying organisms contaminating soil, 
air, water, and food. Pinpointing a disease source in an epidemic, for example, is critical for its 
rapid control. These analyses are not limited to diseases affecting humans: they can be used to 
identify disease sources in livestock, poultry, and plants as well. 
 
 



"PHARMING"  ANIMALS TO PRODUCE HUMAN DRUGS: 
“Gene pharming” is a technology to alter an animal's own DNA, or to splice in new DNA, called a 
TRANSGENE, from another species. In pharming, these genetically modified (transgenic) animals 
are used mostly to make human proteins that have medicinal value. The protein encoded by the 
transgene is secreted into the animal's milk, eggs, or blood, and then collected and purified. 
Livestock such as cattle, sheep, goats, chickens, rabbits, and pigs have already been modified in 
this way to produce several useful proteins and drugs. 
 

This  situation  has  encouraged  biotechnology  companies  to  explore  more  efficient  ways  
to reproduce the animals; clo ning  technologies such as those used  to  create the famous 
Scottish sheep Dol ly and other clon ed mammals like mice, goats, and cows are the  results  
of these efforts.  
 
XENOTRANSPLANTS: 
Transplanting organs such as hearts and kidneys from genetically altered pigs and other 
animals into humans, is a process called xenotransplantation. It has a potential to save lives. 
Current research is aimed at using DNA technologies to grow organs having human genes that 
make the organ's surface more "human like" and may help to minimize the chance for rejection 
upon transplantation into a human host. A concern is the unintended transfer of animal viruses to 
humans and the effects this might have beyond the patient to the population at large. Thousands 
of organ transplants take place each year & still thousands are waiting for appropriate donors.   
 

GENETIC ENGINEERING 
For thousands of years people have modified traits in plants and animals indirectly through 
selective breeding. Directly altering the an organism's genetic makeup, is called “genetic 
engineering” 
 

Genetic-Engineering is having a major impact worldwide on agricul ture and animal 
husband ry. A number  of  ongoing  projects  aim  to  decipher  and  manipulate  the  genomes  
of  such  economically important organisms as rice, corn, wheat, soy, cotton, sheep, cows, pigs, 
and fish. Genetically modified animals are already producing more milk, and are sometimes 
larger and more resistant to disease. 
 

Genetically  modified  plants  are  providing  higher  yields,  are  more  nutritious,  and  have  
increased resistance to herbicides, pests, and extremes of weather and temperature. In USA, 
more than half of all soybeans and more than a third of all corn planted were from genetically 
modified seeds, with most modifications aimed at pest and herbicide resistance. Genetic 
alterations have produced ornamental crops such as carnations whose "aging genes" have 
been identified and turned off to allow an extended shelf life. Other plants are being genetically 
modified to produce biodegradable plastics, industrial oils and chemicals, low-calorie 
sweeteners, and human pharmaceuticals. 
In a few recent examples, researchers reported adding rabbit genes to cotton plants to make 
the fiber as bright and soft as rabbit hair but stronger and warmer. A new strain of rice 
announced this spring contains a soybean gene for iron incorporation. This new rice can be 
used to treat the 30 % of the world's population who are iron deficient and lack the means for 
expensive iron supplements. 
 

GROWING CONCERNS: 
 

Consumer resistance to genetically modified plants and resulting foods, sometimes called 
"Franken foods," is strong  in Europe and may be growing soon elsewhere in the world 
concerning environmental and consumer  safety  issues.  Particularly  in  the  United  Kingdom,  
the  strength  of  resistance  to  genetically modified foods stems from a lack of trust in the 
government to protect its citizens, following the "mad cow" disease scare.  
 

Although genetically modified plants can decrease the use of pesticides and herbicides and 
thereby benefit the environment, a concern is that plants engineered to be more resistant to 
herbicides may pass on that trait through cross-pollination to related weed species in the wild. 
This could result in the creation of extremely resistant weeds requiring treatment with even 
more herbicides. Also, the impact of new pest- resistance traits on such non-target organisms, 
as visiting birds, is not known. 
 



 

 

A potential health concern is that genes producing allergy-inducing proteins (such as those 
from peanuts) could be introduced into other food plants and consumers might unknowingly 
ingest a substance to which they could be allergic. Another controversial issue is that genes 
introduced from one species into another may cause some consumers to violate religious 
restrictions against, for example, eating pork or beef. 
 
