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Hypercycle: a network for self-replicating units, where the product of a given

reaction acts as a catalyst for the next in a cyclical manner. For example, in the

hypercycle of members A, B, and C, A catalyses B, B catalyses C, and C

catalyses A.

Genomic conflict: conflict in the fitness interests between genes in the same

genome.

Linkage disequilibrium: the nonrandom association of alleles at two or more

loci.

Modifier: a gene that evolved to oppose the effect of a selfish genetic element.

Selfish genetic element: genes that have the ability to promote their own

transmission at the expense of other (unlinked) genes in the same individual.

Silencing: the interference with the expression of transposable elements, often
The history of life has been characterised by evolutionary
transitions in individuality, the grouping together of
independently replicating units into new larger wholes:
genes to chromosomes, chromosomes in genomes, up
to three genomes in cells, and cells in multicellular
organisms that form groups and societies. Central to
understanding these transitions is to determine what
prevents selfish behaviour at lower levels from disrupt-
ing the functionality of higher levels. Here, I review work
on transposable elements, a common source of disrup-
tion at the genome level, in light of the evolutionary
transitions framework, and argue that the rapid influx of
data on transposons from whole-genome sequencing
has created a rich data source to incorporate into the
study of evolutionary transitions in individuality.

Conflict and cooperation across the hierarchy of life
Although the study of social evolution (see Glossary) has
long focussed on the baboon troop, the beehive, and, more
recently, that of social microbes, most cooperation occurs
within organisms [1–4]. Genes come together in chromo-
somes, which comprise genomes, and several genomes
coordinate efforts in the cells that comprise multicellular
organisms, which in turn often form tightly knitted social
groups [2,3,5,6]. The coming together of previously inde-
pendently reproducing units into new larger wholes is
what gives life its hierarchical organisation [2,5,7–9]. In-
spired by the research programme on major transitions in
evolution, the points at which one level of the hierarchy
becomes subsumed into another have become known as
evolutionary transitions in individuality (Box 1; Table 1).
The functionality of a given level in the hierarchy is
contingent on the suppression of conflict at lower levels
[3,5,7,10–12]. Therefore, under this view of life, the prob-
lem of evolution is to understand the mechanisms that
make cooperation thrive over conflict at a given level.
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Each transition in individuality can be divided into
three stages (Figure 1 [3]). First, social group formation
is the origin and spread of social behaviour in a population.
Second, social group maintenance concerns the processes
that enable the social group to persist in a stable way.
Third, social group transformation is the origin of a new
level of individuality. The origin of the genome from inde-
pendently replicating molecules was not only the first
transition, but the genome can also be said to be the
most fundamental level of cooperation. Whereas many
organisms thrive without the benefits of multicellularity
or eusociality, cooperation among genes occurs in all
organisms.

The idea that the same principles of social evolution
theory can be applied to all transitions in individuality has
been around for some time [2,3,5,13,14]. However, given
that most of these transitions occurred in the distant past,
empirical work has often been limited to the later transi-
tions. The origin and maintenance of cooperation among
individual organisms has perhaps received the most atten-
tion. Pioneering workers in the field concerned themselves
primarily with the social lives of animals [15]. Over the
past few years, many researchers have fruitfully applied
resulting in a reduction of the transposition rate to zero. Silencing is often

administrated by siRNAs.

Small interfering RNAs (siRNAs): short (20–25 bp) double-stranded RNA

molecules that interfere with the expression of certain genes with comple-

mentary nucleotide sequence. siRNAs have an important role in the silencing

of transposable elements.

Social evolution: the study of the evolution of social behaviour. Traditionally

restricted to animal societies, but its expanded version deals with all levels in

the hierarchy of life.

Transposable element: stretches of DNA that can move to new locations in the

genome, either through a ‘copy-and-paste’ mechanism via an RNA inter-

mediate (Class 1 retrotransposons) or via a cut-and-paste mechanism (Class 2

DNA transposons).
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Box 1. Major transitions in evolution and individuality

Not all major transitions in evolution are evolutionary transitions in

individuality. In their landmark publication, Maynard Smith and

Szathmá ry [5] presented eight major transitions (Table 1, main text).

In their opinion, what these events had in common was that they

changed how the evolutionary process itself operates. More

specifically, most of them share three features. First, following the

transitions, units that previously reproduced independently can now

only reproduce as part of a larger whole. Second, a division of

labour characterises the new units. Third, the transitions change the

language of information and the way in which information is stored

and transmitted. However, these features do not apply to all

transitions. For example, the evolution of the genetic code is a

good example of division of labour and a change in the language,

storage, and transmission of information, but does not involve the

coming together of previously independently reproducing entities.

For it to be useful to study transitions as a group, there is a need for

conceptual unity [2,87]. Without conceptual unity, they may as well

be grouped together under the heading ‘a list of interesting and

important events in the history of life’.

