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Abstract

We hypothesize that components of microbiomes associated with humans and higher life-forms may be
continually replenished from space. Examination of stratospheric dust using culture-independent gene-mapping
techniques could reveal their possible existence and thus demonstrate unequivocally our evolutionary connection
with the external universe.
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Introduction
“Once you eliminate the impossible, whatever remains, no matter

how improbable, must be the truth.” - Sir Arthur Conan Doyle

The role of symbiotic microorganisms, particularly in the human
gut has been recognized for many years. The overwhelming
importance of the microbiome, corresponding to an estimated total
bacterial count of some ~1014 (100 trillion) individual cells has,
however, been relatively recent [1]. Advances in culture-independent
gene sequencing techniques have made possible a better understanding
of this somewhat enigmatic entity although its origin and evolutionary
impact remains unclear [2,3].

Automated gene sequencing techniques have yielded a total number
of genes associated with our microbiome that grossly exceeds the
22,000 or so protein coding genes in the human genome. A consortium
of researchers has recently published a gene catalogue of 3.3 × 106 non-
redundant genes in the microbiome of the human gut [3,4]. Since gene
sequence mapping does not distinguish between viruses, plasmids and
transposable genes, the viral component in the microbiome may
perhaps be the most significant.

The human gut microbiota has often been described as the most
densely populated ecosystem on Earth [5,6]. Gut bacteria divide into
two broad classes: commensual or symbiotic organisms,  and dysbiotic
or pathogenic organisms. Included within these classes are many
groups of extremophiles, including acidophiles, that are significantly
different from free-living microbial populations. Most importantly
they have the proven ability to transfer viral particles (virions) to
invading bacteria. The remarkable individuality and time variability of
the human microbiome, particularly in the gut [7], has also come as a
surprise  to  investigators  in  recent  years.  Its  possible  role  in  health,
immunity and disease is only just coming to be recognized by
physicians. Some human diseases that have defied understanding may

well be connected with properties of the microbiome. For instance it
has been suggested that patients with schizophrenia have a
significantly altered microbiome in their mouths and throats [8].

How did the human (and other) microbiomes arise in the first
place? Is it the outcome of millions of years of co-evolution between
evolved organisms (mammals, humans) and an ever-changing
population of environmental bacteria and viruses? Or is a population
of microbial/viral entities identifiable with microbiomes continuously
being replenished from space?

A discovery possibly related to microbiomes is the realization that
the total biomass of our planet may be dominated by viruses.
Epifluorescence microscopy of sea-water has recently turned up with a
total count of 0.5-1 × 1010 virions per litre or ~1031 virions throughout
the oceans. The possibility that microbiomes associated with animals
are acquired, at least in part, from this pool of viruses cannot be
ignored. Nor can we dismiss the even more contentious possibility that
components of microbiomes form part of a continuing ingress of
biomaterial from comets. From 2001 onwards evidence for an ongoing
entry of biological entities from comets, consistent with Panspermia
[9] has grown to the point of being close to compelling [10,11]. The
case for Panspermia has been further strengthened by recent
discoveries of exoplanets and the diminishing average distance
between neighboring habitable planets [12].

Stratospheric samples of presumed cometary origin recovered from
41 km in the stratosphere have shown evidence for both culturable and
non-culturable microorganisms. The non-culturable component has
been detected in great abundance by fluorescence techniques that
show positive for both the presence of DNA/RNA and membrane
potential (Figure 1). It is possible that clumps such as these are indeed
entire microbiomes or parts thereof that would eventually become
incorporated in terrestrial life forms.

Although a few culturable microorganisms have been isolated and
their 16s-RNA sequenced [13,14] there remains an ambiguity as to
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whether such single bacteria of sizes less than 1 micrometre may
somehow have been lofted from the ground.

Figure 1: Left panels: Carbon/oxygen rich biological structures of
diameters greater than 10 micometres.
Right panels: top-amorphous 10-20 micrometre clumps of
biological particles detected by DNA staining techniques; bottom
large clump of bacterial cells detected by stain (carbocyanine)
revealing membrane potential. [10].

On the other hand the much larger clumps of biomaterial (bacteria/
nanobacteria/viruses) detected both by electron microscopy and
staining techniques (Figure 1) are decisively far too heavy to be lofted
from the ground. So we can safely assume that they fall from space.
Such clumps could include bacteria as well as RNA/DNA viruses that
could interact with and augment microbiomes associated with
terrestrial creatures including humans.

In the balloon experiments that are being planned at the Institute
for the Study of Panspermia and Astroecomics infalling cometary
material will be collected at regular intervals. Samples of the collected
material will be used for various tests, and the hope is to include
techniques that would seek evidence of microbiome-related genome
components in stratospheric dust.

Based on our 2001 sampling of the stratosphere at 41 km [10] we
estimate a daily input of biomaterial over the entire Earth of ~0.3
tonne. With a typical virion mass of 10-21 g we would thus have ~3 ×
1026 virions per day. On this basis the total virion count in the oceans
of ~1031 virions would be replaced on a timescale of 3 × 104 days ~100
yr, or 3 human generations. Over such a timescale microbiome-related
virions if they are incident from space can act as horizontal gene
transfer (HGT) agents and play a crucial role in host evolution [9].
One might speculate that the evolution of hominids over millions of
years was driven by the accumulation of such virions into their
genomes [9,15,16].

On a much shorter time interval the interactions between
microbiome-related virions and host species might be used to practical
advantage in the field of medicine. For example it is known that gene

transfer from the microbiome to an invading pathogen would
sometimes vitiate the effect of antibiotics and vaccines and permit its
ingress to the host [17]. We could speculate that it may be possible for
strategies for vaccines as well as antibiotics to be developed in response
to virions collected in the stratosphere.

For a sample of biomaterial recovered from the stratosphere (e.g.
clusters in Figure 1) techniques of metagenomics, now routinely
available on a commercial basis, offer the possibility of rapidly
“deconstructing” collective genomes of bacteria and viruses. The
discovery of novel sequences that may be occasionally present could
give a clue as to their space origin, thus establishing consistency with
ongoing Panspermia.

In conclusion we emphasize that we present this proposal as a
potentially falsifiable proposition. It may at first sight appear
improbable, but the technology to disprove it exists, and in our view it
is our duty as scientists to deploy it to this end.
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