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The systematic position and phylogenetic relationships of Echium orientale, a rare endemic of the mountains of northern
Turkey, were elucidated based on morphological, molecular, and karyological evidence.

Using nuclear and plastid DNA sequences, we found that this species is not included in Echium, but is rather at least as
divergent from it as other related lineages, namely the South African Lobostemon and Echiostachys. Pollen characters
revealed a strong affinity with Onosma, especially in the non-reticulate ornamentation of the tectum. Fruit morphology is
unique in the genera of the Echium ‘alliance’ (e.g. Echium, Pontechium, Lobostemon, and Echiostachys), because of the
large size and the smooth, glossy nutlet surface as in most species of Onosma. Karyological observations show that this
species is diploid with 2n = 12, and differing from both Lobostemon or Echium, where nearly all species have higher
numbers (usually 2n = 14 and 2n = 16, respectively). Combined with a ‘megaherb’ habit, the weak zygomorphism of the
large flowers and a restricted range in the humid mountain forests of the Black Sea region, fruit, pollen and chromosome
characters suggest an isolated position for E. orientale in the Echium alliance. We therefore propose its placement in the
monotypic Megacaryon, a genus originally described by Boissier, but largely disregarded by later botanists. An original

specimen is designated as generic lectotype.

Key words: karyology, molecular phylogenetics, monotypic genera, plant systematics, pollen morphology, Turkish flora

Introduction

With some 60 species, Echium L. is one of the largest gen-
era of Boraginaceae tribe Lithospermeae, a group of ¢. 25
genera and 460 species occurring in Europe, Africa, Asia,
and the Americas. Major diagnostic characters of Echium
are the distinctly zygomorphic corolla, often with long
exserted stamens of different lengths, and the more or less
deeply divided style with two stigmatic branches (Gibbs,
1972; Johnston, 1924). Habit, life cycle and other vegeta-
tive characters are widely variable. The herbaceous habit
is exclusive in the primary diversity centre in the west
Mediterranean, continental Europe, and western Asia,
while the woody, shrubby habit is characteristic of most
Macaronesian endemic species that originated from main-
land ancestors through a massive radiation in the Canary,
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Cape Verde, and Madeira islands (Bohle, Hilger, & Mar-
tin, 1996; Mansion, Selvi, Guggisberg, & Conti, 2009).
Closely related to Echium and initially considered con-
generic are two South African endemic lineages, Loboste-
mon Lehm. and Echiostachys Levyns. Although Johnston
(1924) initially included both in Echium because of con-
tinuous variation in floral characters, he later changed his
opinion and accepted Lobostemon (including Echio-
stachys; Johnston, 1953). Subsequently, all authors have
recognized both genera as distinct from Echium (Retief &
van Wyk, 1997; Weigend, Selvi, Thomas, & Hilger,
2016) based on the location of the annulus 1.5-6 mm (vs.
< 1 mm) from base of corolla tube and the presence of
five conspicuous densely pubescent bulges (Echiostachys)
or scales (Lobostemon) borne below the filament attach-
ment. Lobostemon includes some 30 species (Buys, 2006;
Weigend et al., 2016) that are also distinguished from the
three species of Echiostachys by the shrubby habit and the
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lack of a rosette of basal leaves (Levyns, 1934a; Retief &
van Wyk, 1997). Phylogenetic analyses have resolved
these two genera as a clade that is the sister lineage to
Echium (Cohen, 2014; Hilger & Bohle, 2000).

Recently separated from Echium is the monotypic genus
Pontechium Bohle & Hilger, with its single species E. mac-
ulatum L. ( = E. russicum Gmel., = E. rubrum Jacq.) from
eastern Europe and most of Russia. This taxon shows a
more marked phylogenetic divergence from Echium than
does the latter from either Lobostemon or Echiostachys,
thus suggesting an earlier split of Pontechium from Echium
than the two South African genera (Hilger & Bohle, 2000).
Morphologically, Pontechium is distinguished only by its
undivided stigma, a character already used to place it in
Echium section Holostigma K. Koch.

