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Abstract

Galan Cela, P, Seligrat, I, Ortufez, E.,, Gamarra, R., Vivar, A. &
Scrugli, A. 2014. A study of seed micromorphology in the genus Ophrys
(Orchidaceae). Anales Jard. Bot. Madrid 71(2): e008

Seed micromorphology of 19 taxa of the genus Ophrys have been
studied using SEM and light microscope. Quantitative data (length and
width of seed and embryo, number of testa cells along the longitudinal
axis, volume of seed and embryo, and percentage of free air space),
as well as qualitative characters (seed shape, features of the anticli-
nal and periclinal walls, ornamentation and colour) were analysed. All
the seeds are fusiform, with an asymmetrical basal pole, the periclinal
walls of the medial cells have parallel and transverse to slanting ridges,
and raised anticlinal walls. Statistical analyses show two large clusters
according to the volumes of seed and embryo. Our results support the
monophyly of the genus and their recent diversification, however, seed
features are not congruent with the recognition of sections and groups
within Ophrys.

Keywords: testa cells, periclinal walls, SEM, statistical analysis.

INTRODUCTION

The genus Ophrys L. (Orchidaceae, Orchidinae) is dis-
tributed from the Canary islands to the Near Orient, with
great diversification in the Mediterranean basin (Pridgeon
& al., 2001; Delforge, 2006; Pedersen & Faurholdt, 2007).
It is well characterized by their labellum, which resembles
the body or some organs of different insects, and it is linked
with the mechanism of pollination (pseudocopulation).

Their monophyly is strongly supported by morphological
and molecular data (Soliva & al., 2001; Bateman & al., 2003;
Bernardos & al., 2005), with Serapias L. and Anacamptis
Rich. as the closest relatives genera. No intergeneric hybrids
with other representatives of the subtribe Orchidinae have
been found, however, interspecific hybridization is wide-
spread in the field, and perhaps, several taxa may be of
hybrid origin (Pedersen & Faurholdt, 2007).

The taxonomy of this genus remains difficult, with a
profusion of taxa along the distribution range, mainly in
Greece and Turkey. Several authors have contributed to
the taxonomy of the genus (Godfery, 1928; Nelson, 1962;
Del Prete, 1984; Baumann & Kiinkele, 1986; Devillers
& Devillers-Terschuren, 1994; Delforge, 2006; Pedersen
& Faurholdt, 2007). The lack of consensus between orchi-
dologists has resulted in discrepancies as to the number of
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Se ha estudiado la micromorfologia de semillas de 19 taxones del género
Ophrys mediante el empleo de microscopio dptico y electronico de barrido.
Se han analizado datos cuantitativos (longitud y anchura de la semilla y del
embrién, nimero de células en la testa a lo largo del eje longitudinal, volu-
men de la semilla y del embrién, y porcentaje de espacio aéreo libre) y cuali-
tativos (morfologia de la semilla, caracteristicas de sus paredes anticlinales y
periclinales, ornamentacion y color). Todas las semillas analizadas son fusi-
formes, con polo basal asimétrico, ornamentacién de las paredes periclinales
formada por costillas paralelas y transversales a oblicuas, y paredes anticlina-
les prominentes. Los andlisis estadisticos revelan dos grandes cluster seguin
los valores de los volimenes de la semilla y el embrién. Nuestros resultados
apoyan la monofilia del género y su reciente diversificacion, sin embargo,
los caracteres micromorfolégicos de las semillas no son congruentes con el
reconocimiento de secciones y grupos dentro del género Ophrys.
Palabras clave: células de la testa, paredes periclinales, MEB, anélisis
estadistico.

taxa, for instance, Delforge (2006) recognised 252 species
throughout their distribution range, whilst Pedersen &
Faurholdt (2007) mentioned 19 species in Europe, many
of them including infraspecific taxa (subspecies and vari-
eties), and several hybrids.