 

A CONTROVERSIAL DNA DATA-BANK:  
In July 22, 2005, police linked a dead Florida man's DNA to eight unsolved rapes in Washington, 
using only the data available from a national DNA databank, called CODIS (Combined DNA 
Index System). DNA descriptions, or "profiles," of offenders convicted of certain serious crimes. 
While many agree that this use of DNA technology can be of great benefit to society, one 
controversy surrounding DNA profiling stems from the potential of a DNA sample to  reveal 
much more about an individual (and their family) than just their identity. No one knows what 
types of information future technology may be able to uncover from stored samples.  
 

A CAREFUL BALANCE: 
Genetic data and tools offer enormous potential benefits to humankind but pose significant 
risks as well. As the impact of the new genetics grows, we can expect the courts to be 
increasingly confronted with many novel, challenging, and sometimes disturbing issues. 
 
 

DIET & DNA (NUTRIGENOMICS)  
Ref. http://www.ehponline.org/txg/docs/2004/11-7/forum.html#3 

The emerging field of nutrigenomics explores how nutrients in foods interact with genes that 
contribute to chronic diseases. The goal of nutrigenomics is to understand individual nutrient 
genotypes to design dietary interventions that  restore health or prevent disease, eventually 
improving health of population at large. 

People react to certain nutrients differently, depending on their genetic makeup. Lactose 
intolerance, is a good example. It afflicts largely Asians and Africans, and a few people of northern 
European descent. That's because a single base pair change in DNA occurred in northern Europe 
about 6,500-12,000 years ago, which allowed people there to digest lactose in that environment. 
 

Today's nutrigenomics researchers hope to find gene variants that explain why, for instance, 
some people can lower their blood pressure through dietary changes, while others need drugs. 
Other  variations  might  explain  why  some  people  are  more  susceptible  to  gastrointestinal  
cancers, inflammatory diseases, and osteoporosis. Scientists are finding that biologically active 
components of foods can alter gene expression. For example, a deficiency of folic acid may lead 
to breaks in DNA that mimic radiation damage. Other nutrients are involved in molecular 
processes related to DNA structure, gene expression, and metabolism, which contribute to the 
development of chronic illnesses. 
 

CELL: 
All living beings are made of CELLS. A cell is  smallest unit of a living organism. Some 
organisms like Bacteria are only single Cells; whereas, Bigger Organisms, like humans have 
many different types of cells. At microscopic level, we-humans are composed of estimated 70 to  
100 tril lion living cells of 200 different types. Of cells such as muscle cells, Live cells, liver cells, 
Nerve cells etc. In the centre of each human CELL, there is NUCLEUS. 
 
The DNA is present in the nucleus of all cellular forms of life and in many viruses, and in 
cytoplasm of single celled bacteria, which do not have a nucleus. 
 
 
 
 
 
 
 
 

 



 

 PLANT- CELL 

 
 
It is now known that small circular chromosomes, called Extranuclear -DNA, or Cytoplasmic -
DNA, are Located  in two types of organelles  found  in the cytoplasm  of the cell . These 
organelles  are the mitochondria  in animal  and plant  cells  and the chloroplasts  in plant cells . 
 
MITOCHONDRION 
 

Human cell has  its  own  mind,  performing  the  complex  biochemical  &  electrical  
functions  at individual cell level, while  communicating with the whole body. Each cell is  
capable of creating the whole body.  Life can be created through a living organism only 
and not synthetically.  Many things from reproduction to infections to repair & maintenance of 
body parts happen at the CELL- level.  
 

A human cell has genetic material mostly in the nucleus (the nuc lear genome) and some in 
the  mit ochon dria  (the mit ochon drial genome ).  

 

In humans the  nuclear genome is divided into 23 pairs of  linear DNA mol ecules called 
chrom Inosom es. The mit ochon drial geno me is a circular DNA molecule  distinct from the 
nuclear DNA. Although the mit ochon drial DNA is very small compared to nuclear 
chromosomes, it codes for 13 proteins involved in mitochondrial  ENERGY  production as well as 
specific tRNAs. 
 

 
 
 



 

 
A mitochondrion contains outer and inner membranes composed of phospholipid bilayers and 
proteins. The two membranes, however, have different properties. Because of this double- 
membrane organization, there are five distinct compartmen ts within the mit ochon drion.  
 