Based on the studies mentioned above, the biogeogra-
phy, general phylogenetic relationships and major evolu-
tionary trends of character variation in the Echium s.l
clade are today relatively well known. However, a few
points still remain to be resolved, one of which concerns
the affinities and the correct placement of Echium orientale
L., a rare species endemic to the Black Sea region in north-
ern Turkey (Edmondson, 1979). This species (Figs 1, 4)
was first observed and illustrated by Tournefort (1717) dur-
ing his trip to Asia Minor in 1701-1702 (Burtt, 2001,

2002), then formally described (Linnaeus, 1753) based on
material cultivated from seeds probably collected by Tour-
nefort himself (Mill in Cafferty & Jarvis, 2004). More than
one century later, Boissier (1875a) described the same spe-
cies as Megacaryon armenum Boiss., therefore placing it
in a new, monotypic genus. This was separated from
Echium due to the only weakly zygomorphic corolla
(‘subregularis’) without an annulus at the base, the very
large fruiting calyx, and the single large-sized nutlet with a
smooth, glossy surface, rather than trigonous-triquetrous
and strongly tuberculate-scrobiculate seeds as in the great
majority of Echium species. In his Flora Orientalis, Boiss-
ier (1875b) recognized that his species and E. orientale L.
were conspecific and made the new combination Mega-
caryon orientale (L.) Boiss. Since then, however,
Boissier’s genus has been recognized only by Gurke
(1895), while it was sunken in Echium by all other authors
(e.g. Edmondson, 1979; Greuter, Burdet, & Long, 1984;
Heller & Heyn, 1986) who followed Johnston’s (1953)
opinion of not accepting it.

However, the phylogenetic affinity of this diverging
endemic has never been tested, probably due to its rarity
and the consequent difficulty in obtaining material for more
in-depth investigations. During a recent field trip to this area
we had the opportunity to observe native populations and to

20 cm

—
1cm

Fig. 1. Megacaryon orientale (L.) Boiss. (Cecchi & F. Selvi HB 15.14, FIAF). (1.1) habit; (1.2) flower; (1.3) open corolla. Original

drawing by Laura Vivona.
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collect material for a study of its phylogenetic affinities and
taxonomic position based on morphological, karyological,
and molecular tools. The results bring new evidence sug-
gesting the resurrection of Boissier’s Megacaryon, thus
allowing the systematics and taxonomy of Echium s.l. and
of tribe Lithospermeae to be refined.

Materials and methods
Plant material

Native populations of E. orientale were studied and sam-
pled by the authors in summer 2015 in two distinct moun-
tain localities of the Black Sea region of northern
Anatolia, Turkey. The first (Cecchi & Selvi HB 15.14, F1,
FIAF) was located in the mountains around lake Abant
(Bolu province), while the second (Cecchi & Selvi HB
15.17, FIAF) was found on the Ilgaz mountain chain
between Kastamonu and Ilgaz (Kastamonu province);
both populations were localized in small patches in clear-
ings of extensive Abies nordmanniana—Fagus orientalis
forests, at 1050 m and 1500 m a.s.l. respectively. Herbar-
ium specimens kept in FI were also studied. Additional
material of Echium, Pontechium, Lobostemon, and
Onosma was obtained from personal collections in various
Mediterranean countries and Canary Islands, housed in
FIAF and FL.

DNA extraction and amplification

Genomic DNA of E. orientale was extracted from silica-
gel dried samples of leaf tissue using a modified 2xCTAB
protocol (Doyle & Doyle, 1990). Amplification of the ITS
region, including ITS1, 5.8S, and ITS2, the trnL(yaa,
intron and of the trnL-trnF intergenic spacer followed the
procedures described in Bohle et al. (1996) and Cecchi,
Coppi, Hilger, and Selvi (2014). These three markers
were selected for their phylogenetic signal in this group of
Boraginaceae—Lithospermeae, at the species and genus
level (Hilger & Bohle, 2000).

Automated DNA sequencing was performed directly on
the purified PCR products using BigDye Terminator v.2
chemistry and an ABI310 sequencer (PE-Applied Biosys-
tems, Norwalk, CT, USA).

