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Hello everyone!  Today, we are going to start the first lecture of the RNA Biology. and 

the course outline is present in this first slide itself. And we will go through each and 

every sections one by one within the stipulated time. And the recommended readings are 

listed below and I would be referring contents from various books and also published 

papers and research articles and reviews etc. 

And I will be giving reference for those work, every time, when I go through a given 

content. 



(Refer Slide Time: 01:05) 

 

So, the first topic is about the ‘RNA World’. So, the word itself indicates what an “RNA 

world” the terminology stands for. ‘RNA world’ is a coin termed initially by the famous 

scientist “Walter Gilbert” in 1986 although this idea is much older than that. However, 

“Walter Gilbert” was the one first to point this term ‘RNA world’.  

So, it basically means there was a time before the life originated on this planet that there 

was a time the life the so-called activities related to life was carried out through RNA 

molecules. And so, what it indicates there is a self-replicating RNA that were acting as 

precursors of current life forms that is purely based on the DNA. 

Of course, I am not denying the fact that there are many living forms such as viruses they 

have RNA as their genome even today. But eventually, majority of the life forms have 

DNA as their genome which transcribes into RNA and later into proteins, which we will 

see them one by one; however, having said that this so-called “RNA world” has its own 

dilemma which we will be addressing one by one. 

So, this proposal is basically called as the ‘RNA World’ Hypothesis means the life had a 

stage in this planet before the organisms started appearing that stage was preceded by a 

RNA world. And we should understand this whole idea is quite hypothetical and reason 

being very simple because it is very hard for anyone to replicate the lifeless planet in that 

large scale. So, we have to look for the evidences and also look for is there any options 

to prove it. 
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So, we should understand the current biological functions in every living organisms 

starting from bacteria to human are carried out by proteins mainly the workforces or 

proteins. So, is there any difference or is there any similarity between the RNA and 

protein? Because this is very important to have clarity to start with. 

Simply because, one may wonder if RNA world existed why it shifted to DNA? and then 

protein molecules and their dependency in the later on living organisms. So, the 

‘chemical evolution’ because there is parallel hypothesis that existed that talks about you 

know evolution of life forms through a “chemical evolution”, which basically means that 

various molecules chemical molecules. 

Of course, RNA itself is a chemical molecule, but chemical evolution basically says the 

congregation of various chemicals would have contributed to the origin of life. So, the 

chemical evolution basically started when the life evolved from a polymer called protein 

and it exists even today in all living organisms the workforce is the proteins or proteins 

in a way proteins basically means the structural proteins and functional proteins they can 

be called as the workforce of life in any living organism. 

So, several questions have arisen based on the RNA world. And one of the major 

constraints of this RNA world hypothesis is that we do not have an RNA world the way 

we define in this modern world. And there are many questions have arisen against the 



RNA world hypothesis and we have to look how can we prove it or disprove it we will 

see them one by one. 

There is currently a large scientific notion that is existing towards a polymer called 

Nucleic Acid. And nucleic acid as the name itself indicates they are broadly classified 

into deoxyribonucleic acid and riboxynucleic acid, but what we are talking here is about 

the ribonucleic acid which acted as a workforce in the prebiotic world even before the 

life originated on this planet. And the short form of ribonucleic acid is called RNA and it 

is the abbreviation. 
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So, let us look into what is life? Because it is a very broad question and this particular 

citation is written by the famous physics scientist Carl Sagan and when he published in 

Scientific American. So, life can be defined in various ways; however, we should 

understand what is the most fundamental or the most simplistic form that covers all 

aspects of life. 

So, one could assume life is a system that is capable of reproduction and mutation. We 

will come to that what is mutation. Mutation simply understand that a change in the 

normalcy if something is happening 1 plus 2 is equal to 3 and now you are saying 1 plus 

2 is not equal to 3. So, that is called a change that is a mutation. So, in life form any 

system that is capable of reproduction and change it in some way or the other a mutation 

and the reproduction of those mutation. 