There is the outer mitochondrial membrane, the intermembrane space (the space between the 
outer and inner membranes), the  inner mitochondrial membrane, the  cristae space (formed by 
in-folding of the inner membrane), and the  matrix (space within the inner membrane). 
Foreign g enetic  material (most commonly DNA) can also be arti ficially introduc ed into the 
cell by a process called tran sfection . This can be transient, if the DNA is not inserted into the 
cell's genome, or stable, if it is. Certain  viru ses also insert their genetic  mater ial into the 
genome) 
 

EGG - SPERM DNA & MITOCHONDRIA DNA – Inheritance 
At fertilization of an egg cell by a sperm, the egg nuc leus and sperm nuc leus each 
contribute equally to the genetic makeup of the  ZYGOTE nuc leus.  
 

An individual's mit ochondri al-genes are NOT INHERITED by the same mechanism as 
nuc lear - genes. In contrast, the mitochondria, and therefore the mit ochon drial-DNA, usu ally 
come from the egg only. The sperm's  mit ochon dria  enter the egg but does not contribute 
mit ochon dria‘s genetic  information  to the embr yo. Instead, paternal mitochondr ia are 
marked with ubiquitin to select them for l ater destruction  inside the embryo. The egg cell 
contains relatively few mitochondria, but it is these mitochondria that survive and divide to 
populate the cells of the adult organism. Mitochond ria are, therefore, in most cases 
inh erit ed down the  female line, known as  matern al inh eritance. This mode is seen in most 
organisms including all animals. However, mitochondria in some species can sometimes be 
inherited paternally. This is the norm among certain  coniferous plants, although not in  pine 
trees.  
 

LIFE on EARTH   
 

Ref. http://www.ucmp.berkeley.edu/alllife/threedomains.html   
It is everywhere on Earth. We can find living organisms from the poles to the equator, from 
the bottom of the sea to several miles in the air, and ARCHEA-from FREEZING to 750 
degree F waters  in  sea  bed  to  dry  valleys  to  undersea  thermal  vents  to  ground water 
thousands of feet below  the  Earth's surface. Over the last 3.7 billi on years  or so, living 
organisms on the earth have diversified and adapted to almost every environment imaginable. 
 
  

PROKARYOTES = Bacter ia 
 

BACTERIA  are of such immense importance because of their extreme flexibility, capacity for 
rapid growth and reproduction, and great age - the oldest fossils known, nearly 3.5 bi llion years 
old, are fossils of bacteria-like organisms. In our stomach, we have useful & harmful Bacteria. 
 
Harmful  - often causing many types of human and animal diseases such as Acidity, Gas,        
Typhoid, TB, Tetanus, Cholera, Diphtheria, Gonorrhoea, Leprosy, STD diseases etc. 
 

Useful - (a)  Bacteria put the tang in yogurt and the sour in sourdough bread.  

              (b) Lactic acid bacteria helps killing urological and/or and / or gastrointestinal pathogens        
and thus prevent particularly female-urological infections and also inhibit 
the  inflammatory syndrome as well as the infectious syndrome. 

(c) Certain bacteria, the actinomycetes, produce antibiotics such as streptomycin and 
nocardicin; others live symbiotically in the guts of animals (including humans)   

       or elsewhere in their bodies, or on the roots of certain plants, converting nitrogen   
      into a usable form. which helps to break down dead organic matter & make up                      

the base of the food web in many environments. 
  

 

 
 



 

 

BACTERIAL -  CELL  Structure 

     
                    

ARCHAEA -  Microbes  
Archaea are tiny microbes - can be termed as tiny bacteria, which existed from the very 
beginning as first  organism, from which all life seemed to evolve. These have not u ndergone 
much changes over about 4 billion years. Some of these strive in most extreme environment 
such as  acidic,  alkaline,  high temp eratures (freezing  4 degr ee F to  760 degr ee F) and  
pressures in viscous fluids, salty water etc.).The microbes are able to live in such extreme 
conditions. Archaea requires neither sunlight for photosynthesis as do plants, nor oxygen. 
Archaea absorbs CO2, N2, or H2S and gives off methane gas as a waste product the same way 
humans breathe in oxygen and breathe out carbon dioxide. 
  

Researchers  say,  they  generate  energy,  NOT  from  oxygen,  but  by  combining carbon 
dioxide with hydrogen from rocks in the geothermal spring. This chemical process produces 
methane, and the microbes are called methanogens. They are members of the archaea family,  
an ancient  branch  of life distinct from plants, animals, and bacteria. On detailed study, it is 
found that Archa ea are more closely related to us than to the bacteria. 

 

ARCHEA are also called as EXTREMOPHILES in recognition of the extreme environments in 
which they have been found: thermophiles, which live at high temperatures.  

 
HYPERTHERMOPHILES: They live at really high temperatures, much above boiling point of 
water (Present record is 400°C). it would probably freeze to death at ordinary room temperature. 
 