Several authors have considered the subdivision of the
genus in sections, complexes, groups and subgroups, based
on floral characters or adaptations to a specific pollinator
(Paulus & Gack, 1990; Devillers & Devillers-Terschuren,
1994; Delforge, 2006). In these publications, the sections
Ophrys and Pseudophrys Godfery were recognised. The
monophyletism of the section Pseudophrys have been
corroborated by morphological (Devillers & Devillers-
Terschuren, 1994), karyological (Greilhuber & Ehrendorfer,
1975; D’Emerico & al., 2005) and molecular data (Soliva
& al., 2001; Bateman & al., 2003; Bernardos & al., 2005;
Inda & al., 2010), but these results are not congruent with
the whole of the section Ophrys (Soliva & al., 2001; Bateman
& al., 2003), or with the 32 groups accepted by Delforge
(2006). Molecular analyses have highlighted a recent evolu-
tion of the genus and a rapid colonization throughout its
distribution (Soliva & al., 2001; Bateman & al., 2003; Inda
& al., 2012). According to Pedersen & Faurholdt (2007), the
classification and phylogeny of this genus is confusing and
needs new insights.
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Preceding studies on orchid seeds have demonstrated
the phylogenetic value of certain quantitative and quali-
tative characters (Clifford & Smith, 1969; Barthlott
& Ziegler, 1981; Tohda, 1983; Molvray & Kores, 1995).
In addition, recent publications (Gamarra & al., 2007;
Gamarra & al., 2008; Gamarra & al., 2012) emphasize
the strong support between the seed micromorphology
and the molecular analyses published in the subtribe
Orchidinae (Bateman & al., 2003).

Barthlott (1976) compared the seeds of the genera
Ophrys and Serapias, demonstrating the taxonomic value
of the seed shape and the tipology of the trabeculae in the
testa cells to distinguish both genera. Also, he mentioned
the difficulty of distinguishing the seeds within Ophrys.
Mrkvicka (1994) published qualitative and quantitative
data of O. apifera Huds., O. holosericea (Burm. fil.) Greuter,
O. insectifera L. and O. sphegodes Mill. Recently, Aybeke
(2007) has studied 8 taxa from southeastern mediterra-
nean countries, concluding that all taxa showed reticulated
surfaces in the testa cells.

The main aim of our survey is to study and analyse the
seed micromorphology of selected species of Ophrys, based
on qualitative and quantitative data. A statistical and a SEM
survey of seeds were conducted to investigate patterns of
infrageneric variability in the genus. Finally, to demonstrate
a correlation between our results and Ophrys lineages recog-
nised in previous publications on the basis of morphological
and molecular data.

MATERIAL AND METHODS

Seeds of 19 species were obtained from mature capsules
collected in the field. Fresh seeds were dried for at least
one month and stored in small paper envelopes. Specimens
for seed morphological analyses were deposited in the her-
baria MAUAM and CAG (acronyms according to Thiers,
2012). Voucher specimens, with their circumscription to
sections and groups according to Delforge (2006), are listed
in Table 1.

For scanning electron microscopy observations, the
samples were mounted on SEM stubs and coated with
gold in a sputter-coater (SEM Coating System, Bio-Rad
SC 502). The seeds were examined with a Philips XL30,
with a filament voltage of 20 kV. Qualitative data such
as seed shape and testa cell features (sculpturing, mor-
phology of cells and the anticlinal and periclinal walls)
were analysed. In addition, an average of 30 seeds from
each specimen were analysed using a light microscope,
previously mounted with PVA (polyvinilic alcohol).
Quantitative variables like seed size (length and width),
number of cells along the longitudinal axis, embryo mor-
phology and size (length and width), and seed colour
(in subjective terms) were recorded. Furthermore, the
length/width ratio (L/W), the percentage of free air
space and the seed and embryo volumes were estimated.
The terminology and methods adopted were those of
Arditti & al. (1979), Barthlott & Ziegler (1981), Molvray
& Kores (1995), Chase & Pippen (1988), Arditti &
Ghani (2000). Statistical analyses were performed by
SPSS 17 for Windows, after logarithmic transformation

of the volume data. Ward’s method with Euclidean
distances was conducted for cluster analysis.