Sequence alignment and phylogenetic
analyses

Novel sequences of E. orientale were processed as
described in Cecchi et al. (2014). Two datasets were ini-
tially prepared for phylogenetic analyses (ITS and #rnL-
trnF) with other sequences retrieved from International
Nucleotide Sequence Data Collaboration (INSDC;
Appendix 1, see online supplementary material, which is

available from the article’s Taylor & Francis Online page
at  http:/dx.doi.org/10.1080/14772000.2017.1290707).
The resulting ITS dataset was formed by 56 ingroup taxa
representing the great majority of old-world Lithosper-
meae (23 genera from the Mediterranean, Africa, and
Asia). All Macaronesian and continental species of
Echium for which ITS data were available from INSDC
were included in this dataset, as well as representatives of
Lobostemon, Echiostachys, and Pontechium. The Onosma
s.l. clade was represented by 10 Onosma species (Mediter-
ranean and Asiatic), and representatives of the genera
Cystostemon and Maharanga from Africa and Asia,
respectively. The trnL-trnF dataset included all 11
ingroup taxa of the Onosma—Echium lineage for which
full sequences (c. 900 bp) were available from INSDC
(Appendix 1). Although taxon sampling was much
reduced compared with ITS, all genera in the group under
study except for Echiostachys were included in this analy-
sis, providing additional evidence on the position of F.
orientale. Finally, we prepared and analysed a combined
dataset with ITS1, ##rnL(yaa) intron and partial trnL-trnF
sequences (c. 350 bp) of 30 ingroup species, of which 25
were members of Echium included in the study by Hilger
and Bohle (2000).

The full list of accessions used in this work is reported
in Appendix 1 (see online supplementary material) and all
three alignments are available from the authors upon
request.

Multiple alignments were performed with MAFFT v.
7.0 (Katoh & Standley, 2013) using the G-INS-1 strategy
which is an accurate iterative refinement method recom-
mended for small-scale alignments (Katoh, Kuma, Toh, &
Miyata, 2005). Gaps were coded as separate characters
according to Simmons and Ochoterena (2000) using Fast-
Gap v.1.2 (Borchsenius, 2009) and appended at the end of
the datasets.

Phylogenetic analyses were performed using Maximum
Parsimony and Bayesian methods. Taxa of subfamily
Echiochiloideaec Weigend and subfamily Boraginoideae
Arn. tribe Boragineae Rchb. were selected as outgroup
representatives, based on their relationships to Lithosper-
meae (Chacon et al., 2016; Weigend, Luebert, Selvi, Bro-
kamp, & Hilger, 2013).

Tree construction was first performed using PAUP 4.0
(Swofford, 2000), running heuristic searches with ‘tree-
bisection-reconnection’ (TBR) branch-swapping with
accelerated transformation (ACCTRAN) optimization to
infer branch (edge) lengths; MULTREES option on,
ADDSEQ = random, 20 randomized replicates. All char-
acters were weighted equally, and character state transi-
tions were treated as unordered; gaps in the alignment
were treated as missing data. Bootstrap support for clades
was obtained performing a heuristic search with 1000 rep-
licates, using TBR branch-swapping, 10 random taxon
entries per replicate and MULTREES option on.
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Bayesian inference of phylogeny was performed with
MrBayes 3.1.2 (Ronquist & Huelsenbeck, 2003). The
GTR + G and HKY + G substitution models were identi-
fied by FindModel (available at: http://www.hiv.lanl.gov/
content/sequence/findmodel/findmodel.html) as the best-
fitting models for respectively the ITS and the combined
dataset (excluding gap characters in both cases), based on
the Akaike Information Criterion.

The analyses were performed using four incrementally
heated Markov chains (one cold, three heated) simulta-
neously started from random trees, and run for one million
cycles sampling a tree every 10 generations. The station-
ary phase was reached when the average standard devia-
tion of split frequencies reached 0.01. Trees that preceded
the stabilization of the likelihood value (the burn-in) were
discarded, and the remaining trees were used to calculate
a majority-rule consensus phylogram. The trees were
viewed and edited with TreeView (Page, 1996).

Micromorphology (SEM)

Pollen grains from dry specimens were rehydrated in a
solution of Aerosol-OT 20% and then observed with a
scanning electron microscope (FEI ESEM-QUANTA
200) working at 30 kV. Nutlets were directly mounted on
stubs, without gold sputtering, and observed at the SEM.

