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"he story is about a poor
teenager 'Willie' who is
suffering from sickle-cell
anaemia. This takes a toll on
his dirt-poor parents who
struggle daily to put three
square meals. In his
adolescence, he became
aware about his family's
financial crisis on account of
his illness and so he would
often wander away from his
home into the junkyard to
spend some time alone.

On one such day, he found a

sealed champagne bottle in

the junkyard. As it was very
odd to find something so

expensive in such a place,
he uncorked the bottle out

of curiosity. A pall of thick
black smoke began
to emanate from the bottle
and in no time, he was
standing in the presence of
a huge GENIE!l The genie
then offered him one wish.
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I have only one wish - to resolve
the one issue that has been
ghawing at my heart since I can
remember. Why am I always
sick? Why do my parents have to
spend half their income in clinic

' bills? That's the answer I want
- you to bring me. Nothing else.

That can be done in a moment, pall But are you sure this is
all you want? You can ask me for anything, literally anything,
from a mansion in Beverly Hills to tea with the Queen in the

Buckingham Palace.
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I might have dropped out of school but
I know what I want so don't you ever
second-guess me!

Ok, fine then. Kid, get ready
for a hell of a ride. And this
roller coaster ride is called

"Genetics through the tower of
Heredity"!

Willie enters into a trance and wakes
up to find himself in the human body
or something that looked like it

What are these
watery balls
hovering around?
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We are inside a human
body and there's nothing
smaller than these badlls.
. So these would be...?

"B

| Had you not droppedj
out of school you
would have known

that these are called
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Now, pay attention! That
grand hall is called the
hucleus of the cell and
those floating objects

that look like butterflies

are called chromosomes.

And no matter how hard you
find to believe it, these
butterflies are made out of
DNA molecules which we will
visit shortlyl.

oy
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Don't be afraid when
you see them because
they are not called
macromolecules for
nothing.




This gigantic staircase is called DNA -
Deoxyribonucleic acid and I know this
doesn't look like a liquid but believe me, it
is an acid.

And this molecule
that looks like
DNA's half-
brother is called
RNA- Ribonucleic
acid. RNA is helical
while DNA is
double helical. But,
there is still time
for this. Let's
move onl!
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Discoverers of
DNA
Francis Crick
and
James Watson
1953

_ - They are the men responsible for
| discovery of this great molecule
in 1953 - Francis Crick and
4 James Watson and they were
3 CR -.h___warded Jrhe Nobel Prlze in 1962,
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Just like every great story, the
story of the discovery of DNA
has an unsung hero or rather, in
this case, an unsung heroine:
Rosalind Franklin.
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But why are we even talking about this
molecule. I am sure there are many more such
molecules with great stories and wonderful
B 2 structures in the human body but I am not here

to revise High School Biology.

P
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Apart from the fact +h%? % &
I don't think you would have even heard— \
of this before in school, let's say that there is
tthe fact that this molecule is responsible for transfer
of genetic information and thereby, it is responsible

for heredity.

DNA of an organism is its blueprint - be it
the smallest bacteria to the largest
mammal.




What you will grow up to
be like (physically
speaking) is for this
molecule to decide. This
is the molecule that
decides why a deer's
offspring won't end up to
be a gorilla.

o put it bluntly, this one molecule] |
is the answer to the question
you've asked yourself once too often.
But to get your answer, we need to
understand the

skeleton of this molecule.

So do you have the patience to
hear the full answer??

Okay,
Mr. High-n-mighty,




Okay, then listen! If we strip down this

enormous molecule to its barebones, we will
find this.
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People call this a
hucleotide and this has a
sugar at its heart and a

phosphate on one end and
a hitrogenous base on the
other. These nitrogenous
bases come in 4 variants -
adenine(A), thymine(T),
guanine(G) and
cytosine(C)
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They form the steps on which
we are standing at the moment
while the sugar and phosphate
molecules bond to form the
banister of the staircase.
Adenine and Guanine are called
purines because of their fused
ring structure whileThymine
and Cytosine are called
pyrimidines due to their single- |
ring structure. How exactly?
| We shall see.
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how so I
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'nitrogenous bases from the two strands bon

with each other in a specific order: Adenine
with Thymine (by double H-bonds) and

Okay, My Master. So here it is. The J

Guanine with Cytosine (by triple H-bonds). |

Only if you would have
observed this my dear
Willie, you would have seen
that the strands run
opposite to each other.
This is called anti-
parallelism which is

important in DNA
replication.

t The most interesting
thing is that these
sequences of
hitrogenous bases
can be read like a
code which are
unique, just how each
phone humber is.