RESULTS

Qqalitative data

In all the analyzed species, the seed shape is fusiform
(Fig. 1A), slightly wider in the middle or towards the apical
pole where the ellipsoidal embryo is located. Generally, the
seeds show a more or less truncated apical pole (Fig. 1B) and
an asymmetric basal pole (Fig. 1C). Cells of both poles are
polygonal and shorter (Fig. 1B-C), whereas medial cells are
elongated (Fig. 1D).

Medial testa cells are longitudinally oriented. They have
predominantly parallel ridges on their periclinal walls, rang-
ing in orientation from transversal to slanting (Fig. 2A-C).
Adhesion zones between cells show a distinct lamella (Fig. 2B).
Anticlinal walls are longitudinal and straight, strongly
raised, and the outer periclinal surface is generally concave
(Fig. 2C, D). Seed colour ranges from brown-yellowish to
dark brown. The embryo is brown in colour.

Quantitative data

Table 2 shows the length and width of seed and embryo,
the number of cells along the longitudinal axis, and the
length/width ratio. Average values of the seed and embryo
volumes, the percentage of free air space and the colour of
testa are shown in Table 3.

The maximum L/W ratio was observed in O. chestermani,
and the minimum in O. [utea, which agrees with the seed
length measurements. The number of testa cells along
the longitudinal axis varies from 4 to 8. In general, the
longest seeds have the highest number of testa cells.
The highest seed and embryo volume were measured in
O. dyris and O. scolopax, respectively. The lowest aver-
age values for these variables were found in O. sicula.
Fifteen of the species analysed had more than 70 % free
air space, however, in O. funerea and O. lutea, the values
did not exceed 50%.

The quantitative data do not verify the required
hypothesis for analysis of variance, because significant dif-
ferences in the standard deviations of the variables have
been found. Even, the coefficients of skewness and kur-
tosis indicate the absence of normality in some variables.
Analyzing the variables Sv (Seed volume) and Ev (Embryo
volume), the statistical analysis revealed that the spe-
cies fall into two groups. Higher volumes were found in
Ophrys dyris, O. dianica, O. chestermanii, O. eleonorae,
O. scolopax and O. morisii, and lower volumes in the rest
of taxa (Fig. 3).

Using Ward’s method with euclidean distance, two
large clusters were produced by the dendrogram (Fig. 4),
one including the subgroups A (Ophrys dyris-1, O.
dyris-2, O. dianica-7, O. chestermanii-17) and B (O. ele-
onorae-3, O. eleonorae-4, O. dianica-6, O. scolopax-18,
O. morisii-19), and the other with the subgroups C
(O. funerea-5, O. lutea-9), D (O. fusca-8, O. speculum-12,
O. bombyliflora-14, O. castellana-20, O. sphegodes-22,
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Table 1. List of selected species with voucher specimens and codes. Sections and groups according to Delforge (2006).

Species Section

Group

Voucher

O. funerea Viv.
O. fusca Link
O. eleonorae Devillers-Tersch. & Devillers

Pseudophrys  fusca

Pseudophrys iricolor

O. lutea Cav. Pseudophrys lutea

o

. sicula Tineo Pseudophrys  lutea

O. dyris Maire

O. vasconica (O. & E. Danesch) P. Delforge

]

. dianica M.R. Lowe & al.

Pseudophrys funerea

Pseudophrys omegaifera

Pseudophrys omegaifera
Pseudophrys subfusca

Italy, Sardinia: Laconi, A. Scrugli (CAG)

Spain, Badajoz: Los Santos de Maimona, R. Gamarra 227 (MAUAM)
Italy, Sardinia: Laconi, A. Scrugli (CAG)

Italy, Sardinia: Tuvumannu, A. Scrugli (CAG)

Spain, Cérdoba: Benameji - El Tejar, R. Gamarra 17 (MAUAM)
Italy, Sardinia: Laconi, A. Scrugli (CAG)

Spain, Toledo: Orgaz — Marjaliza, R. Gamarra 65 (MAUAM)
Spain, Toledo: Orgaz — Marjaliza, R. Gamarra 225 (MAUAM)
Spain, Navarra: Munarriz, P. Galan 4488 (MAUAM)

Spain, Alicante: Teulada, P. Galan 4303 (MAUAM)