That means a change is there, now are you able to reproduce this change? Then that has 

to be tested through the time whether or not this change or the so-called mutation is 

winning the test of time and that is the fundamental definition of life that one can simply 

put in. 
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So, there is a lot of you know arguments debates etcetera have existed based on the 

simple question, what is life? And there are different groups of researchers and scientists 

who debate still on this. But we cannot simply have a easier explanation and therefore, 

the discussing of origin of life is nearly impossible and for the simple reason that none of 

us were completely aware of the situation before the life existed on this planet and we 

cannot comprehend the actual depth of life as of now. 

Because simple example I can tell you many scientists say virus is a non-living entity, 

but many people say virus is a living entity, both are correct. So, you may wonder how 

this is possible because virus when it is not inside a host it is impossible to propagate 

itself it is impossible to divide itself and of course, there are many bacteria also existing 

they need a host in order to propagate. 

Now, the question of reproduction falls apart it cannot reproduce it need a host, but then 

one can argue the host itself is part of its atmosphere or part of its surrounding or part of 

its habitat then it becomes a part of definition. So now, you have to introduce a topic is it 



self sufficient? and of course, viruses and some bacteria are not self sufficient unless a 

host organism is provided. 

So, that is why the definition of life becomes debated. So, there are 2 versions of the 

story can be put forward and we will see them what are these 2 versions of story that is 

so-called life. 
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The version one, which is basically an easier version and which is easy for us to 

understand because all life forms are made of cells point number 1. And point number 2, 

life reacts to its environment which is also very valid. And then life reproduces point 

number 3, life reproduces.  

Then life uses energy because any forms of life need energy source can be chemical 

energy or you know light energy it need some forms of energy to sustain itself. And then 

life grows because life do not exist it will be any organism whether it is a bacteria, virus 

human, they keep growing it may not grow in physical size after some stage, but they are 

replenishing the lost part. 

And so, these are easier points which we can consider for the version one of the 

definition of life. But life reproduces is something which you should keep in mind and 

life uses energy is something we should which we should keep in mind because they are 

going to be most important for the survival of an organism. 
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And the version 2 is the most accepted version and we will see why this is so? Many 

scientists constantly debate as I already told you this issue on the definition of life 

because we only use two of these rules to discuss life in high end biology; that means, 

life reproduces and life uses energy. So, the ability to reproduce is one of the 

fundamental requirement of life. Reproduction basically means - any new character or 

any maintenance of existing character it has to have the ability to make a copy of itself. 

And then the ability to acquire a particular molecules and use them in controlled 

chemical reactions that maintain conditions suitable for life and contribute to growth. So, 

this is another important point that has to be addressed by every life form without which 

it becomes impossible for the sustenance of life. So, we can say the version two is the 

most accepted version of life. 
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So, coming back to RNA world because we already defined the life and now, we have to 

see the RNA world with regard to these definitions because in a prebiotic world we had 

only RNA molecule as the initiators of life on this planet. So, a stage of evolution existed 

when the RNA perform both genetic and catalytic role. So, evolution is a new term 

which we are introducing. 

Evolution basically means that you have something say for example, you can think in 

any form, see you have designed a very beautiful pen or you have designed a very 

beautiful mobile phone. Now the question is are you able to make a replica of it? So, 

sometimes you know many art painting, many artists will make a beautiful painting, but 

based on the technology which they have used they may or may not be able to reproduce 

it. 

Say you made a art work by say by random approach, then it becomes very difficult even 

for the same artist to reproduce it; however, if you have made anything through a defined 

process then it becomes rather easy for you to reproduce. Just like in a manufacturing or 

assembly line of a car or a mobile phone or a pen or anything. So, it is very important 

that you are able to make a copy of itself. 

Now, the evolution term will be much easier. Now you will may have seen in the older 

time the mobile phones were very simple which is a miniature version of your landline 

phone. You have a buttons and you can simply dial a phone a number. Now you slowly 



started getting a camera, a FM radio or maybe you are able to play songs etcetera. So, 

this is called evolution. 

That means you are introducing newer and newer and newer features on to an existing 

thing and now it is getting adapted. See introducing is something whether it is getting 

adapted to, is another thing. many a times if a mobile phone is having a feature which is 

absolutely no use to anyone. Then what will happen? People do not prefer that phone or 

people do not want to have that feature as a requirement in their phone. 