Focusing on transitions in individuality offers one route to such

unity. Evolutionary transitions in individuality share two main

themes [2,3]. To start, just like the first feature identified by Maynard

Smith and Szathmá ry, transitions involve the emergence of

cooperation among independent units leading to the formation of

a new higher-level unit. Second, crucial to the functioning of this

new unit, the transitions are associated with the evolution of

mechanisms to suppress conflict among lower-level units. This

approach typically removes the genetic code, sex, and language

from the list of transitions, but one may add interspecifc mutualisms

to the list.
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the same approaches to the study of interspecific mutual-
isms [16] and recent transitions from uni- to multicellular-
ity [17]. Pioneering theoretical work on the transition from
genes to genomes was done by Eigen and Schuster through
their work on the theory of hypercycles [18–20] to explain
the origin of networks of interacting genes. This approach
was later thoroughly extended by others using the con-
ceptual framework of major transitions (e.g., [2,5,21]).
Similarly, the empirical study of conflict and cooperation
among genes has a long history and stretches back over 100
years (see [22] for a historical overview). Again, although
these studies were not always interpreted within the
framework of social evolution, it has long been clear that
this can be done [3,5,23,24].

Empirical studies of evolutionary transitions

Recent years have seen a rapid influx of whole-genome
data thanks to advances in high-throughput sequencing
Table 1. The major transitions in evolution and individuality

Event 

From To

Replicating moleculesa Populations of molecules in compartments 

Independent replicatorsa Chromosomes 

RNA as gene and enzyme DNA + protein (genetic code) 

Prokaryotes Eukaryotes 

Asexual clones Sexual populations 

Protists Animals, plants, fungi (cell differentiation) 

Solitary individuals Colonies (nonreproductive castes) 

Primate societies Human societies (language) 

Independent species Interspecific mutualism 

aThese are sometimes grouped together as one transition.
(reference genomes are now available from over 160 eu-
karyotic and over 2200 bacterial species; http://www.ebi.
ac.uk/genomes/) and this has led to the suggestion that
the wide-reaching effects that genomic conflict may have
on genome evolution remain underappreciated [25]. A
particularly well-studied form of genomic conflict, and
one where understanding has benefited greatly from
whole-genome sequencing, is that between transposable
elements and the rest of the genome (see below; Figure 2).
Here, I review recent work on transposable elements in the
light of evolutionary transition theory and argue that
transposon data offer a rich empirical resource for the
study of the second stage in the evolutionary transition
in individuality, the maintenance of social groups. To that
end, I first discuss the biology of transposable elements and
theoretical underpinnings of mechanisms for social group
maintenance. I then argue that the study of transposons
may improve understanding of two fundamental questions
related to the maintenance of individuality. First, the
observed reduction in transposon abundance in highly
selfing and asexual lineages provides clues to the circum-
stances under which the fitness interests of lower and
higher levels may align. Second, improved understanding
of evolutionary and ecological processes that affect the
epigenetic control of transposon activity may help under-
stand what prevents selfish behaviour at a lower level from
disrupting functionality at higher levels. Finally, I suggest
that, although the concept of evolutionary transitions pro-
vides a useful framework to interpret transposable ele-
ment data, empirical insights from studies of transposons
may in turn help improve the conceptual framework itself.

The biology of transposable elements
The assumption that genomes function as integrative co-
operative units has a long tradition in biology [26,27].
However, conflict among genes not only is possible, but
is also a dominant feature in eukaryotic genomes [22,28].
Selfish genetic elements are genes that have the ability to
promote their own transmission at the expense of other
genes in the genome (the genome here being all the genetic
material of an organism) [29]. This results in conflict and
the spread of selfish genetic elements often leads to selec-
tion for modifiers, which are other genes in the same
genome that have evolved ways to counter this spread
[30,28].

Genomic conflicts are remarkably diverse [22,30–32].
Arguably the most successful form of selfish genetic
Major transition sensu [5] Evolutionary transition in individuality

Yes Yes

Yes Yes

Yes No

Yes Yes

Yes Maybe (see [3,86] for discussion)

Yes Yes

Yes Yes

Yes No

No Yes
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Figure 1. The three stages of an evolutionary transition in individuality [3], as applied to the origin of the genome. First, social group formation is the origin and spread of

social behaviour in a population. At the genome level, this involved the first cooperative gene-networks and the beginning division of labour among genes. Second, social

group maintenance are the processes that enable the social group to persist in a stable way. As explained in the main text, the stability of the genome is maintained through

self-regulation and policing. Third, social group transformation is the origin of a new level of individuality. This involves further division of labour, including but not limited

to, traits encoded by more than one gene, evolution of genes regulating expression of near (cis) and distant (trans) genes, as well as the evolution of chromosomes with

sex-specific functions. Modified, with permission, from [3].