Karyology

Root tips from a 6-month-old plant grown from seeds of
one of the two populations were collected in May 2016,
and pre-treated with 0.002M 8-hydroxyquinoline for
2 hours at room temperature and then fixed overnight in
ethanol:glacial acetic acid 3:1 (Bigazzi & Selvi, 2001).
When necessary, they were preserved in 70% ethanol at 3—
4°C until preparation. For standard analysis they were then
rinsed in distilled water, hydrolysed in 1N HCI at 60°C, 6—
7 min, stained in lacto-propionic orcein overnight, dis-
sected and squashed on clean glass slides in a drop of 45%
acetic acid. Metaphase plates were examined with a Zeiss
Axioscop light microscope under oil immersion (x 100),
and photographed with a Nikon digital system.

Results
Nuclear ITS-5.8S dataset

The aligned matrix included a total of 864 positions, with
coded gaps in positions 693~864; 171 indels were present
in the alignment and the length of gaps ranged from 1 to
12 positions. In the Maximum Parsimony analysis, 240
characters were constant and 424 were parsimony infor-
mative. The high rate of ITS sequence variation (nearly
50%) was not surprising, due to the phylogenetic distance
between the taxa of Lithospermeae in our dataset and the

inclusion of members of tribe Boragineae and subfamily
Echiochiloideae as outgroup representatives (see Chacén
etal., 2016).

The heuristic search produced 32 most parsimonious
trees with L = 2133, Consistency index (CI) = 0.57 and
Retention index (RI) = 0.71. The strict consensus was
topologically largely congruent with the majority-rule
consensus tree produced by the Bayesian analysis
(Fig. 2.1). Kimura two-parameters pairwise genetic dis-
tances, within and between genera in the Echium s.l.
group and Onosma are reported in Table 1. The Echium s.
1. clade, including all species of Echium, Pontechium,
Lobostemon and Echiostachys, resulted monophyletic
with good support (89% BS, 0.97 PP) and was sister to
the Onosma s.l. clade (79% BS, 0.96 PP). Pontechium
was the first diverging lineage within the Echium s.l.
group within which Echium was not retrieved as mono-
phyletic because of the position of E. orientale which was
resolved as sister group (69% BS, 0.92 PP) to a moder-
ately supported clade comprising Echium s.s. (i.e. exclud-
ing E. orientale), Lobostemon and Echiostachys (92%,
0.92 PP). Echium orientale differed from all members of
the Echium and Onosma clades by 13 single nucleotide
polymorphisms (SNPs) and 1-bp deletions. The affinity
between the South African Lobostemon and Echiostachys
was strongly corroborated (100% BS, 0.99 BS), as well as
the monophyly of Echium s.s. (98% BS, 0.99 PP) includ-
ing the group of the Macaronesian endemics (100% BS,
0.99 PP). The mean genetic distance of E. orientale to the
other Echium species was c. three time higher than that
between these latter species (0.134 vs. 0.045; Table 1).
The Onosma s.1. clade was strongly supported (100% BS,
0.99 PP), and the African Cystostemon was the first
diverging lineage. The rest of this clade showed an early
split in two major subclades, one with Maharanga emodi
and the two Chinese species O. waltonii and O. paniculata
(98% BS, 1.00 PP), and the other with the bulk of Medi-
terranean-Irano-Turanian Onosma species (100% BS,
1.00 PP). The other major groups were those of Huynhia/
Neatostema/Cerinthe/ Moltkiopsis/Mairetis/Halacsya/Par-
amoltkia/Lithodora (clade B), Lithospermum/Glandoral
Buglossoides/Aegonychon (clade C), Moltkia (clade D),
Arnebia (clade E) and Alkanna/Podonosma (clade F).

Plastid trnL-trnF 1GS dataset

The complete alignment was 935 bp long (including gaps
in pos. 906-935) and included 94 variable characters
(10%); of these, only 46 were parsimony informative. The
Bayesian phylogram (Fig. 2.2) was topologically congru-
ent with ITS in retrieving two strongly supported clades:
that of Onosma s.1. (95% BS, 1.00 PP) and that of Echium
s.l. (1.00 PP, 89% BS). In the former Maharanga was
clearly sister to Onosma (100% BS, 1.00 PP), while in the
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Fig. 2. Consensus phylograms (50% majority-rule) from Bayesian analysis of: (2.1) nuclear ITS-5.8S sequences, and (2.2) plastid trnL-
trnF sequences. Posterior probability (PP) and bootstrap support (BS) values are shown near statistically supported nodes; the main
clades of Lithospermeae are indicated with black squares and letters, according to Cecchi and Selvi (2009).
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Table 1. Mean genetic distances (lower-left half of the table), between species of the same genus (within genera) and between genera,
based on ITS-5.8S DNA sequences and calculated according to Kimura (1980); standard errors are shown in the upper-right half of the

table.

