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Abstract: A cytotaxonomical description of Cyclopogon (Spiranthinae, Orchidaceae) is carried out through a deep kary-
otype analysis of four species from NE Argentina. Distinctive karyotype parameters concerning the chromosomes number,
morphology, size and symmetry and the genome size associate to each taxon. Cyclopogon calophyllus (2n = 2z =28,;
18m + 10sm), C. congestus (2n = 2z = 32; 26m + 6sm), C. elatus (2n = 2z = 28; 18m + 10sm) and C. oliganthus
(2n = 4z = 64; 40m + 24sm) possess symmetrical karyotypes (i-mean = 40.01-42.84; A; = 0.24-032; r>2 = 0.06-0.29)
and excluding C. congestus (A2 = 0.26; R = 2.62) unimodality is the rule (A2 = 0.12-0.20; R = 1.73-1.92). Diploid taxa
show a terminal macrosatellite in the m pair no. 2 (large arm) and share a comparable mean chromosome length (ca.
2.75 um) and genome size (ca. 40 pm), superior to the tetraploid C. oliganthus (ca. 2 and 32 pm, respectively). The novel
data added to preceding cytological, morphological and molecular approaches involving Cyclopogon and those related taxa
of Spiranthinae largely based on z = 23 support the hypothesis that the unusual 2n and the karyotype morphology of
Cyclopogon is an evolutionary advance within Spiranthinae with a basic reduction to z = 14 or 16 by chromosome fusions.
A polyploid-dysploid series added to dibasic hybridization explain the extant 2n diversity though a paleopolyploid series

on z = 7-8 is also possible.
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Introduction

Cyclopogon C. Presl is a widely distributed American
genus of spiranthoid orchids, comprising ca. 55 to 70
terrestrial and rarely epiphytic species, with a main
diversity center in Bolivia, Brazil, Ecuador and Peru
though reaching to México, Guatemala, Cuba and Ar-
gentina (Correa 1955; Felix & Guerra 2005). In Ar-
gentina 8 to 9 species of Cyclopogon are recorded lim-
ited to the northern, eastern and central regions of the
country, usually showing intra and interspecific diver-
sity regarding to the colour of the leaves and the plant
morphology (Correa 1996; Johnson 2001; Insaurralde &
Radins 2007).

Cyclopogon is one of the main genera in the sub-
tribe Spiranthinae which is important for horticulture,
however there is little information available in the lit-
erature. Karyological data in Cyclopogon is scarce with
only eight species from N Argentina, Brazil and Peru
chromosomally studied, displaying a wide diversity in
chromosome numbers and ploidy levels ranging from 2n
= 28 to 66 (Martinez 1981, 1985; Tanaka & Maekawa
1983; Felix & Guerra 2005; Davina et al. 2009). Meiotic
analysis carried out in five taxa of this genus show-
ing 2n = 28, 32 or 64 chromosomes found a regular
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behaviour and n = 14, 16 or 32 bivalents exclusively,
respectively (Martinez 1981; Cerutti et al. 2004; Fe-
lix & Guerra 2005; Grabiele et al. 2011a). Neverthe-
less, a deep karyotipic characterization of Cyclopogon
is still missing with some contributions made by Mar-
tinez (1981, 1985), Tanaka & Maekawa (1983), Felix &
Guerra (2005) and Davifia et al. (2009) which a pri-
ori reveal primary structural differences respecting the
related taxa in Spiranthinae largely based on z = 23
(Grabiele et al. 2010, 2011b). However, questions of the
origins of the observed chromosome numbers diversity,
the fundamental karyotipic differences and the basic
chromosome number of Cyclopogon remain unsolved.

The present work encompass the first extensive cy-
totaxonomical description of Cyclopogon, carrying out
a deep karyotype analysis of four species from NE Ar-
gentina displaying diverse chromosome numbers and
ploidy levels, that support in the understanding of the
chromosome evolution in this distinctive genus of spi-
ranthoid orchids.

Material and methods

Four species of Cyclopogon from NE Argentina were chro-
mosomally characterized. Voucher specimens were deposited
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Table 1. Chromosome numbers (2n), locality and geographical coordinates, voucher specimens and herbaria of Cyclopogon species

studied.

