The viral wonderland
by Zareena, Mookayi and Mari
Mari was smiling. She was reading Zar’s email. It was dated 1.5.2040.  Zar had enquired about the kolams of Usha Amma and of course all of us.  Mooks had also replied to her email with lots of old memories. Trust Zar to dig up from her archives, just as the world was facing yet another viral pandemic, what they had discussed online for a Jantar Mantar article on viruses twenty years ago when the Covid-19 pandemic had been going on. So much had happened to the world since those years when several waves of the pandemic swept the world. How that viral pandemic changed not only the course of human society but also our lives. 
Zar had gone on to become a virologist exploring the global spread of viruses. Mooks became a maths specialist modelling the interactions of the viral communities within the biosphere. And what about me? Mari thought … I became an artist communicating science to the public. What the Covid-19 pandemic had showed was a definite need for conveying the science and the importance of public health to the common public and those who governed the countries. She started to read the transcripts of the online meetings that Zar had sent ...
Usha: Good that all three of you are meeting online to discuss about viruses. At the end, I hope you will write-up what you learn as an article for Jantar Mantar. The previous issue had an informative article on viruses. But as I told you all we have to think of “Viruses -- more friends than foes”. Hope you all read the book by the same title by Karin Moeling published in 2017 by World Scientific Publishing that I sent as a pdf e-book.
Zar: Of course. I was surprised that there are more viruses on Earth than stars in the sky. 
Mooks: Going by numbers, about 1033 viruses, 1031 bacteria, “only” 1025 stars and soon about 1010 humans. 
Mari: A decillion viruses! Or a million billion billion billion of them.  
Zar: The International Committee on Taxonomy of Viruses (see https://talk.ictvonline.org/taxonomy/ )  gives only 6590 species because only a small fraction of the viruses are identified. For example, the giant viruses came to be known only since 2003.
BOX on “We are the invaders”
As Karin Moeling says, “We are the invaders in a world of microorganisms, and not the other way round. A gigantic number of micro-organisms, bacteria, archaea, viruses and fungi populate our body and dominate in our environment. Bacteria and viruses are present in kilogram amounts in our intestines — yet without causing diseases. On the contrary, they help us to digest various— even essential — nutrients, which we otherwise would not be able to consume. They also cover our skin, mouth, vagina, toes, nails and birth canal, all with site-specific bacterial and viral compositions.”
END OF BOX
Mooks: An astronomical number of viruses exist in the oceans. But every salad dish is full of viruses — and they cannot be washed off, as they are inside the plant cells; yet they are mostly harmless to us because they are so specific to the cells they use to reproduce. 
Zar: Moeling makes the point that humans are a superorganism, a complete ecosystem. I was surprised to learn that healthy humans comprise of about 1013 cells which are authentically human, our “self”, and in addition we host about 1014 bacteria and perhaps at least ten to a hundred times more viruses! 
Usha: Yes. But this ecosystem is not , as is often described, in a state of constant war. There is a well balanced co-existence; when we destroy the balance, then things get dangerous and we have pandemics. Viruses are opportunistic and take advantage of unusual situations, of weaknesses of their hosts. In most cases humans are the cause of the diseases by trying to invade and occupy all biological space.
Mari: Zar, what did you say earlier about giant viruses? Surely viruses are small and pass through micron (recall that 1 micron is 10-6 metres or one thousandth of a millimetre) sized porcelain filters? I thought this is how they were discovered as being different from bacteria. Remember Tobacco Mosaic Virus (TMV)!
Zar: Yes Mari, but that is science. It keeps coming up with new discoveries and knowledge. In 1992 during a pneumonia outbreak, a micro-organism was found growing in amoebae (which are single-cell organisms) from the water of a cooling tower in Bradford, England. But it was visible in a microscope and did not have characteristic bacterial ribosome sequences. So the micro-organism inside the amoebae remained unidentified till 2003 when a group from France showed it was actually a virus. They called it Mimivirus in that it mimics bacteria. Mimivirus particles have a size comparable to that of small bacteria.
Mooks: Viruses the size of bacteria and living in amoeba ... interesting. Seems rare.
BOX on GIANT VIRUSES
Like often with good science – and not pseudo science –  once people find something, many others also start discovering similar things. There are two striking features of giant viruses: their genome and particle size are both larger than has been historically considered for viruses. Many more categories of giant viruses have been discovered – Mamavirus, Pandoravirus, Pithovirus. The current size of giant viruses goes upto 1-1.2 micrometers in length! You may know that a translation machinery is present in cells that help to make proteins that we need, starting from DNA or RNA. These giant viruses even have proteins that are part of such translation machinery. These viruses make compartments called viral factories in the cytoplasm of the amoeba to produce more viruses.
The Pithovirus was the most ancient eukaryote-infecting (eucaryotes are cells with a nucleus) DNA virus that was isolated from a 30,000 year old layer of ice in Siberia, Russia. After lying in the tundra for so many years, it was still viable and able to infect amoeba.
There even is a virus which has been named Sputnik which was found to infect the viral factories of the Mamavirus. Such viruses which live on giant viruses (like parasites) have been called virophages.
END OF BOX
Mari: But are these giant viruses only found in amoeba?
Mooks: No, the giant viruses have been reported to infect mice, corals and have been isolated from human blood and are present in the human virome (collection of viruses in and on the human body). These giant viruses infect marine algae also. In fact, they are the ones that destroy the algal blooms that happen regularly in the ocean. They release the nutrients back into the environment and are an important part of the aquatic cycle.