between genera
Genus within genera Echium Lobostemon Echiostachys Pontechium Megacaryon Onosma
Echium 0.045 — 0.012 0.016 0.016 0.013 0.014
Lobostemon 0.026 0.101 — 0.006 0.028 0.015 0.021
Echiostachys — 0.104 0.020 — 0.043 0.020 0.030
Pontechium — 0.204 0.301 0.416 — 0.017 0.017
Megacaryon — 0.134 0.131 0.133 0.202 — 0.018
Onosma 0.062 0.183 0.216 0.241 0.243 0.218 —

latter E. orientale, E. callianthemum, Pontechium and
Lobostemon formed, in that order, a ‘grade’ relative to the
clade comprising E. creticum and E. vulgare (100% BS,
1.00 PP). Low support values for the corresponding nodes
suggested substantially unresolved relationships between
the five branches above, but again E. orientale did not
cluster with the two species of Echium s. s. and it differed
from all other members of the Onosma s.1. and Echium s.1.
clades by 13 SNPs, 1-bp deletion and 1-bp insertion.

Combined dataset

The combined alignment included 1144 positions (ITS1:
1~257, trnL intron: 258~760; trulL-trnF, partial:
761~1109; coded gaps: 1110~1144). Maximum Parsi-
mony search produced 47 trees (L = 425, CI = 0.76, RI
= 0.81), the strict consensus of which (Fig. 3) was topo-
logically congruent with the phylogram resulting from
Bayesian analysis of the sequence data (excluding coded
gap characters). Pontechium was confirmed as the sister
to the rest of the Echium alliance (96% BS, 0.99 PP),
including E. orientale and the Lobostemon-Echiostachys
clade (98% BS, 0.97 PP). Here, the placement of E. orien-
tale as sister to the group of Lobostemon—Echiostachys +
Echium s.s. was not well supported (60% BS), leaving the
relationships between these three lineages substantially
unresolved. However, both E. orientale and the two South
African genera were clearly resolved outside of a mono-
phyletic Echium s. str. (85% BS, 0.97 PP).

Fruit and pollen morphology

Major characters of fruit morphology such as general
shape, surface, ventral keel (carpel suture) and basal
attachment on the flat gynobase are basically uniform in
the ‘Echium alliance’ and Onosma s.1. Detailed descrip-
tions of these characters were already given in previous
studies, especially Johnston (1953) and Seibert (1978).

Field observations of numerous individuals of both
populations of E. orientale showed that the early abortion
of three (rarely two) nutlets is the rule in this species,
explaining the occurrence of only one diaspore (or rarely
two) in the fruiting calyx (Fig 4.3). This phenomenon is
only exceptional in the other genera examined here, where
the smaller size of each single nutlet allows their regular
development towards maturity as is typical for most
Boraginaceae.

All species of Echium, Lobostemon, Echiostachys, and
Pontechium, show small or medium-sized trigonous-tri-
quetrous eremocarps (sensu Hilger, 2014) with a slightly
incurved body and a highly elaborated surface bearing
more or less prominent tuberculate-scrobiculate processes
throughout, especially in some endemics of the Macarone-
sian islands (Fig. 5.3-5.6). Echium orientale differs from
these species in the much larger size (c¢. 7.5x6 mm, from
which Boissier’s name ‘Megacaryon’), the wider ovoid-
subglobose shape, faintly beaked apex, and the nearly
smooth, glossy surface without tuberculate-scrobiculate
processes (Fig. 5.1). In these characters it clearly resem-
bles the species of Onosma, whose nutlets differ from
those of E. orientale only in their smaller size (Fig. 5.2).