F
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Segments of this code are known
as genes. These genes can
control the structure and

function of cells and eventually
all the bodily features.

Okay, but how does this
molecule, no matter how
big or how important it
is, affect everything
from my teeth to my hair
to the colour of my skin.

I

You are right! So, this moleculeT
doesn't actually colour your skin or |
shape your teeth, it codes for |
proteins that do. To understand it r[
better, imagine proteins as |
applications in a mobile phone and |
DNA as the programming language
used to develop them.




But, between the

journey from DNA
to proteins, we have
the middleman -
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Now, although it sounds and looks
like the DNA, it is multi-talented
(more flexible) in terms of
structure and functionality. The
RNA also has a sugar molecule, a
phosphate molecule and a

¥ 4 Zh‘rogenous base but the 4 variants
in RNA include Uracil (U) instead of

Thymine (T) and the sugar is also

ery different: much more reactive

than the one in DNA.
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And what about
these gigantic
and distorted

molecules:
proteins?

|

-

These proteins are the most vital
biomolecules inside the cell. They are
found in many different forms
carrying out countless functions. Right
from enzymes that carry out bodily
reactions, to hormones that transmit
signals like messengers, all of these
are proteins. In fact, their name
comes from the Greek word 'Potas’
which means 'primary importance'.

— —
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| Primary
Importance




Can't we just skip the
Greek and Latin part?

r"\

Sure. Let's just go down to
the basic structure which is
amazingly simpler than the
macromolecular structure
which is quite frightening
(even for me).




[ At the primary level,
a protein molecule is
just like a string of

pearls with the pearls

\__being amino acids.

==

"Now, there are onlyjy ;
20 such pearls U

available in the
human body and the
sequence in which
they are strung
together is
paramount to every
protein's peculiari+yj
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This is called the .
primary structure of a| | = |
protein and it is unique| =
for every kind of

protein. _J

—

Now, when this structure is L
turned and twisted in more ways
than you can imagine to form the
' final intimidating structure of a
| protein molecule, it is called the

quaternary structure of a
protein.




Apart from these, we J
have those tiny
molecules that can
easily pass through
that boundary called
the cell membrane.
These are called lipids. }

i

And finally, we have
carbohydrates
which are basically
sugars strung
together in
collections of two,
three, or more. '




All this is just too much
information to process.
And what does it have
to do with my
condition? My health?
My family?

/ 6

Willie, you have a
rare blood disorder
called sickle cell
anaemia...




....where your red blood cells
(RBC) shaped similar to
circular discs like this attaina
hook-like shape that
resembles the shape of a
sickle and hence the name.

Your blood vessels are

designed for normal RBCs.
But these deformed cells

clog the vessels and hinder
the blood flow




This is the root cause of most of your
symptoms, from the swelling of your hands and
feet to the frequent bouts of unconsciousness

and shortness of breath

~ The worst part is that
- it has nothing to do
with your actions or
your lifestyle. It is q
genetic disorder which
means that it was
passed down from your
parents to you.

|




No, no wait! This can't
be the casel Both my
parents are bursting
with health - at least,

the level of health we
can afford.

Too bad! This means both "o 8

your parents are carriers o i
of this disease. Which | TRk
meant that their
offspring would have a |
25% chance of inheriting
this disease.

No, they probably weren't aware of
it when they got married. And even
if they were, it needn't always be
the case that the children are born
with this incurable disease. It was in
their genes. Consider this as a
legacy that cannot be willed out.
Irrespective of our wishes, these
genes will be passed on




= | These are called genes.
Oh! What are Remember I had told you
these mandatory B that your DNA codes for
inheritances in oy - .. proteins? These genes are

life? T Lo Y the commands in the

program of your DNA that

— ‘ 5N is read and compiled to

TN (R create proteins.

Every gene is a page in
b | the cookbook of DNA
: [ that gives you the recipe
% TR of a particular protein.




Now, the recipe for biryani will not be as
long as the recipe for idli, will it? Similarly,
genes in the DNA are of various sizes.