PSYCHROPHILES : They like it cold (one in the Antarctic grows best at 4°C) 
 

HALOPHILES, which live in very saline environments (like the Dead Sea) 
 

ACIDOPHILES, which live at low pH up to 1 (equivalent of dilute sulfuric acid) and die at pH 7. 
 

ALKALIPHILES:These thrive at a high  pH In Feb 2002, in Idaho state in USA. 
  

METHANE-PRODUCING MICROBES are found in a hot spring 200 meters below ground. These 
microbes are killed by oxygen, produced unusual enzymes, and had cell walls different from all 
known bacteria. Their RNA sequences were no more like those of the bacteria or fish or flowers.  

 

RIBOSOMES: 
Ribosomes are found dispersed in the cytoplasm of all EUKARYOTIC CELLS (protists, 
fungi, plants, and animals) & in all Prokaryotic cells (bacteria). Also in Eukaryotic cells, two 
types of cell structures called mitochondr ia and chloroplasts contain ribosomes. 

Ribosomes in the cytoplasm of Prokaryotic and eukaryotic cells slightly differ.  

                                                         

 



 

 

PROKARYOTIC- RIBOSOMES are smaller and less dense and each contain only  3 strands 
of RNA and about 50 prot eins. Eukaryot ic- ribosomes consist of  4 strands of RNA and 
contain 70 to 80 pro teins . The ribosomes in mitochondria and chloroplasts resemble 
prokaryotic ribosomes 
 
RIBOSOMES - Function The ribosome is central to every cell because it provides the workshop 
and tools to synthesize all of the proteins. 

 

KARYOTYPE  
A karyotype is an actual photograph of the chrom osomes from one cell. [Generally, the white 
blood cells are analyzed. After staining the chrom osome, it  can be seen as banded string 
under 1,000 x magnification] 

 

COPY 1 of Chro mosome 1 (from 
FATHER) 

 
COPY 2 of Chro mosome 1 (from 

MOTHER) 
 

 
The arms are separated by a region known as the CENTROMERE - the  

                                Pinched area of the chromosome. 
 

The  chromosomes  need  to  be  stained  in  order  to  see  them  with  
a microscope. When stained the chromosomes  look like strings with 
light and dark  'bands', which are numbered, starting from the 
centromere, on each side of the Chromosome 

 
After analysis under the microscope a picture (karyotype) is printed 
for 23 pairs  of Chromosomes in one Cell. In a KARYOTYPE, the 
chromosomes can appear bent or twisted.  

 

 
 

 
 
 
 



 

The arms are separated by CENTROMERE is normal and is simply reflecting how they are 
sitting on the slide. Chromosomes are analyzed during a time in the cell cycle when they 
are compact. During other times in the cell cycle the chromosomes unwind into long strands 
of DNA. At that time we would not be able to see them under the microscope.  

 

 



 

CHROMOSOMES in PLANT CELLS                           

 
 

 

 



 

REPRODUCTIVE SYSTEM / HERIDITORY 
 

The REPRODUCTIVE CELLS are eggs  & sperms . Each EGG or each SPERM CELL 
contain 23 double stranded 23 Chromosomes  (Not as 23 Chromosome pairs), which are 
formed by the process of MEIOSIS.  

       Meiosis is the process of replication by which egg cells are produced in the female 
ovaries and sperm cells are produced in the male testes. This involves  TWO SETS OF 
CELL DIVISION Meiosis I and Meiosis II as shown below: 

 

 
 

MEIOSIS  is process of    making GAMETES (Sperms) or OVA (Eggs) 
from NORMAL CELLS of PARENTS . 
 

Prior to meiosis, the DNA replicates, so that each chromosome makes a second copy of itself. 
However, the duplicated chromosomes stay attached to each other at the centromere.  
 

Meiosis involves two divisions.  
 

The fir st part of  the meiosis pro cess is called reducti onal divis ion in which the 
chromosome number in the two daughter cells becomes half (23 chromosomes) ou t  o f  the  
46  chro mo so mes i n  the mother cell.  
 

In the  second  division, each of these daughter cells undergo another round of division, which 
is  similar to mit osis  (BUT NOT  MITOSIS) because only 23 Chromosomes, with their 
duplicated copies are involved  to produce  2  x 2  (i.e.  4) cells & so on, with each sex cell 
containing 23  chromosomes.   
 

MITOSIS Mitosis is the process of reproducing cells by splitting one cell in half to make 
identical two .  
 

