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The evolution of bacteria is di�erent from the evolution of other

organisms. While we get our genetic information solely from our

parents, bacteria can get part of theirs from other sources. In this

article, we describe one of these chimeric bacteria, Azotobacter

vinelandii, and explore how its dormant, seed-like form influenced

its evolution.

INTRODUCTION

Earth’s first living cell appeared nearly four billion years ago. We call
it LUCA, the last universal common ancestor. We do not know much
about LUCA, but every plant, every animal, and every one of us humans
evolved from LUCA. We know this thanks to studies done with special
proteins contained in the cells of LUCA’s descendants. Proteins are

PROTEINS

Large, complex
molecules that play
many critical roles in
the body. Proteins do
most of the work in
cells and are required
for the structure,
function, and
regulation of the body’s
tissues and organs.

indispensable for every living being, as they are the molecules that
do the things that keep everything alive. Every biological process
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Figure 1

Figure 1

Building phylogenetic
trees. (A) An example of
how phylogenetic trees
are constructed, using
five-letters words. In
this example, each
change of a letter
represents one unit of
distance, so any two
words that are just one
letter/step apart in the
tree are very similar,
while those that are
separated by more
letters/steps (like
“cejas” from “secas,”
which are nine steps
apart) are less related.
You can see that the
most recent common
ancestor of any two
words is where their
paths converge
(“mapas” in the case of
“cejas” and “secas”). (B)
A diagram of the tree of
life built using the
genetic sequence of
the ribosome, for
species belonging to
the three domains of
life: Bacteria, Archae
(that are also unicellular
microscopic
organisms), and
Eukarya (that include all
animals and plants).
Since all living
organisms are included
in this phylogenetic
tree it is called the
“universal tree of life”
(this figure is a
modification of a
diagram from Pace in
2009).

necessary for life, like respiration, digestion, or reproduction, involves
proteins in some way. And while many of these processes and
their corresponding proteins vary between organisms—for example,
the respiratory proteins of fishes are very di�erent from those of
elephants—some proteins are so important that everyone has to
produce them. One of these crucial functions for life is themechanism
used to produce proteins, which is carried out by a bunch of proteins
coupled with other molecules and collectively called the ribosome.
The ribosome is so crucial that it has not really changed much since
LUCA was around. Tracking the small changes in the DNA that make
the ribosome has allowed us to peek at the evolutionary history of
living organisms and follow their relationships.

THE UNIVERSAL TREE OF LIFE

Since all living organisms came from LUCA, and they all have
ribosomes, it is possible to construct “family trees” that show us

RIBOSOMES

Ribosomes are
complex structures
formed of proteins and
other molecules. These
molecular machines
are present in every cell
and are the site where
new proteins
are produced.

the relatedness of di�erent organisms by tracking the small changes
that have occurred in their ribosomes. In these family trees, which
are called phylogenies by scientists, every species is located at the
tips of the leaves, with the size of the branches between two tips
indicating how similar the organisms at the tips are to each other.
So, for example, the branches that separate cats, lions, and tigers are
smaller than the branch that separates these animals from whales.
Thus, in a mammals phylogeny all the felines form a tight group of
branches that forks at the base from the whales’ branch. You can
understand how a phylogeny is constructed using words, as describe
in Figure 1A. If we grow the size of a phylogenetic tree by adding every
known living being to it, we end up with the universal tree of life (UTL),
in which we can see the relationships between all of the living beings
[1] (Figure 1B).
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In the example shown in Figure 1A we use five letter words, but
you can imagine that, if you use larger words, you will be able
to measure greater distances. The full length of the gene for the
bacterial ribosome is around 1,500 “letters,” so the calculation of the
relationships between organisms using the ribosome is very sensitive
and thus all organisms can be included in the UTL.

The path formed from the bottom of the tree to the leaf tips represents
the evolutionary path that led to the species at that tip. The members
of that species, having followed that specific path, lost the capacity to
mate and have o�spring with members of other species that followed
di�erent evolutionary paths.

BACTERIA NOT ALWAYS INHERIT THEIR GENES FROM THEIR

PARENTS

Every species inherits its DNA, or genetic information, directly fromGENETIC

INFORMATION

The DNA in every
organism, in which the
information required to
make proteins and
other cellular
components is stored.
DNA is passed from
one generation to the
next
through inheritance.

its ancestors. Those ancestors got their DNA from the generation that
came before them, and so on, and so on, tracing the evolutionary
path backward until the tree is traced all the way back to LUCA.
Because the genetic information of each species is unique to that
species, it can only be shared with the members of that same species,
flowing from the parents to their o�spring. That is, unless we are
talking about bacteria. Bacterial species have the ability to share
parts of their genetic information with other bacterial species that
have not followed the same evolutionary paths; bacteria are able
to inherit DNA from other bacteria that are not in any way related
to them. This movement of genetic information is called horizontal
gene transfer (HGT), since the transfer of genetic information occursHORIZONTAL GENE

TRANSFER (HGT)

The process of
inheriting genetic
information from an
unrelated species. This
mechanism of
inheritance is not
common, since
organisms usually
inherit their genetic
information from their
parents that are
members of the same
species as
their o�spring.

horizontally, between bacteria of the same generation, instead of
vertically, between parents and o�spring.