Mooks: The other end of the spectrum in terms of size are the viroids – naked RNA not having a coat. They were not considered as viruses. They are predominantly associated with the plant kingdom. In 1971, Theodor Diener showed that the potato tuber spindle disease where the tuber becomes misshapen is caused by a pathogen 1/80th the size of a typical virus.. In 1976 Sanger and co-workers showed it is a single stranded circular RNA molecule. 
Mari: So these viroids are not in humans?
Zar: Well ... a viroid present in some potato or cucumber or tomato at some point went to the liver of a human being instead of getting excreted out of the gastrointestinal tract. There the viroid found a partner in the Hepatitis B virus (HBV) and it became the Hepatitis Delta virus (HDV). The RNA of the HDV is packaged inside the borrowed coat of the HBV! The two “viruses” replicated in the liver together after they met there. The HBV supplies some of its own protein coat molecules to HDV. This enables HDV to leave the liver cell to infect other cells or even other people, not just move inside plants any more! If people are infected by the two liver viruses, HDV and HBV at the same time, it leads to a severe liver disease and cancer.
Mari: Amazing, how these viral parts adapt and change their host range.
Mooks: Even more bizarre is the poly-DNA virus, an insect virus. It carries DNA, but does not carry its own genome. How then does it replicate? The DNA of the virus is already a part of the genome of the female wasp, which hosts the virus. The mother wasp secretes eggs and, with them, the virus, and she injects all into the body cavity of caterpillars. Now the DNA of the viruses helps to release toxins, which kill the caterpillar. This results in predigested food for the young wasps. The virus gives its own genes away to the host and leaves the host without them.
All newborn wasps carry the viral genes in their genomes, inherited from the mother wasp, and will one day repeat the cycle. It is a vertical reproduction from generation to generation. 
Mari: What about endogenous viruses? Are they not important for giving protection against viral infections? I remember reading this somewhere.
Zar: Viruses or parts of their genetic material enter human cells (which are called the hosts) in many ways and infect them. If by chance they infect germline cells, which are the cells involved in reproduction, then they can enter into our DNA and become a part of the host genome. Viruses that insert a copy of their own genome into the DNA of a host cell are called retroviruses. Once the viral DNA becomes a part of human DNA, they can use the host DNA to replicate. They are called endogenous (a part of) rather than exogenous (from outside) viruses. Generation after generation these virus genes mutate and eventually in many cases de-activate the virus, such as with Bornaviruses. These are present as endogenous DNA in many species, in humans, monkeys, marmosets, elephants, lemurs, mice, rats and birds — but not in horses. This is how humans may have become resistant, with their endogenous Bornavirus sequences, against infections by exogenous Bornaviruses. No endogenous Bornaviruses have been detected in horses, and they indeed get sick by exogenous Bornaviruses, coming down with depression. Unfortunately, retroviruses like Human Immunodeficieny Virus (HIV) still can harm the host.
Mari: How long does it take for a virus to become endogenous and not cause harm to the host?
Zar: Don’t think that is known. It will vary depending on the virus and the host. But in koala bears it has been shown to happen in over 100 years or 20 generations of Koala bears. As Koala bears became endangered due to hunting they were shifted to small islands around Australia and kept in protective custody. But they got infected with the gibbon ape leukemia retrovirus and many died. But some survived. Examination of the survivors showed that the gibbon ape virus sequence had become a stable part of the Koala genome. This was not found in the Koala bears in the mainland. So the endogenisation is likely to have occured after the transfer to the islands. Thus the retrovirus sequences were inherited as endogenous viruses - in the surprisingly short period of 100 years. And the endogenisation provided protection against the exogenous virus infection.
Mooks: I think about 50% of the human genome has endogenous retrovirus or retrovirus related genes.
Mari: So what defines us humans then? Not our genome, not the cells in us! At  least now, we need to accept that we are an organism made from other organisms including viruses.
Zar: But for the viruses we will not be here today. Retroviral insertion millions of years ago when vertebrates were egg laying gave rise to genes that produce proteins called syncytins. These allowed the formation of the fetal membrane and the suppression of immune response which should reject the foetus as it is a foreign body in mammals with a placenta. This insertion event has happened not once but many times in different points during the evolution of mammals. This same insertion type event has been found even in lizards which developed the capability to give birth to live young as against egg laying.
Mooks: Viruses are drivers of evolution. They are the dominant players of evolutionary
change across mammals and humans. Many aspects of our adaptive immune system, parts of the brain development that define us, are due to such elements of viral origin.
Usha: No viruses, no us. We need to learn this and treat them as friends and not foes. Peaceful co-existence is the only solution. Not a war against viruses. 
Mari: Human activity in order to exploit resources  has often lead to the introduction of pathogens to new hosts that were earlier not exposed to them. The Mayans were destroyed due to the Spaniards bringing small pox with them. The North American Indians were killed in large numbers due to the diseases introduced by the European invaders. The Australian aborigines are believed to have been wiped out due to infections brought in by the English settlers. So the enemy is within. Not the viruses but those who seek to exploit without regard to the native population of organisms whether humans or others.
Even as she was reading this, Mari felt herself being shaken. She opened her eyes and found her mother telling her “Mari, wake up. Freshen yourself and go to the computer. Zareena and Mookayi are waiting online to discuss with us about viruses. I will make some tea and bring it there.” 
“But Amma, the dreamer that I am, I already know what is going to happen”, said Mari as she gathered her kindle that had fallen out of her hands when she had fallen asleep reading.

