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Intro & Gametophyte

Hornworts: least diverse lineage of bryophytes

Etymology: horn-like sporophyte!

Vegetative body (gametophyte):
- always thalloid/ribbon-like like some liverworts
- bilaterally symmetric
- lateral appendages lacking but margin can 

be incised (function?) or perforated.

Dendroceros

© Duff et al. 2007

Vanderpoorten & Goffinet 2009
Nothoceros sp.

© Villarreal



Gametophyte

The growth of the thallus is 
accounted for by the activity of 
single apical cell, as in all 
bryophytes.

Apical cell (AC) is in a notch and 
covered by mucilage (M).

Vanderpoorten & Goffinet 2009



Gametophyte
The shape of the apical cell is wedge-shaped [A] or hemidiscoid [B].

The wedge shaped cell has with 4 cutting faces (2 lateral, 1 dorsal and 1 
ventral) and resulting in an orbicular growth form (rosettes).

The hemidiscoid cell has 3 faces (2 lateral and 1 basal) results in a ribbon-
shaped thallus.

Duff et al. 2005 Renzaglia et al. 2009



Gametophyte

The thallus lack conspicuous internal differentiation except for schizogenous
cavities ultimately housing cyanobacteria. (≠ schizogeny and lyzogeny?)

Some cells are specialized in synthesizing, storing and secreting mucilage (a 
carbohydrate potentially essential for water retention).

Upper surface bears sex organs, rarely some outgrowth.
Rhizoids on the lower surface are always unicellular (like in __________).

Vanderpoorten & Goffinet 2009
Renzaglia & Villarreal 2006



Gametophyte

The lower epidermis includes 
some specialized cells that are 
kidney-shaped like stomatal
guard cells.

Hornworts lack stomata on the 
gametophyte!

These cells define a pore, that 
remains open.

The pore leads to a chamber 
that houses cyanobacteria 
embedded in mucilage (hence 
the name mucilage clefts).

Renzaglia et al. 2009



Gametophyte

The photosynthetic cells of 
most taxa include a single 
chloroplast. Only in Megaceros
are chloroplasts small and 
numerous.

But as in all bryophytes and 
perhaps land plants, meiosis is 
monoplastidic, meaning there 
is always only one chloroplast 
during meiosis!

When the chloroplast is large 
and single, it shows a region 
called the pyrenoid, which 
corresponds to the 
concentration of RUBISCO.

Renzaglia et al. 2009

What is RUBISCO?

Pyrenoids also known from algae!



Gametophyte: sex organs

Gametangia are produced along the midrib/midline.

Archegonia are sunken with the neck protruding above the 
surface (cc = cover cells).

Antheridia are stalked and always clustered inside a 
chamber within a schizogenous cavity in the thallus!

Renzaglia et al. 2009
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Sporophyte

The first division of the zygote is 
longitudinal versus transverse in other 
bryophytes.

Embryo forms an enlarged foot and upper 
region => “capsule” or sporangium.

How does the sporophyte grow?
Options are: apical cell, intercalary 
meristem or…..

Hornworts are characterized by the 
presence of a intercalary  meristem.

Hence the sporophyte grows acropetally!

A seta is always lacking! Renzaglia et al. 2009
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Sporophyte

The basal meristem is typically ±
“continuously” active, some sporophytes 
are 7 or more cm long/tall!

© Goffinet

In Nothotylas, it soon stops 
dividing, and the sporophytes 
are basically immersed, or 
enclosed in the involucre!

Duff et al. 2004



Sporophyte

A consequence of the basal meristem is 
that cells, including sporogenous cells 
(and hence spore mother cells) are 
continuously been produced from the 
bottom.

These cells begin their maturation 
immediately, and those of the 
amphithecium may enter meiosis.

Hence meiosis is asynchronous in 
hornworts!

Thus, along a single sporophyte, one can 
see all stages of the development of 
spores!

Parihar 1970



Sporophyte

The capsule walls bears specialized cells defining a pore, the 
stoma.

Stomatal guard cells are similar to those in mosses and vascular 
plants, but are non-functional and likely did not serve in gas 
exchange.

Other function? 

Renzaglia et al. 2009



Sporophyte
Early in the development of the sporophyte, before sporogenesis, the cells 
undergo a division yielding a spore mother cell and and a (pseudo)elaterocyte.

Why pseudo-elaters?

(Pseudo)elaters consist of 1 or > diploid cells arranged in layers alternating with 
spores.

SMC immediately 
undergo meiosis.

PMC undergo 
repeated mitotic 
Divisions.

Hence the # of 
pseudoelaters
is much >
than that of spores!

Renzaglia et al. 2009



Sporophyte
At maturity the sporophyte dehisces from the apex down, along predetermined 
axial lines, or groves. 



Asexual reproduction

Like liverworts and mosses, hornworts may develop specialized asexual 
reproductive structures, mostly along the thallus margin or in the form of 
rhizoidal tubers, but these are uncommon.

In Nothoceros aenigmaticus, a 
species formally considered 
endemic to SE USA, male and 
female populations are allopatric 
and persist solely through 
propagation by thallus 
fragmentation in the SE!

Nothoceros fuegianus (Cape Horn)



Symbiosis
Among bryophytes, hornworts are best “known” for their association with 
endophytic cyanobacteria. The Nostoc colonies are sought after partners because of 
their ability of ___________________ which takes place in _________________. 

Nostoc colonies are typically 
globose except in 
Leiosporoceros, where they 
grow along with the thallus, 
forming like a veination. 



Phylogeny



Evolution

Evolution of hornwort marked by 
loss of stomata, reduction in 
number of antheridia and gains–
losses-gains of pyrenoids!



Evolution

Homoplasy of the 
pyrenoid.

If multiple “aquisitionS”, 
what may this tell us 
about the trait itself?

Villarreal & Renner PNAS 2012;109:18873-18878



SumEvoluitonmary

Environmental trigger for the 
independent evolution of 
pyrenoid.

Correlation between 
acquisition and low CO2
ambiguous.

In fact pattern does not fit the 
hypothesis that pyrenoid 
evolution relates to times of 
low CO2 concentration

Villarreal & Renner PNAS 2012;109:18873-18878
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Plants rely on various “receptors” to assess changes in their environment, particularly light!

Neochrome: chimeric molecule: 
phytochrome (red sensing) + phototropin (blue sensing).

Where do they occur? So far: Green algae and ferns!

How can we explain such phylogenetic distribution?

And it only occurs in ferns that arose AFTER the rise of angiosperms!

Actual legend to figure:
Neochrome is a chimeric photoreceptor in which the N terminus consists of a 
phytochrome sensory module fused to an almost complete phototropin sequence at 
the C terminus. 

Evolutionary significance of hornworts



First: neochromes discovered in hornworts.

Analyses of the DNA sequences yielded this 
tree.

What is happening in the upper portion of the 
tree?

Gene tree = species tree? Yes, with one 
duplication in seed plants.

What about the median (colored) portion?
1. Position of hornwort? 
2. Position of fern NEO!

Phototropin (and neochrome) phylogeny

Evolutionary significance of hornworts



Evolutionary significance of hornworts
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