Palynological observations added further elements of
systematic relevance. Grains of E. orientale present the
basic traits of Echium, Lobostemon, Echiostachys, and
Pontechium maculatum (this apparently shown here for
the first time), as well as Onosma, in being relatively
small-sized (mean P = 15.2 pm, mean E = 11.1 pum),
subprolate to slightly prolate (P/E = 1.37), heteropolar
and ovate-triangular in equatorial view, with three fusi-
form ectoapertures along the sides, free at ends, and cov-
ered with conical gemmae (Table 2; Fig. 6.1-6.7); each
ectoaperture bearing a protruding, circular endoaperture
situated close to the broader pole and with a gemmate sur-
face. However, a major difference of E. orientale with
respect to other taxa in the Echium s.1. group was observed
in the ornamentation of the tectum, that was punctate-per-
forate rather than reticulate to micro-reticulate as in
Echium (Fig. 6.5, 6.6), Lobostemon, and Echiostachys.
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Fig. 3. Strict consensus from Maximum Parsimony analysis of the Echium ’alliance’ with bootstrap support and Bayesian posterior
probabilities, based on the combined ITS1, trnlya 4 intron, and trnL-truF (partial) sequence dataset.

Interestingly, this character also occurs in most Mediterra- Karyology
nean taxa of Onosma (Fig. 6.3), whose grains appeared
remarkably similar to those of E. orientale and belong to
the same type.

Observations on the population from the Ilgaz mountains
showed this species to be diploid with 2n = 2x = 12.
Metaphase chromosomes were small-sized (length range
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Fig. 5. SEM micrographs of fruit. (5.1) Megacaryon orientale
(Cecchi & Selvi HB 15.14, FIAF); (5.2) Onosma heterophylla
(Cecchi & Selvi HB 08.02, FIAF); (5.3) Lobostemon trigonum
(Drége 446, FI); (5.4, 5.5) Echium wildpretii (Selvi HB 13.81,

Fig. 4. Megacaryon orientale. (4.1) whole plant in its natural
habitat; (4.2) flower; (4.3) fruiting calyx showing the single
developing nutlet. Photos L. Cecchi (4.1) and F. Selvi (4.2, 4.3).
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FIAF); (5.6) Pontechium maculatum (Cecchi, Coppi & Selvi HB

06.07, FIAF).

Fig. 6. SEM micrographs of pollen grains. (6.1-6.2) Mega-
caryon orientale, equatorial and polar view, respectively (Sinte-
nis 4159, FI); (6.3—6.4) Onosma auriculata DC., equatorial and
polar view, respectively (Bigazzi & Selvi HB 96.19, FIAF);
(6.5-6.6) Echium anchusoides Bacchetta, Brullo et Selvi (Bac-
chetta & Selvi HB 99.26, FIAF); (6.7) Pontechium maculatum
(Cecchi, Coppi & Selvi HB 06.07, FIAF).
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Fig. 7. Micrograph of a chromosome metaphase plate and kar-
yotype of the population from the Ilgaz mountains (Kastamonu
province); m = metacentric, sm = submetacentric chromosome
pairs.

c. 1.5-2.8 um in length) and of metacentric (four pairs) to
sub-metacentric type, with a homologue pair of submeta-
centrics provided with macro-satellites on the short arms
(Fig. 7). One pair of metacentrics was considerably larger
than all other pairs.

Taxonomy

Megacaryon Boiss
P1. Or. Nov. Dec. 1: 7. 1875.

Type: Megacaryon armenum Boiss.
Megacaryon orientale (L.) Boiss., Fl. Or. 4: 204. 1875.

= Echium orientale L., Sp. PL. 1: 139. 1753.

Locus classicus: ‘Habitat in Oriente’; described from cul-
tivated material perhaps derived from seed collected by
Tournefort in Asia Minor (Turkey). Lectotype (iconotype,
designated by Mill in Cafferty & Jarvis, 2004: 802):
‘Echium orientale, verbasci folio, flore maximo campanu-
lato’, drawing in Tournefort (1717: page opposite to 248;
http://gallica.bnf.fr/ark:/12148/bpt6k10575681/f285).
Tournefort’s description was discussed in detail by Burtt
(2002) who also reproduced an illustration of the subse-
quently designated lectotype (Burtt, 2001).

= Megacaryon armenum Boiss., Pl. Orientate. Nov. (dec.
prim.): 7. 1875.