 

 MITOSIS  MEIOSIS



DNA has to replicate before mitosis begins to keep the number of chromosomes and 
DNA in the cell consistent , otherwise the two daughter cells would not be able to have a 
complete strand. Replication gives both strands of DNA an EXACT copy. For instance, a human 
body cell contains 46 chromosomes. Before dividing in half, it has to DOUBLE its amount of 
chromosomes. That way, each offspring cell has the same amount of chromosomes that a 
normal body cell has.  

 

 

MITOSIS stages:  

 

During meiosis – the fir st division, the non-homologous 2 3  chromosomes RE-ASSORT 
(SCRAMBLE) to  prod uce DIFFERENT GENE COMBINATIONS in each egg and in each 
sperm and  This  pro cess takes thr ee weeks to compl ete. In human male 200,000,000 
sperms are made each day, but in female  only one VIABLE EGG is made each month. 

[ One human chromosome contains 150 x 106  nucleotide pairs and these are copied at 50 
base pairs per second. REPLICATION can occur at several points on the chromosome, thus 
the whole process takes about  one hou r. If replication took place at only one point it would 
take a month. New nuc leotides are constantly being made within the cell nucleus ] 

 

Most HUMAN- CELLS are frequently repro duced and replaced during the life of an individual. 
However, the process varies with the kind of cell. Somatic cells or Body cells. 

 
BODY CELLS (such as skin, hair, mus cle, bones) are duplicated by MITOSIS process. 
SOMATIC CELLS (sex cells: sperm and ova/egg) are produced by MEIOSIS in spec ial 
tissu es of male testes and female ovaries.  
 

WHEN CONCEPTION OCCURS, a human sperm and ovum/egg combine their  
chromosomes to make a ZYGOTE (fertilized egg) with 46  chromosomes in each of their 
somatic cells in special tissues of male -testes and fema le-ovaries . In doing this, nature is 
acting conservatively. Each generation inherits the same number of chromosomes.   

When ZYGOTE has an extra set of chromosomes, it usually is spontaneously aborted by the 
mother's reproductive system.  

 



HOW EACH CHILD FROM THE SAME PARENT IS UNIQUE: 
Ref: http://gslc.genetics.utah.edu/units/basics/tour/ > click “What is  heredity”  to see the slides 

 
Firtst , the child must receive 23 Chromosomes (out of 46), from the mother & 23 
Chromosomes (out of 46), from the father. BUT, during MEIOSIS, DNA swappi ng 
(scrambl ing  / reassoting)  happening in a diploid  cell (46 chromosomes) , the 
Chromosome derived from father and mother creates a new combination of chromosomes 
in the eggs  and sperm with UNIQUE combin atio ns of  genes. That is why even 5 children 
of same parents are all UNIQUE. 

 
We randomly share about ½ of  our genes (DNA) from our parents . Similarly we randomly 
share  ¼ of  our genes (DNA)  from each of our four grandp arents, as well as our  aunts and 
uncles . More distant the family relationship, the less genes we have in common. First -
Cousi ns have 1/8 of their genes in common while  second cousins are 1/16 alike. Our 
genetic likeness continues to drop by ½ with each increasingly distant branch in the family tree. 

 

HOW CLOSELY ARE TWO PEOPLE RELATED?  
 

Table showing Degrees 
of 

Consang uinity 

 
Degree 1 

 
Degree 2 

 
Degree 3 

 
Degree 4 

 
Degree 5 

 
paren t's generation 

 
father 

 
uncle 

 
half-uncle 1st  cous in 

1x 
removed 

1st  half-cousin 
1x removed 

 
same generation 

 
bro ther half-brother, 

double-
cou sin 

 
1st  cous in 

 
1st  half-cousin 

 
2nd cou sin 

 
chi ld's generation 

 
son 

 
nephew 

half- 
nephew 

1st  cous in 
1x 
removed 

1st  half-cousin 
1x removed 

 
grandc hild's generation 

double 
grandson  

 
grandson  

grand - 
nephew 

grand  half- 
nephew 

1st  cous in 
2x 
removed 

gene-sharing probability 1 / 2 1 / 4 1 / 8 1 / 16 1 / 32 
 

Imagine parents as 2 sides of a coin representing the two copies of each of their  genes. The 
CHANCES OF INHERITING  a head or tail is just like flipping a coin.  

 
During REPLICATION, the strand splits  at severa l places, where the A-T pairs are weakest 
connected by two hydrogen bonds. When a cell is ready to divide the enzyme DNA helix 
untwists to form a Y shape, called a replication fork.  
 