Class 1 Class 2
Donor DNA

Transcrip�on

RNA intermediate

DNA intermediate

DNA intermediate

Integra�on

Integra�on

Reverse transrip�on

Donor DNA

Donor DNA

Excision

Transposable element

Target DNA Target DNATransposable element

Target DNA Target DNATransposable element

Donor DNA Donor DNATransposable element

TRENDS in Ecology & Evolution 

Figure 2. Transposable elements are typically divided into two classes depending on their method of self-replication [88]. Class 1 elements, sometimes known as

retrotransposons, apply a ‘copy-and-paste’ mechanism and produce an RNA intermediate that is then reverse-transcribed into DNA and integrated into a new location in the

genome. However, class 2 DNA elements replicate via a ‘cut-and-paste’ approach and the transposon is physically excised and integrated elsewhere in the genome. The

movement of transposons has been suggested to be deleterious for three reasons [89,90]: (i) new transposon insertions end up in or near genes [91]; (ii) ectopic

recombination between nonhomologous elements cause chromosomal rearrangements [92]; and/or (iii) metabolic costs imposed by the process of transposition itself [93].
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elements is transposable elements, which are mobile ge-
netic elements that can self-replicate and produce copies of
themselves that may insert elsewhere in the genome
(Figure 2). This movement is often associated with muta-
tional effects and, therefore, creates a conflict between
transposons and the rest of the genome [33]. Yet, transpo-
sons are the most common kind of genetic material [34] and
comprise >80% of the genomes in some species but are
92
almost absent in others [35]. Therefore, examing the evo-
lutionary forces that enable transposons to proliferate so
successfully in some species, but not in others, can provide
a window on an ongoing genomic conflict and its resolution.

Mechanisms of social group maintenance
Despite the potential for widespread conflict introduced by
transposons, the genome does not implode, which suggests
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that there is a force(s) holding the group together. All levels
of individuality are vulnerable to selection at lower levels
favouring selfish behaviour [2,3,5] and two routes to social
group maintenance have traditionally been considered
[36]. First, if the fitness interests of lower and higher levels
are aligned, self-restraint of selfish behaviour is expected
to evolve, because the only way to maximise fitness at one
level is to maximise it at the other level. Alternatively,
cooperation may be promoted by the active suppression of
conflict [37,38]. One such mechanism is the forcible pre-
vention of selfish behaviour through policing. Here, the
opportunity for cheating is removed and the only way to
maximise individual fitness is by maximising group fit-
ness. Policing can enforce cooperation by aligning the
fitness interest of interacting entities and so make the
group act as one cohesive functional unit. Below, I expand
on how these mechanisms may play out at the genome level
and discuss how recent studies on transposons suggest the
action of both self-restraint and policing in maintaining
cooperation in the genome.

Self-restraint in the genome
Both theoretical and empirical work suggests that the
mating system will have an important role in aligning
the fitness interest of genes with those of higher levels
of the organisation. Highly selfing or asexual species are
expected to experience a reduction in intragenomic conflict
for several reasons [39–42]. Considering the conflict be-
tween transposons and the rest of the genome, a particu-
larly important difference between selfing and asexual
lineages on the one hand and outcrossing lineages on
the other is the extent of linkage disequilibrium in the
genome. Linkage disequilibrium is the nonrandom associ-
ation of alleles at two or more loci (i.e., a measure of how
likely two genes are to be inherited together). This associ-
ation may favour cooperation among these genes. Thus, it
is conceptually analogous to an iterated prisoners dilemma
and, therefore, one may expect linked genes to show great-
er cooperation than unlinked ones [29,43,44]. The reduc-
tion of linkage disequilibrium in outcrossing genomes
means that the association between a given transposon
and any deleterious mutational effects that it may have is
more likely to be decoupled by recombination. Therefore,
the transposon can more easily spread in an outcrossing
population, compared with a selfing or asexual population,
where higher linkage disequilibrium leads to a stronger
association between transposons and their deleterious
effects. As a consequence, one may expect transposons
showing self-restraint to be more common in selfing com-
pared with outcrossing lineages [45].

Empirical support for the role of the mating system in
social group maintenance in the genome comes from a
variety of systems. First, few transposons are present in
the ancient asexual bdelloid rotifers, but common in their
sexual relatives [46]. Stronger evidence comes from species
that vary in their mode of reproduction. For example,
populations of the water flea Daphnia pulex can be either
cyclical parthogens (‘sexuals’), which during the growth
season reproduce asexually and then switch to sexual
reproduction in response to seasonal signals, or, alterna-
tively, completely asexual. Schaak et al. [47] compared the
abundance of transposons in sexual and asexual popula-
tions, finding that the sexuals harboured more transposons
than did the asexuals. Evidence that sex may promote the
spread of genomic conflict has also been obtained experi-
mentally. For example, when infected with a novel trans-
poson, rapid spread was observed in sexual but not asexual
strains of yeast [48]. Finally, the selfing plant Arabidopsis
thaliana has fewer transposons than its outcrossing rela-
tive Arabidopsis lyrata [49] and there is evidence suggest-
ing that this is due to the accumulation of transposons in
the outcrosser, rather than loss in the selfer [50].

