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ABSTRACT 
The more we discover about ancient biology, the more fascinated we are. An example of that is 
what made us human. Besides the three previously reviewed surprises (NOTCH2NL genes, 
spurious transcription and nucleic-acid methylation), mobile genetic elements (MGE) were also 
involved in the evolution from first hominids to modern humans. The most relevant MGE are 
transposable elements (TE) or transposons. They are parasites that can cause pathologies and 
even death, so we fight them. But that is a difficult task, since they hide inside our genome, 
becoming part of us. Surprisingly, some of them become beneficial eventually. That way, the 
placenta was generated and our immune system was enhanced. Even more relevant is their 
implication in making us human. Yet, their deregulation may be involved in diseases, including 
neurodegenerative ones and cancer. They are so powerful that are being used to build a genome 
engineering toolbox in applied biology, which should allow to treat diseases like cancer. 
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RESUMEN 

Cuanto más descubrimos sobre la biología antigua, más nos fascina. Un ejemplo de ello es lo 
que nos hizo humanos. Además de las tres sorpresas reseñadas anteriormente (genes 
NOTCH2NL, transcripción espuria y metilación de ácidos nucleicos), los elementos genéticos 
móviles (EGM) también intervinieron en la evolución desde los primeros homínidos hasta los 
humanos modernos. Los EGM más relevantes son los elementos transponibles (ET) o 
transposones. Son parásitos que pueden causar patologías e incluso la muerte, por lo que 
luchamos contra ellos. Pero es una tarea difícil, ya que se esconden dentro de nuestro genoma, 
formando parte de nosotros. Sorprendentemente, algunos de ellos acaban siendo beneficiosos. 
Así se generó la placenta y se mejoró nuestro sistema inmunitario. Aún más relevante es su 
implicación en hacernos humanos. Sin embargo, su desregulación puede estar implicada en 
enfermedades, incluidas las neurodegenerativas y el cáncer. Son tan potentes que se están 
utilizando para construir una caja de herramientas de ingeniería genómica en biología aplicada, 
que debería permitir tratar enfermedades como el cáncer. 

Palabras clave: Retrotransposones retrovirus adicciones estrés dieta epigenética adaptación evolución. 
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1. Introduction  

Human evolution is a fascinating topic. It was exciting when archaeology was 

considered a social discipline. And it is even more provocative now that it is also a 

science topic. That has been accomplished thanks to the marriage between classical 

archaeology and modern molecular biology, as we have previously described (Dorado 

et al, 2007-2023). Such interaction has allowed to decipher previously intractable topics 

(Dorado et al, 2007). One of them is the molecular basis of the transition from first 

hominids to modern humans. In other words, what made us human. Interestingly, and 

perhaps as expected, there was not a single biological factor, but several, involved in 

such formidable evolution. They include the ones that we have previously reviewed as: 

i) duplication, repair and conversion of Notch Homolog 2 (NOTCH2) genes into Notch 

Homolog 2 N-terminal-Like (NOTCH2NL) ones (Dorado et al, 2018); ii) pervasive or 

spurious transcription into non-coding RNA, that later on acquired functionality (Dorado 

et al, 2020); and iii) nucleic-acid methylation (Dorado et al, 2022). Likewise, iv) mobile 

genetic elements (MGE), as reviewed in this work. Among other changes, they 

generated an increase in brain volume in general, and its cortex in particular, allowing 

the development of human-specific features that set us apart from other (irrational) 

animals. 

Mobile genetic elements include different types, like transposable elements (TE) or 

transposons. They were discovered by Barbara McClintock in maize (Zea mays) in 

1948 (Fig. 1). They are extremely abundant in eukaryotes, mainly in animals and plants. 

Thus, retrotransposons account for 45% to 48% of mammalian genomes, as well as 

48% to 85% of plant genomes. As a consequence, they increase the intrinsic 

background “noise” of eukaryotic genomes (Palazzo and Koonin, 2020). Additionally, 

MGE carry out significant genetic horizontal transfers in the gut microbiome (Sheahan 

et al, 2024). That can be accomplished by conjugation or phage transduction. Such 

genetic interchanges may have opposite consequences: i) enhance our health with new 

metabolic capabilities; or ii) cause negative effects. Significant examples of them are 

bile-salt detoxification by commensal microbes, as well as antibiotic resistance of 

pathogenic ones, respectively (Jiang et al, 2019). 



Revista ARCHAEOBIOS Nº 19, Vol. 1. Diciembre 2024                            ISSN 1996-5214 

ARCHAEOBIOS (2024)                                                      www.arqueobios.org 

72 

 
Figure 1. Discovery of transposons. Genetic mobile elements were discovered by Barbara McClintock 
in maize. © 2020 Association of Medical Illustrators. The Life of Barbara McClintock and Her Jumping 
Gene <https://meetingarchive.ami.org/2020/project/the-life-of-barbara-mcclintock-and-her-jumping-
gene>. 