Spain, Alicante: Benisiva — Planes, P. Galan 4304 (MAUAM)

O. apifera Huds. Ophrys apifera Italy, Sardinia: Laconi, A. Scrugli (CAG)

O. morisii (Martelli) Soo Ophrys argolica Italy, Sardinia: Laconi, A. Scrugli (CAG)

O. chestermanii (J.J. Wood) Golz & H.R. Reinhard  Ophrys bornmuelleri Italy, Sardinia, Domusnovas, A. Scrugli (CAG)

O. castellana Devillers-Tersch. & Devillers Ophrys incubacea Spain, Cuenca: Laguna del Marquesado, R. Gamarra 154 (MAUAM)
O. incubacea Bianca Ophrys incubacea Italy, Sardinia: Cagliari, A. Scrugli (CAG)

O. insectifera L. Ophrys insectifera Spain, Barcelona: Borreda, R. Gamarra 416 (MAUAM)

O. scolopax Cav. Ophrys scolopax Spain, Madrid: Reduena, R. Gamarra 372 (MAUAM)

O. speculum Link Ophrys speculum Italy, Sardinia: Laconi, A. Scrugli (CAG)

O. sphegodes Mill. Ophrys sphegodes Spain, La Rioja: Fonzaleche, P. Galan 4490 (MAUAM)

O. bombyliflora Link Ophrys tenthredinifera  Italy, Sardinia: Tuvixeddu, A. Scrugli (CAG)

O. vasconica-11) E(O. sicula-10) and F (O. insectifera-15,
O. apifera-16, O. tenthredinifera-13, O. incubacea-21).

DISCUSSION

Our micromorphological study reveals a strong concor-
dance in the qualitative features of the seeds in the genus
Ophrys. The fusiform shape has been observed in many gen-
era of the subtribe Orchidinae (Barthlott & Ziegler, 1981;

Mrkvicka, 1994; Gamarra & al., 2007; Gamarra & al., 2012).
We have found a set of characters which allow us to recog-
nise the seeds as Ophrys-type. These are characterized by the
asymmetry of the basal pole, the strong concavity of the testa
cells with raised anticlinal walls and a distinct lamella. If we
compare with the variation observed in other genera, this
suite of qualitative data support the monophyly of the genus.
Furthermore, all the species show the same sculpture pat-
tern of the periclinal walls, with parallel ridges, only varying

Fig. 1. A. Seed shape of Ophrys speculum (scale bar=100 pm). B. Apical pole of O. incubacea (scale bar=50 pm). C. Basal pole of O. scolopax

(scale bar=50 pm). D. Medial cells of O. speculum (scale bar=20 pm).
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Fig. 2. A. Periclinal walls of the medial cells with slanting ridges in Ophrys morisii (scale bar=20 ym). B. Adhesion zones with lamella in O. vasconica
(scale bar=20 pm). C. Basal pole of O. tenthredinifera (scale bar=50 um). D. Anticlinal and periclinal walls of medial cells showing the strong concavity

of testa cells in O. scolopax (scale bar=50 pm).

in the orientation, from transverse to slanting. This feature
is not congruent with the observation of the reticulate sur-
face described by Aybeke (2007). Barthlott (1976) states that
testa cells of Ophrys can be clearly distinguished of those

of Serapias, which show slanting, dense and thin ridges in
the periclinal walls. The clear separation with related gen-
era is not mirrored in within-genus variation. In Ophrys,
unlike other genera such as Dactylorhiza Neck. ex Nevski

Table 2. Average values of length and width of seed and embryo, length/width ratio of the seed, and number of cells along the longitudinal axis of

the taxa analysed.

