Protoplasma (2023) 260:1469-1471
https://doi.org/10.1007/500709-023-01902-1

EDITORIAL

Missing links exploring transitions
Peter Nick'

Published online: 17 October 2023
© The Author(s) 2023

Life is change, but the results of this change often appear as
discrete states, not revealing the transitions between them.
These can often only be inferred, not observed. This limita-
tion holds true for the compartments of a cell that appear
as organelles of defined and constant shape, but also for
the development of individual organisms, as well as for
the transformation of species. The missing of the links is,
therefore, a central problem of any theory that is considering
transformations. Darwin’s friend and mentor, the geologist
Charles Lyell, introduced the concept of missing links to
explain gaps in the geological record, but soon adopted it to
problems of biological evolution, for instance in the transi-
tion between apes and humans (Lyell 1863). The discovery
of the famous Archeopteryx in Solnhofen 1861 was gener-
ally seen as a breakthrough for Darwin’s theory of continu-
ous change, because it showed both ancestral reptile and
modern bird traits and, thus, almost perfectly illustrated the
concept of a missing link. As spectacular as such finds may
be, they can easily trap our conceptual thinking, because
we are tempted to align such transitional forms along a lin-
ear and steady path, leading from one state to the other. A
closer look often uncovers other transitional forms that are
similar, but combine ancestral and prospective traits in a
slightly different manner and, therefore, are usually not eas-
ily integrated into a linear path. It rather seems that transi-
tions are more appropriately conceived as a reticulate zone,
where many dead ends obscure the paths bridging the states,
and where each transition defined as “the” missing link rep-
resents a different and individual manifestation of old and
new. The more fundamental the transition, the more likely
we will never find “the” missing link, but instead an entire
cloud of them that represent different variations of the same
theme, but are obviously occurring as parallel and not as
consecutive states.
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The contribution by Holzinger et al. (2023) has to be read
in the context of a crucial step in evolution—the transition
to a terrestrial lifestyle. The methodological advances in
genomics over the last decade have allowed us to leave the
narrow realm of the canonical model organisms and address
more remote life forms. It has become clear now that this
transition was not a single event, but that different algal taxa
have, to different degrees, managed to cope with the harsh
conditions of terrestrial habitats (for review see de Vries
and Archibald 2018). Interestingly, the step on land was not
launched from the sea, but from freshwater. The progress in
phylogenomics, as insightful as it has been, remains incom-
plete, if not accompanied by investigations on the cellular
physiology of those organisms that dwell at the transition
from water to land. This is exactly the topic addressed in
this study on Trentepohlia, a genus belonging to the Ulvo-
phyceae, a group of green algae. In contrast to its marine
counterparts, such as the Sea Lettuce (Ulva lactuca), Trente-
pohlia has conquered very harsh terrestrial habitats, leading
to the question, by what mechanisms it is able to do so. The
authors have collected three taxa, from rock and tree bark,
and classified them with fluorescent dyes for components of
the cell wall and the membrane system. Since their physiol-
ogy seemed untouched by their challenging environment,
they were exposed to severe desiccation stress followed by
re-hydration, monitoring parameters of photosynthetic activ-
ity. All three species could recover photosynthesis, two of
them even to a level as if there had been no stress at all.
All species are conspicuously coloured, due to an extremely
high content of carotenoids. The impressive stress resilience
was linked to a high content of sugar alcohols, such as man-
nitol, arabitol, or erythritol. This metabolic trait correlated
with the ability for photosynthetic recovery, congruent with
previous studies, where these sugar alcohols were shown to
act as compatible solutes in microalgae (Gustavs et al. 2010).
The recovery after stress was not caused by the rapid prolif-
eration of few surviving cells, but by their persistently high
viability even during the osmotic challenge. This conclusion
can be drawn from stains with the fluorochrome Auramine
O, a vitality marker suited to address the stress tolerance
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of green algae in general (Trumhova et al. 2019). Interest-
ingly, the three species differ in the degree to which they
have conquered the transition to the harsh conditions of their
new habitat, boosting protective metabolic activities, such as
carotenoid synthesis and the accumulation of sugar alcohols.
These metabolic activities are present in all green algae. In
other words, nature did not need to invent a novel break-
through innovation to expand to solid land but just drew on
pre-existing traits by amplifying and de-regulating them. A
second conclusion might be that conquering a new habitat
probably started very modestly as enduring a new habitat.
This step was successfully achieved by several algal groups,
even from those taxa that were not part of the lineage leading
to the “real” land plants.