2. Classification of mobile genetic elements 

Ancestral mobile genetic elements have generated an amazing variety. They include 

plasmids, transposons, Clustered Regularly-Interspaced Short Palindromic Repeats 

(CRISPR; Dorado et al, 2017), Genomic Islands (GEI or GI), integrons, introns, 

Insertion Sequences (IS) with introns (IStrons), viral agents and inteins. The most 

relevant are transposable elements. They are extremely diverse, due to their high 

mutation rate, abundance and different replication mechanisms. Besides, there are 

hybrid TE, which can be complex. TE are classified taking into account their 

transposition mechanisms, sequence similarities and structural relationships. There are 

two main classes based on the nature of its nucleic acid: Class 1 (retrotransposons, 

which transpose via an RNA intermediate) and Class 2 (DNA transposons). 

Interestingly, bacterial TE are mainly IS, corresponding to class 2, Both phylogenetic 

and bioinformatics tools have been used to classify and display them in 2D and 3D 

graphs (Wicker et al, 2007; Arkhipova, 2017, Pappalardo et al, 2021; Camargo et al, 
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2024), as shown below (Fig. 2). Databases of repetitive DNA have also been published, 

like Repbase <https://www.girinst.org/repbase> (Kapitonov and Jurka (2008). 

 

Figure 2. Transposable elements. 2D (a and c) and 3D (b) representations of TE. Such classification 
is based on their replication, integration and structural components. © The author, in BioMed Central 
(Arkhipova, 2017). 

3. Mobile genetic elements arise as parasites: arms race with hosts 

Mobile genetic elements originally arose as molecular parasites, eliciting defense 

mechanisms from hosts. That can be graphically represented, taking into account 

mobility and selfishness (Koonin et al, 2020), as shown below (Fig. 3). 
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Figure 3. Mobile genetic elements and defense systems. The diagram shows the inextricable and 
interesting connection between MGE and host anti-MGE systems. © 2020 Springer Nature Switzerland 
(Koonin et al, 2020). 

Indeed, the human genome contains remnants of ancient retroviruses, proof of the war 

that we fought (and continue to fight) against them. As an interesting example, it has 

been found that some ancient retroviral infections are responsible for pathogenic 

burdens linked to addictions. It is thought that only one of them is still replicating: HERV-

K HML2 (HK2), showing different variants in different humans. The rationale explaining 

such effect is that one of such variants is integrated near a gene related to brain 

dopaminergic activity. Curiously, such variant is more frequent in drug addicts, being 

associated with such addictions (Karamitros et al, 2018). Likewise, MGE can produce 

mutations and may be involved in pathologies like cancer, autoimmune disorders and 

infectious diseases (Ferrari et al, 2021). 

4. Some mobile genetic elements may have positive effects eventually 

Some parasites are strict and always remain like that. Yet, that is not the best 

evolutionary approach. Indeed, lethal or too-aggressive parasites may kill hosts, which 
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may eventually lead to the parasite extinction. That is why such behavior may evolve 

into less-aggressive or non-lethal parasitism; with the possibility to further evolving 

even into symbiosis. That represents an Evolutionarily Stable Strategy (ESS), as 

previously described (Smith, 1972). Indeed, some MGE evolve that way, contributing 

to reshape genomes and the evolution of their hosts. This way, they may generate 

useful features and capabilities for the latter. 

In these scenarios, it is interesting to note that mammals are classified as: i) 

monotremes (echidnas and platypus), which lay eggs; ii) marsupials (like kangaroos); 

and iii) placentals (like humans), which have developed placenta. That has significant 

implications. In the absence of placenta, the embryo must be protected with an 

eggshell. Otherwise, it would be destroyed by the immune system of the mother, since 

its proteins would be recognized as being from a different organism, much as happens 

with infections. But in such situation, the embryo growth is limited by the nutrients inside 

such container. Species laying eggs can be nidicolous (remaining in the nest to 

complete development) or nidifugous (leaving the nest shortly after hatching). A further 

evolution in mammals involves giving birth to offsprings at a very early stage of 

development. In such a case, they must attach to a teat (which in some species is 

inside a pouch called marsupium) to nourish from its milk. A much more elaborated 

system in mammals is the development of the placenta (Fig. 4). 
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Figure 4. Human placenta. Fetus at week eight of development, showing the placenta and other 
structures from the embryo and mother. © 2019 Dennis M DePace, Wikimedia Commons 
<http://commons.wikimedia.org> and Creative Commons <http://creativecommons.org>. 

The placenta attaches to the uterus of the mother, protecting the embryo. That way, it 

can remain inside and nourish from the mother for a much longer period. That allows 

to give birth much more developed offsprings, increasing their survival odds. Indeed, 

the placenta is a tissue like no other, working as an amazing gatekeeper. Thus, it must: 

i) protect the embryo from the immune system of the mother (that otherwise would kill 

it); ii) allow oxygen, antibodies and nutrients from the mother to pass through; and iii) 

allow carbon dioxide and waste from the embryo to get out. That may seem impossible, 

but surprisingly enough, such feat was accomplished by an infection of an ancient 

retrovirus. 