D

So, genes make up
proteins? I thought
proteins were made

of amino acids?

DNA molecules are
present in the genes
while amino acids are
present in a protein.
Basically, genes have

the code for
synthesizing various
amino acids. It then
strings them together
to give a protein.

)

Think of a proteinas a
complete meal. From a
cookbook that has all
the Indian recipes,
you can choose to
make appam, puttu,
egg roast, fish molee
and kozhukatta to
constitute a Keralite
meal. Similarly, for
every amino acid, we
have codes in our
genes.




These amino acids can
be created and
arranged together by
reading the genes. A
gene is a hucleotide
sequence and what
distinguishes
adjacent nucleotides
in a DNA molecule are
their nitrogenous

bases. N'_I,rogenous' baSS ’ C

So we can represent a gene by the
sequence of its bases. Say we have a
gene:
ATGGTGCACCTGACTCCTGAGGAGA
AGTCTGCCGTTACT
This gene should give rise to a
protein but what about the amino
acids.

How does it create the relevant
amino acids? A ribosome
produces amino acids by reading TCG]TAT AC TCA A}G_I T
this code in groups of three. So, i
ACT, GTT, GCC, etc. are all
instructions to the ribosome to
produce particular amino acids -
Threonine, Valine and Alanine
respectively in this case.
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These amino
acids are then
strung
together to
create a
protein.

20 AMINO ACIDS ||
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So, genes in the DNA
are read by the
ribosome to create
strings of amino acids
that make up a protein.
Easyll

By the way, these
packets of three
are called codons.
Every amino acid
has multiple
codons as we have
64 possible
combinations but
only 20 amino
acids. So there is a
surplus of codons.
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Not so fast,
kiddo!ll There
is a problem,
the chef is
French so he
can't read
the

| cookbook.

That, in our example, would
refer to ribosomes that cannot
directly read the DNA
sequence. We need to translate
the book into French. In our
case, we heed to write the DNA
sequence as an RNA sequence.




French has 26 alphabets like English but there are
differences in pronunciation. Similarly, RNA and DNA
are very similar but there are differences in
hitrogenous bases. RNA has uracil instead of thymine.
But, we also need a translator. This role is fulfilled by
Mr. RNA polymerase in our bodies. He separates the
two strands of a DNA and creates an RNA strand
that can now be used by the ribosome to create
amino acids. The former process is called
Transcription and the latter is called Translation. At
the end of translation we have a string of amino acids
that folds to form a protein.

Do you just like
to blabber?
Because I don't
see how any of
this is connected
to why my
parents passed
down a lethal

Okay, I will cut to the chase.
Your condition is due to a
minor mutation. To
understand that, it is
hecessary to know about
these cellular processes.




Now, we know that
all RBCs have a
protein called
haemoglobin.

5 |CKLE- CELL ANEMIA
DNA Ssecquunce. -+ CCT 4Aq QAG: - . CCT— GTG GAG-" "
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In people afflicted with
your condition, a
particular codon, GAG
is replaced by GTG i.e.
there is a mutation and
instead of glutamic
acid, the protein
incorporates valine.
Such mutations are
called point mutations.
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So, you see, one single
change in your DNA can
have a life-changing
effect not only on you but
also on your future
generations. In fact, your
parents also have this
mutation but they must
also be having the normal
gene which compensates

for the effects of the
defective gene.

In your case, you inherited the abnormal
genes from both your parents and
therefore you could not keep this

condition at bay. Sadly, this condition is

treatable but incurable!l Not even my
magical powers can cure this ailment
because it is actually incorporated in
your DNA and in the matters of the
DNA, the laws of genetics run supreme.




And here L
’rhough’f you were
the most
powerful being in
t+he world!l But it
seems like no on€
can actually fight
my disease. Not
even youl!

But you CANII Today, science is |k
making immense progress by
the minute. How would it be if
you could change the abnormal
gene? After all, it boils down
to one rogue thymine in the
place of an adenine.

Scientists are working on ways to help people like you. But, for
them to succeed as soon as possible, the research into the cure
for this ailment has to be launched by hundreds and not ones or

twos. They need you, Willie - people who know about
transcription and translation. Go back to school and study! Not
for the sake of your parents but for your sake. It is your
crippling condition and you have borne the brunt of it for so long.
Isn't it time to take matters into your own hands and effect the
change you long for?