Another interesting characteristic of bacteria is that some of them can
develop dormant forms that are similar to the seeds of plants. These
dormant forms can exist for a long timewithout reproducing (Figure 2).
The dormant forms are like an ancient reservoir of genetic information
that, in theory, could be harnessed by other organisms [2]. The genetic
information of the dormant forms is preserved for many years without
change and can be incorporated into other bacteria by HGT.

ARE BACTERIA ABLE TO FORMCHIMERAS?

To have a clearer picture of how dormant forms of bacteria could
a�ect bacterial evolution, let us imagine that dinosaurs could form
eggs that could remain in the environment for tens of millions of years.
In that case, once in a while we would bump into a baby dinosaur,
which would contain genes that are not present in any other organism
that is living today, and would coexist with modern animals. Let us
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Figure 2

Figure 2

The chimeric
bacterium Azotobacter

vinelandii has two
forms of reproduction:
its reproduction by cell
division takes 2h, while
dormant, seed-like
structures can be alive
without reproducing
for more than 10 years.
(A) A picture (taken
using a light
microscope) of
bacterial cells and the
dormant, seed-like
form. You can compare
the size and form of the
two types of cells: the
seed-like form is much
larger, while normal
bacterial cells are small
and dark. (B)
Azotobacter vinelandii

takes 2h to reproduce
by cell division. (C) The
dormant, seed-like
form of Azotobacter
can persist in dry
conditions for 10 years
or more. So,
Azotobacter vinelandii

“seeds” remain dormant
for 44,000 times longer
than it takes the cells to
reproduce by cell
division! It is possible
that the genetic
information in dormant
forms results in a
reservoir of genes that
can be incorporated
from distantly related
bacteria by HGT.

imagine further that these newly born dinosaurs could mate with
other animals. Then it would be possible to create chimeric animals,
which are animals that contain genetic information, and therefore the
physical parts, of di�erent species. In this scenario, a chimeric animal
with parts of birds, dinosaurs, and mammals could exist!

We imagined that the ability of bacteria to inherit DNA byHGT and their
capacity to stay dormant for long periods, will permit that bacterial
chimeras are formed, just as in the example of the baby dinosaur. ThisCHIMERA

Any mythical animal
formed from parts of
various animals. This
term is used in biology
to describe an
organism containing a
mixture of genetically
di�erent tissues. In this
article, we use this term
to describe bacteria
with genetic
information inherited
from di�erent
organisms, some of
which are not
their ancestors.

is the question that driven our research [2].

IN THE SEARCH OF A BACTERIAL CHIMERA: THE CASE OF

AZOTOBACTER VINELANDII

We were interested to find out whether the dormant forms of
bacteria could create chimeric bacteria, using their ability to transfer
genetic information through HGT. To see if this could happen, we
looked at the genome of Azotobacter vinelandii, which is a bacterium
that is able to form dormant forms called chists (Figure 2), and
is very closely related to another bacterium called Pseudomonas

aeruginosa [3]. It is a little bit of shock that these organisms are related,
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frankly, because these two species of bacteria are very di�erent
from each other! We investigated this interesting fact and found that
these organisms are related on the tree of life because nearly half
of Azotobacter vinelandii’s genetic information, including some of
the instructions for making ribosomes, is closely related to that of
Pseudomonas [4], while the rest of the information is used to make
the proteins that give Azotobacter its own special characteristics. As
if that was not enough, we also found that the genetic information
that did not come from Pseudomonas was inherited from di�erent
unrelated bacterial species [2]. In other words, the core of the genetic
information of Azotobacter vinelandii came from a shared ancestor of
Azotobacter and Pseudomonas, but during its particular evolutionary
path, Azotobacter acquired additional genetic information thatmade it
very di�erent from its “cousin” Pseudomonas, or to any other organism
really, because Azotobacter is a chimera.

HOWCOMMON ARE BACTERIAL CHIMERAS?

While it is di�cult to know if chimeric organisms are common, the
existence of Azotobacter is strong evidence that chimeras might not
be that rare. There are at least two other well-documented cases of
bacterial species that seem to have a core derived from a bacterial
group called Firmicutes and other pieces of genetic information
obtained from other organisms. These chimeras are bacteria called
Thematogales, organisms that acquired genes that allowed them to
live at high temperatures, and Fusobacterium nucleatum, a bacterium
found in dental plaque that acquired genes from neighboring bacteria.
Neither Thermatogales nor Fusobacterium nucleatum form dormant
seed-like structures, but the information that they acquired by HGT
might have come from an ancient bacteria that did have the capacity
to make dormant forms. We still do not know, but maybe someday
we will.
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