Retroviruses have genomes made of RNA, which encode reverse transcriptase or 

retrotranscriptase enzymes. After invading the host cell, such enzymes retrotranscribe 

the virus RNA into DNA. Then, they use integrase enzymes to integrate into the 

genome (DNA) of the host cell. The virus is then considered a provirus, being 
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camouflaged as part of the host genome. One of such viruses is the human 

immunodeficiency virus (HIV). 

And now is when the story of the origin of the mammalian placenta becomes surprising. 

One of such viruses infected an egg-laying vertebrate female ~200 million years ago. 

By chance, such virus infected an egg cell, which luckily was fertilized by a 

spermatozoon. Therefore, the offspring generated had copies of such virus in all its 

cells. Fortunately, such infection did not kill the offspring or the mother then. 

A this point, it is interesting to note that viruses usually fuse with molecules to infect 

cells. In this fascinating story, the virus produced a protein (syncytin) that allowed the 

embryo to fuse cells, generating a syncytium or symplasm. It mediates the placental 

cytotrophoblast fusion, and thus allows the placental morphogenesis. Thus, the fetus 

makes a sac filled with amniotic fluid, which becomes thick on one side (the placenta) 

and attaches to the womb. The outermost layer of the placenta is a layer of cells that 

have fused together, as previously described, forming a special housekeeper wall that 

prevents the blood streams of mother and offspring to mix (syncytiotrophoblast), being 

in contact with the uterus. That is a remarkable accomplishment, since the placenta 

can do what no other tissue is capable: i) connects the mother with the offspring for 

some functions required for the fetus growth; but at the same time ii) keeps them as 

two independent and separate immune systems, so that they do not destroy each other 

(Mi et al, 2000, Mitra, 2020). 

Additionally, MGE may also enhanced the immune system of their hosts, as shown in 

the example below for protection against HIV infections (Fig. 5). That involves: a) 

expression of human Endogenous-RetroViruses (hERV) mRNA, which can hybridize 

with HIV RNA. Such double-stranded RNA (dsRNA) cannot be translated into proteins. 

Besides, they are identified as pathogen-associated molecular patterns (PAMP), 

triggering cellular defenses; b) interaction of hERV proteins with the ones of HIV, 

interfering their assembly and release; and c) binding of hERV proteins to HIV cellular 

receptors, preventing external HIV binding and entry. Interestingly, HIV infections can 

trigger hERV upregulation, further maintaining and enhancing such protective effects 

of the host immune system (Grandi and Tramontano, 2018). 
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Figure 5. Enhancements of immune system by ancient human endogenous-retroviruses. The 
protective effects of hERV (red lines) are shown by the impairment of HIV infection. a) generation of 
dsRNA; b) interaction with HIV proteins; and c) binding to HIV cellular receptors. © The authors, in 
Frontiers Media (Grandi and Tramontano, 2018). 

Most significantly, MGE participated in the development of the mammalian nervous 

system in general, and primate brain in particular (Fig. 6), contributing to making us 

humans. That includes: i) non-coding RNA derived from TE; ii) proteins generated from 

retrotransposons; iii) RNA-regulatory sites produced by exonization of TE, modulating 

mRNA stability and translation; iv) enhancers originating from RE, providing Tissue 

Factor (TF) binding sites, further modifying transcription of brain genes; and v) 3D 

genome organizers, modulating expression of brain-specific genes (Ferrari et al, 2021). 
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Figure 6. Retrotransposon involvement in brain evolution. Five types of regulatory element (RE) 
exaptation are shown (clockwise, from top left side): i) non-coding RNA generated from TE; ii) 
retrotransposon proteins; iii) exonization of TE, generating RNA-regulatory sites; iv) enhancers produced 
from RE; and v) 3D genome organizers. © The authors, in MDPI (Ferrari et al, 2021). 

5. Concluding remarks and future prospects 

MGE are involved in transcriptional and posttranscriptional control of gene expression, 

including chromatin organization. Thus, they modulate genome dynamics, interaction 

with the environment, adaptation and evolution. Not surprisingly, there is a correlation 

between their activity and environmental factors like stress and diet. That may be 

accomplished by epigenetic changes, including histone modifications, nucleic-acid 

methylations (Dorado et al, 2022) and transcription of non-coding RNA (Dorado et al, 

2020). That way, TE may remain active by transposition and propagation into different 

genome places, thus evading silencing mechanisms by the host. Such activity is initially 

pathogenic, generating higher mutation rate and diseases in the host. But the higher 

genetic diversity produced may become beneficial in some instances, including 

regulatory innovations, allowing natural selection to act on it (Pappalardo et al, 2021).  

In summary, we were and are at war with MGE. At the beginning of the infection, they 

are detrimental and even kill us, but some of them remain in our genomes and, although 
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originally they are harmful, eventually some of them became advantageous. So, in 

some way, we domesticated some MGE, but such MEG also domesticated us. Part of 

us became MGE, and part of MGE became human, both behaving as symbionts. While 

the arms race between hosts and TE continue as a never-ending fight with some MGE, 

they have been proposed to build a genome engineering toolbox, to empower applied 

biology, and treat diseases like cancer. That way, we can take even more advantage 

of them (Zhang et al, 2024). 
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