So, naturally that particular phone version will get outdated. On the other hand, you 

introduced a feature which is very important people were just waiting for it looking for it 

and if you get that phone  then that will be propagated and more and more manufacturers 

will start introducing it. So, this is evolution; that means, any change that is introduced 

has to win the test of time. In the case of mobile phone, it is the customers. 

So, that is what evolution means basically in the simplistic form. And RNA world has a 

basically a molecular world which is capable of replicating its own molecule; that means, 

we can say that an RNA world existed where a lot of RNA molecules were there and 

many of them were able to make a copy of themselves through their catalytic role. 

‘Catalytic’ is a new word which I am introducing. Basically, mean it is capable of 

carrying out some of the important functions like if I give you a pen and a paper and you 

are able to write it is a function. Paper and pen will not write you are the one who is 

writing; that means, you are the catalyst. So, here if there is no you existing only paper is 

there or pen is there. In that situation either paper should have the ability to use the pen 

and write it, or pen should have the ability to write automatically. 

Then that can be called as a function or a catalyst. So, RNA molecules if it has to make a 

copy of itself either it need a third party or it itself should be able to make a copy of 

itself. So, RNA world was found by a group of self-replicating RNA molecules called 

ribozymes. We will see more in detail about ribozymes in the subsequent classes. 
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So, let us think are there any evidence we are talking about RNA world etcetera etcetera. 

Are there any evidence, are there any supporting theory for the RNA world hypothesis. 

So, we have evidences to prove that there are plenty of molecules RNA molecules exist 

even in modern world which have the ability to replicate itself and we call them 

ribozyme.  

And another example is ribosome it is different from ribozyme. Ribosome indicates a 

molecule that is present from bacteria to human inside a cell which is essential for the 

production of protein in a cell. So, it consists of protein and RNA molecule; however, the 

biological function of say peptide bond formation during protein synthesis is exclusively 

carried out by the RNA component.  

So, in principle we can call ribosome also a ribozyme. So, we have two examples of 

course, there are many examples that will come as we go on with the class. 
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So, let us see some key milestones of RNA world hypothesis that is origin of life based 

on scientific support or scientific evidences. Around 2000 years ago, the Bible stated that 

‘God created humans and higher organism’ that was the understanding around 2000 

years ago. By around mid 1800 the so-called creationism of insects, frogs and other 

small creatures known to arise spontaneously from you know rotten meat and rotten dirt 

etcetera. 

And people started believing you know spontaneously living organisms can come from 

dirt. And late 1800s Louis Pasteur the famous French scientist and he demonstrated that 

the bacteria and other microorganisms arise from parents resembling themselves means 

he proved that spontaneously nothing can form it has to have some pre-existing bacteria 

or any other living organism to make. 

So, this spontaneous generation is closed; it is no more valid. Later on Darwin, Charles 

Darwin, came up the proposal of natural selection. So, basically means the environment 

contributes a significant extent for the exerting pressure on various kind on to the living 

forms and allow them to evolve in a differential manner; that means, a now diverts into b 

and c. 

That means it has the characters of a, but b have unique characters different from c. So, 

now, you have two lineage that is one is b line another is a c line and like that that is the 

origin of theory from Charles Darwin on evolution. And he also proposed that ever y 



living organisms in this modern world have originated from one common ancestor that is 

one unique common ancestor for all living life forms on this planet. 

And Darwin also suggested that life could have arisen from chemistry; that means, 

chemical molecules in some warm little pond with all sorts of ammonia, phosphoric 

salts, light, heat, electricity, etcetera etcetera. 
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So, some other milestones of life on the origin of life. in 1953, Urey and Miller they are 

called Miller and Urey experiment at the university of Chicago. They demonstrated for 

the first time that the amino acids which is the building blocks of proteins could be 

formed from atmospheric gases and lightning that is purely inorganic substance and 

physical molecule there is no organic material involved, but amino acid is a organic 

molecule that can be formed from inorganic substances. 