Alternative strategies for transposons

The above argument assumes that transposons are dele-
terious and persist in genomes thanks to their selfish
behaviour. An alternative strategy for a transposon would
be to adopt the same approach that many other genes do,
that is to work with other genes to promote whole-organ-
ism-level fitness. Arguments that transposons may provide
adaptive benefits at the organism level have a long history
[33,51], and recent studies suggest that examples of trans-
poson-induced adaptations do exist, not only in bacteria,
but also in eukaryotes [52,53]. Thus, an important avenue
for future work should be to determine how common this is
[54]. However, the evidence to date is overwhelmingly in
support of the hypothesis that transposons are predomi-
nately associated with fitness costs, and that their main-
tenance in populations is due to their ability to transpose
despite these costs [55,56]. Thus, even if beneficial trans-
poson insertions occur, most insertions are likely to pose a
threat to the maintenance of genome integrity.

Policing the genome
The enforcement of cooperation through policing has long
been recognised as a likely important factor in driving
evolutionary transitions [10,37,57,58]. Although under-
standing of policing mechanisms has made great progress
through studies on whole organisms, in particular social
insects [59], the first articulation of the argument that
conflict suppression could promote cooperation was made
in reference to fair meiosis [60]. Furthermore, it has long
been recognised that several features of the genetic system
appear to be adaptations to reduce conflict among genes.
Examples of this include randomised segregation during
meiosis [24,61], enclosing genes in cells [5,62], organising
genes in chromosomes [5], and the uniparental inheritance
of organelle genomes [29]. Still, until recently, technical
limitations made the genome the most inaccessible of all
hierarchical levels at which to study cooperation empiri-
cally and understanding of the molecular mechanisms of
policing at the gene level remained limited.

Empirical examples of transposon policing

Over the past few years, improved understanding of polic-
ing of transposons has been instrumental in changing this
picture. It is now known that, in most genomes, most
transposons are not actively transposing at high rates,
because their mobility is downregulated through several
mechanisms [63]. Transposons are typically epigenetically
silenced by a variety of small interfering RNAs (siRNAs).
These siRNAs are then incorporated into a larger protein
93
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complex, which either destroy transposon transcripts or
target transposon sequences with chromatin modifications
or DNA methylation, thus preventing the transposon from
transposing [64].

The relation between transposons and their silencers
can be viewed as an example of antagonistic coevolution
between selfish genetic elements and their modifiers. This
arms race is often rapid and, therefore, different popula-
tions may fix for different sets of selfish genetic elements
and modifiers. As a consequence, when individuals from
different populations or species interbreed, the offspring
may suffer from increased levels of intragenomic conflict
due to a mismatch of inherited selfish genetic elements and
modifiers [65]. A good example of this is the experimental
cross between A. thaliana and Arabidopsis arenosa, which
results in elevated expression of ATHILA transposons in
the hybrid [66]. Similarly, crosses between two species
of Australian wallaby (Macropus eugenii and Wallabia
bicolor) led to a large increase in the size of centromeres
due to proliferation of retroelements [67]. Finally, because
of proliferation of the Ty3/gypsy retrotransposon, the
three Helianthus sunflower species H. anomalus, H. deser-
ticola, and H. paradoxus, all products of the same hybri-
disation even between Helianthus annuus and Helianthus
petiolaris, have genomes that are approximately 50% larg-
er than that of either parental species [68].

Efficiency of transposon policing

What may determine how efficient transposon policing is?
There is growing evidence that the policing of transposons
comes with a fitness cost, because the silencing of trans-
posons can also affect the expression of nearby genes [69].
Yet, at any given time and in most genomes, most trans-
posons are actively silenced [70]. Thus, the integrity of the
genome appears highly contingent on the efficacy of the
silencing system, and the ongoing maintenance of genomic
conflict may be driven in part by location-specific costs of
silencing. Furthermore, the ability of the immune system
to deal with antigens is weakened when the body is under
stress and the same seems to be true for control of trans-
posons. Examples of stresses that have been linked to
increased transposon expression include infections by bac-
teria and fungi, wounding, high and low temperatures, and
water availability [71,72]. Thus, changes in both the geno-
mic and external environment may result in the break-
down of transposon silencing. Taken together, these
observations of genomic consequences of silencing break-
down highlight the importance of policing to the mainte-
nance of genome integrity.

Social group maintenance in the genome
How much of a threat did transposons present to early
genomes? Although transposons occur primarily in (sexu-
ally reproducing) eukaryotic genomes, they are also found
in prokaryotic genomes. Furthermore, both self-regulation
[73] and policing [74] appear to have some role in regulat-
ing their activity. Durand and Michod [75] recently applied
empirical examples from studies of transposable elements
to Eigen and Schuster’s [18] theoretical models of hyper-
cycles of replicators to elucidate the early stages of the
formation of the genome as a social group. They argued
94
that the division of labour between genes influencing
viability and reproduction, respectively, was key to both
the formation and transformation of the genome as a level
of individuality. However, they also pointed out that to
understand the origin of the genome fully, one must also
understand what prevents conflict from arising among the
genes constituting the genome. That is, what governs the
maintenance of social groups at the genome level
(Figure 1)? The well-developed literature on evolutionary
transitions provides a solid conceptual framework to ad-
dress this question using the large amounts of genomic
data on transposable elements currently being generated.