Ratio length/ Number  embryo length  embryo Width
Species Code seed length (um) seed Width (um) width of cells (pm) (pm)
O. dyris 669.83+93.19 206.5+£22.71 3.24+0.70 5-7 155.33+4.38 110+£10.42
O. dyris 2 625.17+65.91 185.67+27.88 3.37+0.65 5-7 154.83+12.63 106.67+12.48
O. eleonorae 3 511.17+67.72 173.17+21.83 2.95+0.60 5-6 154.17+£24.25 115.83+£17.47
O. eleonorae 4 591.67+64.24 169+17.78 3.50+0.15 5-7 155.33+14.26 115.33+12.66
O. funerea 5 302.17+29.53 106.5+14.21 2.85+0.15 4-6 116.5+12.87 89.83+11.41
O. dianica 6 567.33+70.22 176.67+£19.31 3.21+0.70 5-6 155.33+10.16 115.83+£10.91
O. dianica 7 570+84.12 185.83+21.74 3.06+0.16 5-6 155+13.58 105.33+14.32
O. fusca 8 368.17+53.38 153+18.08 2.41+0.45 4-6 130+9.10 100.67+7.96
O. lutea 9 247.67+42.32 142.17+20.12 1.74+0.41 4-6 130.5£14.28 106+11.92
O. sicula 10 327.67+35.13 89.17+£12.18 3.67+0.67 5-7 122+10.95 69+7.70
O. vasconica 1 350.90+56.58 150.57+24.74 2.40+0.58 4-6 124.35+13.78 87.05+13.78
O. speculum 12 325+25.26 114.83+10.13 2.83+0.29 5-6 106.83+7.71 84.5+8.34
O. tenthredinifera 13 483.83+60.51 145.17+11.56 3.33+0.51 5-7 129.5+£12.48 93.5+11.61
O. bombyliflora 14 415.21+35.62 129.57+15.96 3.25+0.50 5-7 110.52+28.98 77.99+22.77
O. insectifera 15 481+55.04 146.67+17.68 3.28+0.41 5-7 132.33+11.04 103.33+7.80
O. apifera 16 495.17+79.97 140.83+£11.22 3.52+0.57 5-7 131+10.78 101.17+£8.97
O. chestermanii 17 740.33+98.92 174.82+25.26 4.30+0.73 6-8 161.24+22.40 114.89+15.98
O. scolopax 18 560.83+92.35 171.5+28.53 3.27+0.10 4-6 153.5+27.86 120.33+23.37
O. morisii 19 516.83+42.35 164.83+19.14 3.13+0.43 4-6 159.5£14.70 119.33£11.50
O. castellana 20 306.33+52.31 136.17+19.55 2.25+0.49 5-7 101.67+9.85 83.33+7.58
O. incubacea 21 518.49+62.01 135.53+17.47 3.87+0.59 6-8 122.89+11.57 83.74+12.88
O. sphegodes 22 322.02+50.83 125.23+17.16 2.59+0.38 4-6 131.67+21.51 88.38+£15.84
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Table 3. Average values of seed and embryo volumes, percentage of free air space, and colour of the testa of the taxa analysed.

Species Code seed volume (mm?) embryo volume (mm>) % free air space Colour

O. dyris 1 7.47£1.65 0.98+0.24 86.83+3.66 Brown

O. dyris 2 5.64+1.66 0.92+0.25 83.65+5.63 Brown

O. eleonorae 3 4.01+0.99 1.08+0.50 73.01+12.98 Brown-yellowish
O. eleonorae 4 4.64+1.32 1.11+0.35 73.01+12.98 Brown-yellowish
O. funerea 5 0.93+0.35 0.51+0.18 44.98+4.53 Dark brown

O. dianica 6 4.89+1.50 1.11+0.29 76.65+4.92 Brown

O. dianica 7 5.38+1.99 0.93+0.31 82.38+2.14 Brown

O. fusca 8 2.26+0.63 0.69+0.14 69.43+11.06 Brown

O. lutea 9 1.31£0.44 0.77+0.23 41.41£14.45 Dark brown

O. sicula 10 0.68+0.19 0.31+0.07 54.74+5.44 Dark brown

O. vasconica 11 2.10+0.67 0.52+0.22 72.84+15.20 Brown-yellowish
O. speculum 12 1.12+£0.23 0.40+0.10 64.40+7.66 Dark brown

O. tenthredinifera 13 2.67+0.49 0.59+0.17 77.79+7.11 Brown-yellowish
O. bombyliflora 14 1.84+0.43 0.42+0.29 78.14+14.26 Brown-yellowish
O. insectifera 15 2.71+0.89 0.75+0.17 71.24+8.18 Brown-yellowish
O. apifera 16 2.60+0.64 0.70+0.17 73.01+6.49 Brown