The enzyme DNA polymerase travels from the join of the replication fork down the existing 
template strand in 3' to 5' (‘ = prime) direction, reading the nucleotide sequence.  To maintain the 
anti-parallel form of the DNA, with a phosphate at the 5' end, the DNA polymerase then 
attaches new, corresponding nucleotides to the newly synthesized leading strand in the 5' to 3' 
direction. 

New nucleotides cannot be attached at the 3' end of the second or lagging strand, as this 
would upset the anti-parallel form leaving a phosphate at the wrong end of the strand.  
Sections of DNA called Okazaki fragments  are therefore made in the nucleus of the cell to 
combat this. When long enough sections have been made they become attached to each 
other & to the lagging strand in the 5' to 3' direction by the enzyme DNA ligase. Two new 
strands of DNA have now been assembled. Thus the Cells use the two-step process of 
TRANSCRIPTION and TRANSLATION  to read each gene and produce  the  string  of  amino  
acids  that makes up a pro tein. The basic rules for translating Universal Genetic  Code. When 
DNA is copied, the rungs of the ladder break   right down the middle, and the uprights pull 
apart. New bases are matched to the exposed bases, on each upright, and the original DNA 
molecule becomes two new identical DNA molecules. 
 

DNA – MUTATIONS:  
 

A mutation is a permanent change in the DNA sequence  of one or more GENES. These 
changes mostly create some abnormalities in the life of a man or any other organism. In few 
cases, mutation does not affect or has beneficial effect. 
 

DNA is a set of 46 Chromosomes in one human cell’s nucleous. 
Gene is section of Chromosome.  
Nucleotide  is part of a Gene. 
 

MUTATIONS – Most common Disorders : 
 

�x Whole Chromosome  missing or presence of  extra Chromosome in DNA 
�x Translocation is rearrangement of parts between nonhomologous chromosomes  
�x Deletion of Gene or Genes 
�x Gene is extended in length 
�x Mutation affecting only one or few nucleotides  

 

MUTATIONS – Causes  
Mutations happen for several reasons. 

�x Mutation may be acquired (exposure to certain chemicals, ultraviolet rays etc or while 
duplication of DNA). 

�x Mutation may be inherited from a parent, like a Translocation 
�x Most chromosome abnormalities occur at egg or sperm level , involved in an accident.  

Then every cell in the body will body would  have  the abnormality.  
�x Some abnormalities can happen after conception and some cells with the abnormality and 

some without.  
�x DNA fails to copy accurately & Evolution: Most of the mutations is a matter of evolution 

process i.e. naturally-occurring. When a cell divides, it makes a copy of its DNA and 
sometimes the copy is not quite perfect.  
 

 
 



�x External influences can create mutations: 
Mutations can also be caused by exposure to specific chemicals or radiation. These 
agents cause the DNA to break down. This is not necessarily unnatural - even in the 
most isolated and pristine environments, DNA breaks down. 

�x When the cell repairs the DNA, it might not do a perfect job of the repair. So the cell 
would end up with DNA slightly different than the original DNA and hence, a mutation. 

 

SOME EXAMPLES OF DNA ABNORMALITIES – associated with inherited diseases:  
 

(1) Cyst ic fibrosis (chromosome 7q) – inherited disease.  
 

(2) Sickle cell anemia (chromosome 11), are most probably, caused by base sequence – 
changes in a single gene inherited disease. Symptoms  of  sickle cell disea se include 
chronic anemia, acute chest syndrom e, st roke, spleen - kidney - pancreas  
dysfun ction, and susc epti bili ty to bacter ial infections, particularly in children. Beta 
globin is a major component of adult hemoglobin. The gene for beta globin is located 
on chromosome 11 and there are over 475 variants. One of these variants, sickle 
hemoglobin (Hb S), is generally responsible for sickle cell disease, one of the most 
prevalent genetic diseases.  

(3) Downs syndrome (chromosome 21) in which an individual's cells contain a third copy of 
chromosome 21. 

(4) Color blindness & Haemophilia (Chromosome x) 
(5) Spinal muscular astrophy  (chromosome 5q) 

(6) Many common diseases - Diabetes,  Hypertension,  Deafness, Cancers  etc. have 
more complex causes, involving several genes & environmental factors.  