Reciprocally, these new empirical observations may also
stimulate the further development of the current concep-
tual framework of transitions in individuality. Michod [76]
argued that the full decoupling of fitness from lower levels
is required before the evolution of a new level of individu-
ality is complete. Therefore, conflict at lower levels must be
(almost) completely suppressed; other authors have
reached similar conclusions [77]. Whereas self-fertilising
and asexual lineages are expected to experience less geno-
mic conflict, most multicellular organisms, including
plants, are outcrossing [78]. Thus, a given level in the
hierarchy can still function despite extensive conflict at
lower levels, consistent with the growing consensus that
the argument that complete transitions in individuality
require the total suppression of conflict at lower levels is
too stringent [6,79]. Moreover, the demonstrated impor-
tance of silencing of transposons in maintaining genome
unity suggests that policing, although having a minor role
in some transitions [38], may be more important than
previously anticipated in others. Thus, although the same
principles appear to operate at different levels in the
hierarchy, their relative importance may vary, and the
only way to test this will be to apply theoretical models to
new data [4].

The future of social evolution is in the genome
There is currently an emerging synthesis marrying social
evolution, the theoretical backbone of studies of evolution-
ary transitions, with genomics [12,80,81]. This synthesis
has two fruitful outcomes. First, it means that the genetic
architecture of social behaviour is no longer beyond reach
[82]. A second, perhaps less appreciated, outcome is that it,
for the first time, enables researchers to explore fully the
extent to which the theoretical framework of social evolu-
tion can be applied to the evolution of genome architecture.
As illustrated in this paper, the potential for this second
outcome is promising.

Now is a particularly good time to explore the second
outcome. In 1983, Stephen Jay Gould [83] asked: ‘How
much repetitive DNA is self-centered DNA? If the answer
is ‘‘way less than one percent’’ because conventional selec-
tion on bodies almost always overwhelms selection among
genes, then self-centred DNA is one more good and plausi-
ble idea scorned by nature. If the answer is ‘‘lots of it,’’ then
we need a fully articulated hierarchical theory of evolution’.
One need not embrace Gould’s particular version of a
hierarchical theory to recognise that, 30 years on, im-
proved understanding of genome architecture leads to a
resounding confirmation of the ‘‘lots of it’’ alternative [34].



Review Trends in Ecology & Evolution February 2014, Vol. 29, No. 2
In other words, there are almost endless amounts of data
that can be approached with the tool kit of social evolution.
As has been pointed out elsewhere [3], the application of
the ideas of social evolution to entities below that of the
individual is still restricted to a few enthusiasts (e.g.,
[4,12,23,84]).

Concluding remarks
Issues surrounding conflict and cooperation in a hierarchi-
cal setting and evolutionary transitions in individuality
can be organised around two questions: (i) under what
circumstances are the fitness interests of lower and higher
levels aligned?; and (ii) what prevents selfish behaviour at
a lower level from disrupting the functionality of higher
levels? Here, I have reviewed empirical evidence from
studies of transposable elements that can be interpreted
in the evolutionary transitions framework. Transposable
elements are just one example of genomic conflict; the
broader genomic conflict literature offers a gold mine of
data to further examine the social interactions that occur
within the genome. Comparisons between the organisation
of multicellular organisms and societies date back a long
time [85] and it is now time to take the final step and
integrate the genome, and the empirical resources of ge-
nomics, into the general theory of social evolution and the
study of evolutionary transitions in individuality.
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5 Maynard Smith, J. and Szathmáry, E. (1995) The Major Transitions in
Evolution, W.H. Freeman Spektrum

6 Okasha, S. (2006) Evolution and the Levels of Selection, Oxford
University Press

7 Buss, L.W. (1987) The Evolution of Individuality, Princeton University
Press

8 Calcott, B. and Sternelny, K., eds (2011) The Major Transitions in
Evolution Revisited, MIT Press

9 Bouchard, F. and Huneman, P., eds (2013) From Groups to
Individuals: Evolution and Emerging Individuality, MIT Press

10 Leigh, E.G. (1977) How does selection reconcile individual advantage
with the good of group. Proc. Natl. Acad. Sci. U.S.A. 74, 4542–
4546

11 Alexander, R.D. and Borgia, G. (1978) Group selection, altruism, and
levels of organization of life. Annu. Rev. Ecol. Syst. 9, 449–474

12 Foster, K.R. (2011) The sociobiology of molecular systems. Nat. Rev.
Genet. 12, 193–203

13 Leigh, E.G. (1991) Genes, bees and ecosystems: the evolution of
a common interest among individuals. Trends Ecol. Evol. 6,
257–262

14 Queller, D.C. (2000) Relatedness and the fraternal major transitions.
Philos. Trans. R. Soc. Lond. B: Biol. Sci. 355, 1647–1655
15 Gardner, A. and Foster, K.R. (2008) The evolution and ecology of
cooperation – history and concepts. In Ecology of Social Evolution
(Korb, J. and Heinze, J., eds), pp. 132–158, Springer