An equally important transition was the invention of a
chorda that later became the organising body axis of the
vertebrates. This transition was linked with a fundamental
innovation within the intermediate filaments, a cytoskeletal
element that, unlike microtubules and actin filaments, is
fairly stable and able to buffer considerable tension forces.
This transition is scrutinised in the contribution to the cur-
rent issue by Karabinos (2023). A specific subset of these
proteins, the nuclear lamins, are responsible for the shape
and architecture of the metazoan nucleus and are thought
to have evolved very early in eukaryotic evolution. They are
endowed with a specific CaaX motif recruiting an isopre-
nyl anchor, such that a network can form that sustains the
form and architecture of the nucleus in many eukaryotes
(Peter and Stick 2023). In addition to these nuclear lamins,
there exist two types of cytoplasmic filaments. One of them
is long and shares a long, coiled domain with the nuclear
lamin — this type is found in the Protostomia. The second
type is short, mainly due to a large deletion within this coiled
domain. This short type is found in the Deuterostomia.
Two concurrent hypotheses try to explain the relationship
between the three types of intermediate filament proteins. A
straightforward idea suggests that both cytoplasmic protein
types are derived from a nuclear lamin ancestor. A second,
more complex, hypothesis assumed that the long cytoplas-
mic intermediate filament proteins had to be strictly con-
fined to prevent interaction with nuclear lamins. In fact, in
the Protostomia, they are only encoded by very few genes,
and also expressed under tight control. The deletion in the
coiled domain removed this constraint because it prevented
this interaction, such that cytoplasmic intermediate filaments
could be expanded considerably, which was one of the condi-
tions enabling the chorda. The author investigates the inter-
mediate filament genes in different species of Branchiostoma,
the prime model for the initiation of chordate evolution. He
finds that these organisms harbour both, the long protostomic
and the short deuterostomic type of proteins. However, the
long protostomic protein, lacking the deletion in the coiled
domain, is found only in Branchiostoma, not in any other
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chordate or vertebrate. So-called type III and IV intermediate
filament proteins that are important in vertebrates are missing
completely. This pattern lends support to the second model,
where the deletion in the coiled domain safeguarded the cyto-
plasmic proteins against interaction with nuclear lamins and
enabled their expansion.

As different as the two case studies are, they can teach
us some general lessons about transitions in evolution. Such
transitions are rarely sharp boundaries, but rather appear as
fuzzy searching zones, where “old”” and “new” are combined
in different ways, often in an incomplete manner. So, the
Ulvaceae have acquired some of the cellular mechanisms pro-
viding endurance of a terrestrial lifestyle, while lacking oth-
ers found in Bryophytes or primordial cormophytes. To see
them as “evolutionary dead-ends” would be inappropriate,
however. They cope with the conditions of their harsh envi-
ronment perfectly. The idea of a “dead-end” is only brought
about by our teleological thinking, where “primitive” forms
are seen as transitions for something more advanced. In the
same way, the mechanism to downregulate the intermediate-
filament proteins without the large coil deletion is not “more
primitive” than the “advanced” deletion-bearing version of
deuterostomates. The seeming advance comes only from our
way of interpreting it as “pre-adaptation” (ex-aption in sensu
Gould and Vrba 1982) for the later evolutionary stages that
were enabled by this deleted version, such as the genesis of
chorda as an organisational principle of the vertebrates.

A second lesson is the type of change that leads to “inno-
vation” (defined as such only a posteriori). These changes
seem to be often of a de-regulative nature. For instance,
a de-regulated accumulation of carotenoids, in concert
with a de-regulated accumulation of sugar alcohols helps
Trentepohlia to cope with drought and light stress. The de-
regulated expression of cytoplasmic intermediate-filament
proteins in the early chordates (possibly due to the deletion
in the coiled domain because this way evades interaction
with nuclear lamins) enables the development of a chorda.
Such de-regulations are easy to get in evolution because they
are caused by loss-of-function of negative regulators. To
reach a loss-of-function is far easier than to assemble a new
function. Thus, it might be the loss of control that allows
for evolutionary innovation, “unleashing the creativity of
Nature”.

Funding Open Access funding enabled and organized by Projekt
DEAL.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in



Missing links exploring transitions

1471

the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

de Vries J, Archibald JM (2018) Plant evolution: landmarks on the path
to terrestrial life. New Phytol 217:1428-1434

Gould SJ, Vrba ES (1982) Exaptation — a missing term in the science
of form. Paleobiol 8:4-15

Gustavs L, Eggert A, Michalik D, Karsten U (2010) Physiological and
biochemical responses of green microalgae from different habitats
to osmotic and matric stress. Protoplasma 243:3-14

Holzinger A, Plag N, Karsten U, Glaser K (2023) Terrestrial Trente-
pohlia sp. (Ulvophyceae) from alpine and coastal collection
sites show strong desiccation tolerance and broad light and

temperature adaptation. Protoplasma. https://doi.org/10.1007/
s00709-023-01866-2

Karabinos A (2023) The long protostomic-type cytoplasmic intermedi-
ate filament (cIF) protein in Branchiostoma supports the phyloge-
netic transition between the protostomic- and the chordate-type
cIFs. Protoplasma. https://doi.org/10.1007/s00709-023-01865-3

Lyell C (1863) Geological evidences of the antiquity of man. Dent &
Sons, London, pp 471-502

Peter A, Stick R (2023) CaaX-less lamins: lophotrochozoa provide a
glance at the playground of evolution. Protoplasma 260:741-756

Trumhova K, Holzinger A, Obwegeser S, Neuner G, Pichrtova M
(2019) The conjugating green alga Zygnema sp. (Zygnematophy-
ceae) from the Arctic shows high frost tolerance in mature cells
(preakinetes). Protoplasma 256:1681-1694

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.1007/s00709-023-01866-2
https://doi.org/10.1007/s00709-023-01866-2
https://doi.org/10.1007/s00709-023-01865-3

	Missing links exploring transitions
	References