 
REPRODUCTION : 
Ref. http://www.jonilund.com/HSa_Cell_Reproduction_and_Conception.pdf 
 

MEIOSIS process in human -males takes about 3 days (74 hou rs). Spermatogenesis usually 
begins at the 12-13 years of age and continues throughout life. Several hundred million sperm 
cells are produced daily by healthy young adult males. Since only one sperm cell is required 
for conception, this huge number would seem to be an extreme overkill. However, about 20% 
of sperm cells are likely to be defective and the female reproductive tract is hostile even to 
healthy ones. It is acidic and contains antibodies that seek out and destroy the sperm cells. 
 
 

MEIOSIS: Meiosis  process in  human -females is called “oogenesis ” , since it produces 
oocytes (immature egg cell - germ cell) in ovaries, during female -gametogenesis . A new 
born baby  girl is born with egg cell  (oocytes ) in her ovaries. The final yield is mature ova (eggs). 
The egg cell  or ovum , is the female reproductive cell (gamete ). 
 

Meiosis process in females is more complex. By 5th month after conception (birth start), 
immature sex cells begin to develop in the fetal-ovaries but stop at an early stage of meiosis 
(after prophase I). They remain in this precursor egg cell, or primary Oöcyte phase until 
puberty, when hormones cause a resumption of meiosis  for one to several cells each 
month. They proceed to the 1st and 2nd reduction divisions & once again stop developing. At 
this stage they are secondary oöcytes. When a secondary oöcyte is finally released from the 
ovaries into the fallopian tube (during ovulation), the egg still has not completed the last stage of 
meiosis . That happens only at conception because chemical changes occur, when the head of 
a sperm cell enters the egg. 

 

Virtually all (99.9%) sex cells in a woman's ovaries never develop beyond the primary oöcyte 
stage and eventually are reabsorbed by her body. By 20 weeks after conc eption, t h e r e  are 
approximately 7,000,000 primary oöcytes.  All but about 1,200,000 are lost by birth. At 
puberty, there are only around 400,000 of them remaining. Throughout life, there is a constant 
decline in the number of potential eggs.   Each time one is successfully ovulated, as many as 
2000 are lost. Normally, women have on average 11-14 ovulations per year for 33-36 years. 
This means that less than 500 secondary oöcytes usually are produced out of the store of 
hundreds of thousands of primary oöcytes. The actual number of ovulations is highly variable 
and often much lower since the process is governed by hormones and ultimately other factors 
including psychological stress, nutrition, physical activity, and pathological conditions.  



Only a small fraction of the successfully ovulated eggs are fertilized and become viable 
ZYGOTES. Beginning about age 27, a woman's fertility progressively declines. 
 
 

CONCEPTION: 
When human mating occurs, it takes about 5 minutes for sperm to reach the upper end of the 
fallopian tubes where conception usually takes place.  Of the several hundred million sperm 
cells that enter a vagina, rarely do more than a few hundred successfully pass through the 
cervix and uterus.  Only about 100 reach the upper end of the fallopian tubes. 

Among  humans,  fertilization  usually  occurs  within  a  day  after  ovulation  (the  release  of  a 
secondary oöcyte from an ovary to begin its path down a fallopian tube i.e. oviduct to the 
uterus). It takes about 4 days for secondary oöcytes to pass through the fallopian tube in their 
journey to the uterus. Conception must occur early in this process.  Sperm usually can remain 
viable for up to 48 hours in the female reproductive tract, but secondary oöcytes remain viable 
for only about 24 hours after they have left the ovaries. 
This means that sexual mating must occur from a few days before to one day after ovulation if 
conception is desired. 
Sperm carries the father's chromosomes to the mother's Ova (Ovum or Egg) where they 
combine with her chromosomes at the time of conception.  Sperm cells are microscopic, but 
ova may be large enough in some species to be visible with the naked eye. Human ova are 
about the diameter of a hair. 
 

MITISIS is the process by which most cells (with 46 chromosomes) in the human body divide. 
During cell division - a duplicate is made for each chromosome, temporarily doubling the 
number of chromosomes in the dividing cell to 92 (2 X 46). The cell divides in the middle having 
created two identical daughter cells each with 46 chromosomes. 
 

CELL DIVISION - REPAIR & CANCER 
When a human cell is preparing to divide, it COPIES (with the help of Messenger RNA), EACH 
of its 23 pairs of chromosomes, so that each daughter cell can receive a complete set. 
Occasionally, a DNA strand will break during this process. The cell normally mends these 
fractions correctly or if it can not, then trips the self destruct switch (leading to programmed cell-
death i.e. APOPTOSIS. 