16 West, S.A. et al. (2007) Social semantics: altruism, cooperation,
mutualism, strong reciprocity and group selection. J. Evol. Biol. 20,
415–432

17 Grosberg, R.K. and Strathmann, R.R. (2007) The evolution of
multicellularity: a minor major transition? Annu. Rev. Ecol. Evol.
Syst. 38, 621–654

18 Eigen, M. and Schuster, P. (1977) The hypercycle. A principle of
natural self-organization. Part A: emergence of the hypercycle.
Naturwissenschaften 64, 541–565

19 Eigen, M. and Schuster, P. (1978) Hypercycle. A principle of natural
self-organization. Part B: abstract hypercycle. Naturwissenschaften 65,
7–41

20 Eigen, M. and Schuster, P. (1978) Hypercycle. A principle of natural
self-organization. Part C: realistic hypercycle. Naturwissenschaften 65,
341–369

21 Szathmary, E. (2006) The origin of replicators and reproducers. Philos.
Trans. R. Soc. Lond. B: Biol. Sci. 361, 1761–1776

22 Burt, A. and Trivers, R. (2006) Genes in Conflict: The Biology of
Selfish Genetic Elements, Belknap Press of Harvard University
Press

23 Haig, D. (1997) The social gene. In Behavioural Ecology: An
Evolutionary Approach (Krebs, J.R. and Davies, N.B., eds), pp. 284–
304, Blackwell

24 Ridley, M. (2001) The Cooperative Gene: How Mendel’s Demon Explains
the Evolution of Complex Beings, Free Press

25 Rice, W.R. (2013) Nothing in genetics makes sense except in the light of
genomic conflict. Annu. Rev. Ecol. Evol. Syst. 44, 6.1–6.21

26 Mayr, E. (1997) The objects of selection. Proc. Natl. Acad. Sci. U.S.A 94,
2091–2094

27 The ENCODE Project Consortium (2012) An integrated encyclopedia
of DNA elements in the human genome. Nature 489, 57–74

28 Hurst, L.D. et al. (1996) Genetic conflicts. Q. Rev. Biol. 71, 317–
364

29 Cosmides, L.M. and Tooby, J. (1981) Cytoplasmic inheritance and
intragenomic conflict. J. Theor. Biol. 89, 83–129

30 Werren, J.H. (2011) Selfish genetic elements, genetic conflict, and
evolutionary innovation. Proc. Natl. Acad. Sci. U.S.A. 108, 10863–
10870

31 Werren, J.H. et al. (1988) Selfish genetic elements. Trends Ecol. Evol. 3,
297–302

32 Hurst, G.D. and Werren, J.H. (2001) The role of selfish genetic
elements in eukaryotic evolution. Nat. Rev. Genet. 2, 597–606

33 Le Rouzic, A. and Deceliere, G. (2005) Models of the population genetics
of transposable elements. Genet. Res. 85, 171–181

34 Aziz, R.K. et al. (2010) Transposases are the most abundant, most
ubiquitous genes in nature. Nucleic Acids Res. 38, 4207–4217

35 Kidwell, M.G. (2002) Transposable elements and the evolution of
genome size in eukaryotes. Genetica 115, 49–63

36 West, S.A. et al. (2007) Evolutionary explanations for cooperation.
Curr. Biol. 17, R661–R672

37 Frank, S.A. (2003) Perspective: repression of competition and the
evolution of cooperation. Evolution 57, 693–705

38 El Mouden, C. et al. (2010) The enforcement of cooperation by policing.
Evolution 64, 2139–2152

39 Hickey, D.A. (1982) Selfish DNA: a sexually-transmitted nuclear
parasite. Genetics 101, 519–531

40 Nuzhdin, S.V. and Petrov, D.A. (2003) Transposable elements in clonal
lineages: lethal hangover from sex. Biol. J. Linn. Soc. 79, 33–41

41 Wright, S.I. and Schoen, D.J. (1999) Transposon dynamics and the
breeding system. Genetica 107, 139–148

42 Morgan, M.T. (2001) Transposable element number in mixed mating
populations. Genet. Res. 77, 261–275

43 Haig, D. (2003) On intrapersonal reciprocity. Evol. Hum. Behav. 24,
418–425

44 Brown, S.P. and Levin, D.A. (2011) Social dilemmas among
supergenes: intragenomic sexual conflict and a selfing solution in
Oenothera. Evolution 65, 3360–3367