And in late 1960s famous scientist Woese at university of Illinois and Crick at England 

and Orgel at Salk institute Salk institute at San Diego he concurrently proposed that the 

RNA may have preceded proteins and catalyzed RNA and also various other biological 

functions and they could have also given rise to the last common ancestor which Darwin 

has proposed and in short form it is called last unique common ancestor it is abbreviated 

as LUCA  L U C A. 



And from that time onwards the RNA hypothesis is born. by around 1977, a lot of 

hydrothermal vents were put into vents were put into study and hydrothermal vents are 

seen usually in the bottom of the ocean where the due to the tectonic activity because 

you know the below the surface of planet earth there is lot of heat being generated and 

magma comes out and this can give rise to lot of heat in the bottom of the ocean. 

And they discovered that a lot of diverse forms of life existed besides the hydrothermal 

vents and these events are created by the inorganic molecules and also the heat. And by 

1983, Thomas Cech at university of Colorado and Sidney Altman at Yale University 

independently discovered the molecules, the protein independent molecule that is 

ribozymes. 

They do not have any connection with proteins, they are RNA molecules that is capable 

of doing some function and we call it ribozymes and they are enzymes made up of 

exclusively RNA. No dependency on whatsoever other molecule. Of course, there are 

some supporting molecules like some metal ions can come into picture, but there is no 

organic molecule support except the RNA itself. 

And these molecules have the heritability and reproducibility possible within a single 

molecule; that means, ribozymes a single RNA molecule can form its own copies and 

also able to perform some functions. 
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So, now, some other milestones of origin of life on earth on scientific evidence. in 1988, 

Gunter theorized that iron and nickel sulfide minerals at the hydrothermal vent systems 

they provided the template and catalyst for the formation of the initial biological 

molecules. 

And we will see them one by one what are they. In late in 1997 Jay Brandes 

demonstrated that nitrogen is converted into ammonia in presence of hydrogen and 

magnetite, magnetite is a ore of iron at typical hydrothermal vent temperature conditions. 

And several mineral surfaces at the hydrothermal vent environments can produce 

biologically useful form of nitrogen. 

So, these are all contributing factors for the formation of life on earth. By around 2000, 

Cody and colleagues have demonstrated that a pyruvate, pyruvate is one of the major 

component of Kreb cycle which produces ATP. pyruvate can be produced spontaneously 

using mineral catalysis in hydrothermal vent condition; that means, the conditions of 

hydrothermal vent is good enough to form a purely organic molecule called pyruvate. 

Pyruvate is a branch point for many biosynthetic reactions including Kreb cycle. 
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So, now coming back to another important evidence that is called the Murchison 

meteorite. Murchison meteorite all of you know what is a meteorite. Meteorite are the 

molecules that is coming from extraterrestrial planetary orbits. They form you know one 



of the meteorite collisions would have been proposed to have caused extinction of 

dinosaurs roughly around 65 million years ago. 

So, one such example is the Murchison meteorite which in 1969 in September month it 

landed in Victoria Australia and the place is called Murchison town. And they could get 

usually the meteorites will burn out in through the friction from the atmosphere, but they 

could able to recover some leftover of this meteorite and they did some chemical 

analysis. 

And what they found? They found plenty of biological materials present in them, such as 

amino acid, aliphatic hydrocarbon, aromatic hydrocarbon, fullerenes, carboxylic acid, 

hydro carboxylic acid, purines and pyrimidines, alcohols, sulfonic acid and phosphoric 

phosphonic acid. So, you can see their percentage in ppm that is parts per million the 

level is very low. 

But we should understand a meteorite at high very high temperature cannot hold any of 

these molecules on its own unless it carried from the extra-terrestrial environment itself. 

What we should understand that meteorite using a lot of the inorganic molecules present 

in itself through this high temperature and this harsh condition is able to convert into 

various organic molecules as listed here. 

So, what we should understand that meteorites composition can give some important 

clues on to how and when and where life could have originated, okay. So, we will 

conclude the session now and we will continue in the subsequent classes with more and 

more evidences regarding the life and the supporting factors of life and we also get into 

the Urey-Miller experiments and. 

Thank you. 