Locus classicus: [Turkey, Trabzon] ‘in arvis incultis
Armeniae Turcicae prope Macka’. Lectotype (designated
here): ‘Onosma megalosperma [ ‘megulospermum’ in
Boissier, 1875a], spec. nova [...] champs incultes prés
Macka’, 02 Aug 1862, E. Bourgeau no. 481 (G-BOIS,
G00330651, photo! Isolectotypes: F1010649!, http://parla
tore.msn.unifi.it/types_new/search.php; P00599751,
photo!,  https://science.mnhn.fr/institution/mnhn/collec
tion/p/item/p00599751; P00599752, photo!, https://sci
ence.mnhn.fr/institution/mnhn/collection/p/item/
p00599752).

Discussion

By combining molecular, morphological, and karyologi-
cal data, the present work contributes to the knowledge of
a rare endemic species whose affinities have been uncer-
tain for long time. Although relationships in Echium s.1.
were largely known thanks to previous phylogenetic stud-
ies focusing on it (Bohle et al., 1996; Hilger & Bohle,
2000), old-world Lithospermeae (Cecchi & Selvi, 2009)
or Boraginaceae (Cohen, 2014; Mansion et al., 2009; Wei-
gend et al., 2013), our findings add elements that may lead
to a better definition of the generic units in this clade and
allow us to resurrect Megacaryon.

The molecular markers used in this study are congruent
in showing that Megacaryon is either outside the clades of
Echium (s.str.) and Lobostemon—Echiostachys, or without
direct affinity to Pontechium, the other monotypic genus
in the lineage and probably sister to the rest of the Echium
alliance. While the ITS phylogeny suggests that Mega-
caryon diverged from Echium s. str. earlier than the two
south African genera, this relationship was not fully sup-
ported in the combined analysis, leaving the identity of
the sister group to Echium still uncertain. Further analyses
with more markers may help to address this issue.

Morphology supports the somewhat isolated position of
M. orientale. Given its tall stature and very large basal
leaves (up to 65x30 cm), this endemic displays a
‘megaherb-like’ habit similar to that of other Boragina-
ceae found in the humid mountain forests of the southern
Black Sea region such as Brunnera macrophylla (Adams)
I.M. Johnst. and Trachystemon orientalis (L.) G. Don.
Although it is reported to have a biennial life cycle
(Edmondson, 1979; Johnston, 1953) our field observations
would rather support a perennial habit, like that of the
other two forest herbs mentioned above, and as already
indicated by Boissier (1875a) for Megacaryon armenum.
Observation of plants currently in cultivation will hope-
fully help to address this issue. In any case, other conti-
nental herbaceous species of Echium rarely reach such
size, especially in the size of the basal leaves, while the
large-sized Macaronesian endemics differ mainly by their
woody, shrubby habit, which is also found in South Afri-
can Lobostemon.

Morphology of reproductive structures provides further
support for the distinctiveness of Megacaryon. As already
observed by Boissier (1875a, b), floral zygomorphism in
this species is less pronounced than in most true Echium.
The corolla is not as distinctly bilabiate, and the calyx
even less, while the androecial arrangement is similar in
having stamens filaments of different lengths but they are
inserted at approximately the same height in the lower
part of the corolla wall. Even more distinct is the fruit,
usually composed at maturity by only one or two nutlets.
Abortion is probably associated with their large size,
which prevents the full development of the four
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eremocarps which is the rule in the Boraginaceae (Hilger,
2014). Reduction to a single nutlet was already
highlighted by Seibert (1978) who also reported the lack
of calcium carbonate incrustations in the pericarp of this
species, a feature shared with most other species of
Echium. On the other hand, all species of Echium, Lobos-
temon, Echiostachys, and Pontechium are characterised
by a strongly sculptured and rough pericarp, which is in
contrast to the nearly smooth, glossy surface of M. orien-
tale. In this character and with the wide-ovoid shape (not
trigonous-pyriform), this endemic shows a remarkable
resemblance to Onosma, whose nutlets differ only in their
generally smaller size and presence of calcium in the peri-
carp (Seibert, 1978). This explains why Boissier (1875a),
who received only fruiting material of M. armenum from
Bourgeau, initially referred this species to Onosma and
named it ‘O. megalosperma’ on herbarium sheets labels
(1875a: 8).