45 Charlesworth, B. and Langley, C.H. (1986) The evolution of self-
regulated transposition of transposable elements. Genetics 112, 359–
383
95

http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0425
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0425
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0010
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0010
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0015
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0015
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0020
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0020
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0020
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0025
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0025
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0030
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0030
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0035
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0035
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0040
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0040
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0045
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0045
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0050
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0050
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0050
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0055
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0055
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0060
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0060
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0065
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0065
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0065
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0070
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0070
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0075
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0075
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0075
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0080
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0080
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0080
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0085
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0085
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0085
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0090
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0090
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0090
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0095
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0095
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0095
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0100
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0100
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0100
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0105
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0105
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0110
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0110
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0110
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0115
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0115
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0115
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0120
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0120
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0125
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0125
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0130
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0130
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0135
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0135
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0140
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0140
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0145
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0145
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0150
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0150
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0150
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0155
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0155
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0160
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0160
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0165
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0165
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0170
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0170
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0175
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0175
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0180
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0180
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0185
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0185
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0190
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0190
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0195
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0195
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0200
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0200
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0205
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0205
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0210
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0210
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0215
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0215
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0220
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0220
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0220
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0225
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0225
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0225


Review Trends in Ecology & Evolution February 2014, Vol. 29, No. 2
46 Arkhipova, I. and Meselson, M. (2000) Transposable elements in sexual
and ancient asexual taxa. Proc. Natl. Acad. Sci. U.S.A. 97, 14473–
14477

47 Schaack, S. et al. (2010) DNA transposons and the role of
recombination in mutation accumulation in Daphnia pulex. Genome
Biol. 11, R46

48 Zeyl, C. et al. (1996) Sex and the spread of retrotransposon Ty3 in
experimental populations of Saccharomyces cerevisiae. Genetics 143,
1567–1577

49 Hu, T.T. et al. (2011) The Arabidopsis lyrata genome sequence and the
basis of rapid genome size change. Nat. Genet. 43, 476–481

50 Slotte, T. et al. (2013) The Capsella rubella genome and the genomic
consequences of rapid mating system evolution. Nat. Genet. 45, 831–
835

51 Biemont, C. (2010) A brief history of the status of transposable
elements: from junk DNA to major players in evolution. Genetics
186, 1085–1093

52 Gonzalez, J. and Petrov, D.A. (2009) The adaptive role of transposable
elements in the Drosophila genome. Gene 448, 124–133

53 Lisch, D. (2013) How important are transposons for plant evolution?
Nat. Rev. Genet. 14, 49–61

54 de Souza, F.S.J. et al. (2013) Exaptation of transposable elements into
novel cis-regulatory elements: is the evidence always strong? Mol. Biol.
Evol. 30, 1239–1251

55 O’Donnell, K.A. and Burns, K.H. (2010) Mobilizing diversity:
transposable element insertions in genetic variation and disease.
Mobile DNA 1, 21

56 Kidwell, M.G. and Lisch, D.R. (2001) Perspective: transposable
elements, parasitic DNA, and genome evolution. Evolution 55, 1–24

57 Alexander, R.D. (1987) The Biology of Moral Systems, Aldine
Transaction

58 Ratnieks, F.L.W. and Helantera, H. (2009) The evolution of extreme
altruism and inequality in insect societies. Philos. Trans. R. Soc. Lond.
B: Biol. Sci. 364, 3169–3179

59 Ratnieks, F.L.W. et al. (2006) Conflict resolution in insect societies.
Ann. Rev. Entomol. 51, 581–608

60 Leigh, E.G. (1971) Adaptation and Diversity: Natural history and the
Mathematics of Evolution, W. H. Freeman

61 Haig, D. and Grafen, A. (1991) Genetic scrambling as a defence against
meiotic drive. J. Theor. Biol. 153, 531–558

62 Michod, R.E. (1983) Population biology of the 1st replicators: on the
origin of the genotype, phenotype and organism. Am. Zool. 23, 5–14

63 Slotkin, R.K. and Martienssen, R. (2007) Transposable elements and
the epigenetic regulation of the genome. Nat. Rev. Genet. 8, 272–285

64 Malone, C.D. and Hannon, G.J. (2009) Small RNAs as guardians of the
genome. Cell 136, 656–668

65 Johnson, N.A. (2010) Hybrid incompatibility genes: remnants of a
genomic battlefield? Trends Genet. 26, 317–325

66 Josefsson, C. et al. (2006) Parent-dependent loss of gene silencing
during interspecies hybridization. Curr. Biol. 16, 1322–1328

67 O’Neill, R.J. et al. (1998) Undermethylation associated with
retroelement activation and chromosome remodelling in an
interspecific mammalian hybrid. Nature 393, 68–72

68 Ungerer, M.C. et al. (2006) Genome expansion in three hybrid
sunflower species is associated with retrotransposon proliferation.
Curr. Biol. 16, R872–R873

69 Hollister, J.D. et al. (2011) Transposable elements and small RNAs
contribute to gene expression divergence between Arabidopsis
96
thaliana and Arabidopsis lyrata. Proc. Natl. Acad. Sci. U.S.A. 108,
2322–2327

70 Lister, R. et al. (2008) Highly integrated single-base resolution maps of
the epigenome in Arabidopsis. Cell 133, 523–536

71 Grandbastien, M. et al. (2005) Stress activation and genomic impact of
Tnt1 retrotransposons in Solanaceae. Cytogenet. Genome Res. 110,
229–241

72 Hashida, S.N. et al. (2006) The temperature-dependent change in
methylation of the Antirrhinum transposon Tam3 is controlled by
the activity of its transposase. Plant Cell 18, 104–118