  



But  sometimes,  a  cell  will  incorrectly  join  2  or  more  different  chromosomes,  yielding  
to TRANSLOCATION, in which portions from 2 different chromosomes are swapped. When 
this happens,  the  outcome  will  be  more  or  less  harmful,  depending  on  the  random  
sorting  of chromosomes  into  the  cellular  progeny  (offspring  /descendents). Unbalanced  
translocations represent  too  many  copies  of  some  genes   and  too  few  copies  of  others.   
Balanced translocations may or may not cause problems.  Translocations occur in  many types 
of TUMORS, but  they  are   particularly  common  in  SARCOMAS  (Cancer  of  connective  
tissues - Bone, Dentin, Muscle, Cartilage, Mucus, Fat etc.). Certain translocations cause 
specific kind of cancer. For example, abnormal inheritance of an extra copy of GENE 12 causes 
common type of SOFT-TISSUE CANCER (LIPOSARCOMA cancer developing from FAT-CELL). 
 

                               
 

Ref: https://sites.duke.edu/seektobacco/2-the-role-of-tobacco-in-the-development-of-cancer/the-content/ 
 

Cancer cell division . One cell has defective or damaged DNA. This causes it to divide more 
quickly than healthy cells, resulting in large numbers of cancer cells that form a tumor. 
 

Healthy cells contain specific proteins that signal the cell to stop dividing and growing when no 
longer necessary. But sometimes, the “stop” signals get corrupted, leading to uncontrolled cell 
growth and division. The disruption of the stop signals can be caused by genetic, or inherited, 
defects in the cell’s DNA, or by external dangers such as radiation or environmental toxins, such 
as pollutants or chemicals, both of which can cause damage to the cell’s DNA. Each of these 
factors can lead to cancer. 
 

CONCLUDING REMARKS: 
 

(1) CHROMOSOME  NUMBER 1 (from  pair)  of  man,  woman - whether  Indian, African, 
European is FUNCTIONALLY SAME  except minor variation (mutation), which may cause, 
say for one person to have black hair with heart-problem possibility & the other person may 
have, say grey hair without heart-problem possibility.  

(2) Likewise CHROMOSOME NUMBER 2 (from  pair) is almost same for all human beings & 
so on. It is like bricks of same lot. All look alike but minutely there is some difference 
between bricks. 

(3) DNA being  PHYSICAL matter, It can only exhibit physical  characteristics, proved by 
physical tests in physical laboratories AND it can not exhibit Non-physical  characteristics, 
such as Ego, Greed , Jealousy  etc . GENES are, therefore largely responsible for only 
PHYSICAL DEVELOPMENT & MAINTENANCE (in terms of  PHYSICAL well-being or 
disease-states) and to some extent  EVOLUTION & ADAPTABILITY (due to auto-changes 
in genes i.e. natural mutations).  

 



      However, GENES can not express or control apparent ly -non-physical parts  of Humans,  
in terms of Happiness,  Ego, Greed, Attachment, Deeper-common-sense (vivek), Inward-
Awareness-development and Effort beyond what genes dictate i.e. EFFORTLESS-EFFORT 
(PURUSHARTH), etc. Happiness etc. is state of mind. Further there is vast physical 
difference between individual HUMANS, SNAIL etc. in-spite of minor genetic differences, 
between all these. Such states, non-explainable by genes is partly because 95 % of human  
Genome  is  not  yet  discovered. As regards,  NUMBER OF GENES, there is not  vast 
dif ference among  HUMAN, MOUSE, CHICKEN, DOG etc. (see tables above). However, 
the main r eason for vast difference, in each of human-beings and  animals in terms of 
complexity of body-mind , is because of vast difference in “apparently -non-physical” 
enti ty, cal led KARMA. ( Actual ly at  deepest  level  KARMA  is also a physical-
nonl i fe enti ty) . Because of  KARMA, human mind has massive sub-cons-
memory with traits such as ego, variety of notions,  emotions,  i l lusionary intel lect 
etc.  and its implications, powered by extremely powerful LIFE ENERGY (ATMA),  which is 
EXACTLY SAME for ALL - HUMANS, MOUSE, CHICKEN, DOG, PLANT  or any living 
being .   

 

NOTES:  
(1) The above article is compiled from various reliable sources and tried to present the 

information in simplified way. Web links are quoted as references from which information is 
gathered. Such links are in brown color . 

(2) There is a possibility that some errors could be there. I will be grateful for any corrections 
suggested by the reader. I will then make needed corrections in this article.   

(3) Some paragraphs are added, as per my personal views (Turquoise color). 
(4) There is duplicate information  at many places for better reference to the context. 
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