O. chestermanii 17 6.09+2.01 1.13+0.33 79.98+7.09 Brown-yellowish
O. scolopax 18 4.66+2.32 1.29+0.75 72.97+£4.72 Brown

O. morisii 19 3.67+0.96 1.19+0.30 67.65+9.04 Brown-yellowish
O. castellana 20 1.49+0.60 0.38+0.10 72.17+11.86 Brown-yellowish
O. incubacea 21 2.55+0.76 0.47+0.16 80.99+6.11 Brown-yellowish
O. sphegodes 22 1.37+0.49 0.56+0.24 58.00+12.83 Brown-yellowish

(Averyanov, 1990), Anacamptis and Orchis (Gamarra & al.,
2012), the qualitative data observed in seeds do not support
the distinction of infrageneric levels.

According to our statistical results two large clusters,
based on the size of seed and embryo volumes, have been
found. These clusters appear subdivided into six minor
groups. Taxa of the sections Pseudophrys and Ophrys appear
in both clusters, although a great number of the taxa analysed
in the section Ophrys showed lower volumes. Furthermore,
species ascribed to the same group by Delforge (2006) appear
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Fig. 3. Scatter plot showing the relation between seed volume (Sv) and
embryo volume (Ev) in Ophrys seed. Dot numbers: 1, 2 O. dyris; 3, 4
O. eleonorae; 5 O. funerea; 6, 7 O. dianica; 8 O. fusca; 9 O. lutea; 10
O. sicula; 11 O. vasconica; 12 O. speculum; 13 O. tenthredinifera; 14
O. bombyliflora; 15 O. insectifera; 16 O. apifera; 17 O. chestermanii,
18 O. scolopax; 19 O. morisii; 20 O. castellana; 21 O. incubacea; 22 O.
sphegodes.

in different groupings in our clusters, such as O. bombyliflora
and O. tenthredinifera, or O. castellana and O. incubacea. Our
results are not congruent with the minor clades obtained by
molecular analysis of the genus Ophrys (Soliva & al., 2001;
Bateman & al., 2003; Bernardos & al., 2005).

According to previous molecular analyses (Bateman & al.,
2003; Inda & al., 2012), genera of the subtribe Orchidinae
such as Serapzas or Neotinea Rchb. fil., with higher bootstrap
values, show a common micromorphological pattern of testa

Dendrogram
Ward method, Euclidean square
240 4
200 |- 1
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a f
80 ]
°F r—g l =5 =4 ]
0k

1271731918 4 6 5 9 8112212201410 1315 16 21
Long seeds Short seeds

Fig. 4. Dendrogram showing the clustering of the taxa analysed. Ward's
method was used to determine the Euclidean distance. Explanation of
plot numbers: 1,2 O. dyris; 3,4 O. eleonorae; 5 O. funerea; 6,7 O. dianica;
8 O. fusca; 9 O. lutea; 10 O. sicula; 11 O. vasconica; 12 O. speculum; 13
O. tenthredinifera; 14 O. bombyliflora; 15 O. insectifera; 16 O. apifera;
17 O. chestermanii; 18 O. scolopax; 19 O. morisii; 20 O. castellana; 21
O. incubacea; 22 O. sphegodes.
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cells (Barthlott, 1976; Gamarra & al., 2007). On the opposite,
in genera such as Anacamptis, Orchis and Dactylorhiza, with
lower bootstrap values, the testa cells show qualitative dif-
ferences which allow recognition of infrageneric groups
(Averyanov, 1990; Gamarra & al., 2012). In the genus Ophrys,
our results are congruent with the high bootstrap value
obtained by Bateman & al. (2003) and Inda & al. (2010).
In contrast with the species richness and the high diversity
of floral characters, the homogeneous micromorphological
pattern of testa cells found in Ophrys is also supportive of
the recent radiation and rapid colonization proposed for
the evolution of this genus along the Mediterranean basin
(Soliva & al., 2001; Amich & al., 2007).
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