73 Reznikoff, W.S. (2008) Transposon Tn5. Annu. Rev. Genet. 42, 269–286
74 Casadesus, J. and Low, D. (2006) Epigenetic gene regulation in the

bacterial world. Microbiol. Mol. Biol. Rev. 70, 830–856
75 Durand, P.M. and Michod, R.E. (2010) Genomics in the light of

evolutionary transitions. Evolution 64, 1533–1540
76 Michod, R.E. (2005) On the transfer of fitness from the cell to the

multicellular organism. Biol. Philos. 20, 967–987
77 Gardner, A. and Grafen, A. (2009) Capturing the superorganism: a

formal theory of group adaptation. J. Evol. Biol. 22, 659–671
78 Igic, B. and Kohn, J.R. (2006) The distribution of plant mating systems:

study bias against obligately outcrossing species. Evolution 60, 1098–
1103

79 Gardner, A. (2013) Adaptation of individuals and groups. In From
Groups to Individuals: Evolution and Emerging Individuality
(Bouchard, F.D.R. and Huneman, P., eds), pp. 99–116, MIT Press

80 Van Dyken, J.D. and Wade, M.J. (2012) Detecting the molecular
signature of social conflict: theory and a test with bacterial quorum
sensing genes. Am. Nat. 179, 436–450

81 Robinson, G.E. et al. (2005) Sociogenomics: social life in molecular
terms. Nat. Rev. Genet. 6, 257–270

82 Robinson, G.E. et al. (2008) Genes and social behavior. Science 322,
896–900

83 Gould, S.J. (1983) Hen’s Teeth and Horse’s Toes, Norton
84 Gardner, A. and Welch, J.J. (2011) A formal theory of the selfish gene.

J. Evol. Biol. 24, 1801–1813
85 Wheeler, W.M. (1911) The ant colony as an organism. J. Morphol. 22,

307–325
86 McShea, D.W. and Simpson, C. (2011) The miscellaneous transitions in

evolution. In The Major Transitions Revisited (Calcott, B. and Sterelny,
K., eds), pp. 99–106, MIT Press

87 Michod, R.E. (2011) Evolutionary transitions in individuality:
multicellularity and sex. In The Major Transitions Revisited
(Calcott, B. and Sterelny, K., eds), pp. 169–197, MIT Press

88 Wicker, T. et al. (2007) A unified classification system for eukaryotic
transposable elements. Nat. Rev. Genet. 8, 973–982

89 Dolgin, E.S. and Charlesworth, B. (2008) The effects of recombination
rate on the distribution and abundance of transposable elements.
Genetics 178, 2169–2177

90 Blumenstiel, J.P. (2011) Evolutionary dynamics of transposable
elements in a small RNA world. Trends Genet. 27, 23–31

91 Finnegan, D.J. (1992) Transposable elements. Curr. Opin. Genet. Dev.
2, 861–867

92 Montgomery, E. et al. (1987) A test for the role of natural selection in
the stabilization of transposable element copy number in a population
of Drosophila melanogaster. Genet. Res. 49, 31–41

93 Brookfield, J.F.Y. (1991) Models of repression of transposition in P-M
hybrid dysgenesis by P-cytotype and by zygotically encoded repressor
proteins. Genetics 128, 471–486

http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0230
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0230
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0230
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0235
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0235
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0235
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0240
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0240
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0240
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0245
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0245
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0250
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0250
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0250
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0255
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0255
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0255
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0260
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0260
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0265
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0265
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0270
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0270
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0270
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0275
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0275
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0275
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0280
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0280
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0285
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0285
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0290
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0290
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0290
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0295
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0295
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0300
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0300
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0305
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0305
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0310
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0310
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0315
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0315
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0320
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0320
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0325
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0325
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0330
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0330
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0335
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0335
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0335
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0340
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0340
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0340
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0345
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0345
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0345
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0345
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0350
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0350
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0355
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0355
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0355
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0360
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0360
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0360
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0365
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0370
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0370
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0375
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0375
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0385
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0385
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0390
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0390
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0395
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0395
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0395
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0400
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0400
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0400
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0405
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0405
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0405
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0410
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0410
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0415
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0415
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0420
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0425
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0425
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0430
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0430
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0440
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0440
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0440
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0435
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0435
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0435
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0445
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0445
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0450
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0450
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0450
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0455
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0455
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0460
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0460
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0465
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0465
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0465
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0470
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0470
http://refhub.elsevier.com/S0169-5347(13)00256-5/sbref0470

	Evolutionary transitions in individuality: insights from transposable elements
	Conflict and cooperation across the hierarchy of life
	Empirical studies of evolutionary transitions

	The biology of transposable elements
	Mechanisms of social group maintenance
	Self-restraint in the genome
	Alternative strategies for transposons

	Policing the genome
	Empirical examples of transposon policing
	Efficiency of transposon policing

	Social group maintenance in the genome
	The future of social evolution is in the genome
	Concluding remarks
	Acknowledgements
	References