Pollen morphology is often a valuable source of infor-
mation in the systematics of Lithospermeae because of the
wide variation and phylogenetic signal, especially at the
genus level (Cecchi & Selvi, 2009; Johnston, 1953; Liu,
Li, Zhang, & Ning, 2010; Weigend, Gottschling, Selvi, &
Hilger, 2009). Numerous species of Echium, Lobostemon,
and Echiostachys have been investigated in previous works
(e.g. Johnston, 1953; Reille, 1992, 1995; Retief & van
Wyk, 1997), but none of these included M. orientale. Our
observations confirmed this species and Pontechium macu-
latum to be palynologically close to the genera mentioned
above and to Onosma, in their small-sized, heteropolar
(pear-shaped) grains with three narrow ectoapertures free
at ends, each provided with a circular endoaperture close
to the broader pole. Onosma and Echium differ mainly in
the tectum ornamentation, which is punctate-perforate,
more or less scabrate to rugulate in the former (see also
Binzet, Erkara, Ozler, & Pehlivan, 2014) and reticulate,
microreticulate to foveolate in the latter. This character has
been considered ‘evolutionarily more advanced’ (Liu et al.,
2010), while M. orientale, and apparently Pontechium as
well, are clearly closer to Onosma in their nearly smooth
tectum that may represent the plesiomorphic condition in
the Onosma-Echium s.1. clade.

Additional considerations can be made based on chro-
mosomal features. Megacaryon orientale is a diploid spe-
cies with one of the lowest base numbers known in tribe
Lithospermeae (x = 6). The same number is characteristic
of Pontechium maculatum, which is however tetraploid
with 2n = 24 (Letz, Uhrikova, & Maéjovsky, 1999; Mar-
kova, 1983) and, in the Onosma—Echium clade, of a few
species of Onosma such as the west Mediterranean O. fas-
tigiata (Braun-Blang.) Braun-Blang. ex Lacaita (Galland,
1988), the west Asian O. hispida Wall. ex G. Don (Kaul
& Bindroo, 1984) and the Greek O. spruneri Boiss. (Tepp-
ner, 1996). The base number x = 7 is typical of South
African Lobostemon (Levyns, 1934b), many species of

Onosma, and E. asperrimum Lam. within Echium (Luque,
1984). Since all other species of Echium investigated to
date are diploid or tetraploid with x = 8 (with the only
exception of Iberian E. boissieri Steud., 2n = 10; Luque,
1984), the hypothesis has been formulated that this is the
basal chromosome number in the group and that all lower
numbers have originated secondarily by descending
mechanisms (Bramwell, 1973; Fritsch, 1973; Luque,
1984). Although this does not match the apparently more
basal position of the lineages with x = 6 (Pontechium and
M. orientale) and x = 7 (Lobostemon) in our phylogenetic
reconstruction, it still remains a plausible assumption also
in the light of similar descending trends in other groups of
Boraginaceae (see, e.g., Selvi & Bigazzi, 2002). Whatever
the case, M. orientale is at present the only species in the
Echium ‘alliance’ with 2n = 12, which shows its unique-
ness also on karyological grounds.

Based on the elements discussed above, this species
seems to be characterized by a peculiar combination of
traits which are partly typical of Onosma (pollen, fruit,
partly chromosome complement) and partly of Echium,
possibly representing a ‘living proof” of the phylogenetic
affinity between these two genera belonging to the same
major lineage of Lithospermeae (‘clade A’ in Cecchi &
Selvi, 2009). Characters of the habit, fruit, pollen and pos-
sibly chromosome complement are likely plesiomorphic,
and may have been retained from a common ancestor to
the whole Onosma—Echium lineage.

Taxonomically, our findings suggest that Echium is non-
monophyletic if the species is included as E. orientale. It
diverges from the rest of Echium at least as early as the
South African lineages of Lobostemon and Echiostachys,
both of which are today widely accepted genera (see also
Weigend et al, 2016). The broad range disjunction
between these two latter taxa and Echium, versus the sym-
patry of M. orientale with respect to various Echium spe-
cies, would not be a good argument to recognize them
while disregarding the overall greater distinctiveness of
this Turkish endemic. Although further phylogenetic
research with more molecular markers may bring new ele-
ments and improve resolution in the group, we believe that
overall evidence presented here justifies the reappraisal of
Boissier’s genus Megacaryon. This taxonomic evaluation
seems more adequate to formally describe the diversity in
Echium s.1. and is coherent with the current trends in the
systematics of Boraginaceae (Chacon et al., 2016).
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