Cyclopogon calophyllus (Barb. Rodr.) Barb. Rodr., 2n = 28. Misiones Province, Capital Department, Posadas, at the coast of
Parana river, 27°21’S, 56°00'W, Cerutti 74 (MNES); Corrientes Province, Ituzaingé Department, Garapé, at the coast of

Parana river, 27°36’S, 56°22'W, Cerutti 28 (MNES)

Cyclopogon congestus (Vell.) Hoehne, 2n = 32. Misiones Province, San Ignacio Department, at the coast of Yabebiry stream,
27°18'S, 55°34’W, Almada & Cerutti 150 (MNES); Misiones Province, Cainguas Department, Aristébulo del Valle, Parque
Provincial Salto Encantado del Valle del Cun4 Piru, 27°05’S, 54°57'W, Hojsgaard 192 (MNES); Misiones Province, San Pedro
Department, Parque Provincial Mocon4, at the coast of Uruguay river, 27°09’S, 53°54’W, Hojsgaard 306 (MNES)

Cyclopogon elatus (Sw.) Schltr., 2n = 28. Misiones Province, Capital Department, Garup4d, at the coast of Garupa stream, Cerutti,

Grabiele & Hojsgaard 72 (MNES); Misiones Province, Apdstoles Department, Apdstoles, at the coast of Chimiray stream,
27°54'S, 55°49'W, Hojsgaard, Cerutti & Grabiele 341 (MNES); Corrientes Province, Capital Department, Corrientes, at the

coast of Parana river, 27°27’S, 58°48'W, Lirussi 708 (MNES)

Cyclopogon oliganthus (Hoehne) Hoehne & Schltr., 2n = 64. Misiones Province, Apdstoles Department, Apdstoles, at the coast of
Chimiray stream, 27°54’S, 55°49’W, Hojsgaard, Cerutti & Grabiele 339 (MNES); Misiones Province, Capital Department,
Miguel Lants, close to swamp of Zaimén stream, 27°26’S, 55°53’W, Cerutti, Grabiele & Hojsgaard 71 (MNES, CTES)

at the herbarium of the Universidad Nacional de Misiones
(MNES) and some duplicates at the Instituto de Botanica
del Nordeste herbarium (CTES).

Mitotic studies were performed in root tips pretreated
with saturated 1l-bromonaphthalene for 2-3 hrs at room
temperature, fixed in absolute ethanol : glacial acetic acid
(3:1) for 12 hrs at 4°C and stained according to the Feul-
gen technique. The meristems were macerated in a drop of
2% aceto-orcein and then squashed. Permanent slides were
made using euparal as a mounting medium. Slides were an-
alyzed with a Leica DMLS optical photomicroscope, pho-
tographs were taken with Imagelink HQ 25 ASA Kodak film,
and negatives were digitalized with a Genius ColorPage-
HRS8 scanner.

The karyotype description and nomenclature followed
Levan et al. (1964): the chromosomes were arranged in
groups according to the position of the centromere (meta-
centric, m; submetacentric, sm; subtelocentric, st) estimated
through the centromeric index (i) and in order of decreas-
ing size in each class. Satellites were classified according to
Battaglia (1955). At least ten best metaphases were selected
for making idiograms. The lengths of chromosome arms and
satellites were measured on drawings made with a camera
lucida (x2600). Karyotype symmetry was estimated using
the A1 and Az asymmetry indexes of Romero Zarco (1986),
as well as the R and r>2 asymmetry indexes to determine
the categories of Stebbins (1971).

Results and discussion

Four species of Cyclopogon representing half of the taxa
of the genus in NE Argentina (Correa 1996) were kary-
otypically characterized in depth for the first time: Cy-
clopogon calophyllus (Barb. Rodr.) Barb. Rodr., Cy-
clopogon congestus (Vell.) Hoehne, Cyclopogon ela-
tus (Sw.) Schltr. and Cyclopogon oliganthus (Hoehne)
Hoehne and Schltr. Chromosome numbers (2n), locality
and geographical coordinates, voucher specimens and
herbaria of species studied are summarized in Table 1.
In addition, Table 2 sums up the karyotype parameters
of studied taxa and Table 3 provides a review of the
cytogenetic data obtained in Cyclopogon to date. Se-
lected photomicrographs of the chromosomes and the
idiograms of the four species are shown in Figs 1la—d and
2a—d, respectively. The supplemental data summarizes

the quantitative parameters of chromosomes of studied
taxa.

Cyclopogon calophyllus is a rare terrestrial orchid
of the understory of subtropical forests of Argentina,
where it is limited to Jujuy, Misiones and Corrientes
Provinces, SE Brazil and Bolivia (Correa 1996; Johnson
2001; Insaurralde & Radins 2007). It is a diploid taxon
with 2n = 28 chromosomes. In agreement, Davina et
al. (2009) reported the same number and Grabiele et
al. (2011a) found a regular meiotic behavior and n =
14 bivalents for these Argentinian accessions of C. calo-
phyllus. The karyotype, composed by 18 m + 10sm chro-
mosomes, is unimodal (A2 = 0.20; R = 1.92) and sym-
metrical (4; = 0.32; r>2 = 0.29; ¢ = 40.01) and belongs
to Stebbins’ category 2A; the pair no. 2 (m) carries a
terminal macrosatellite in the large arm. The chromo-
some length ranges from 2.20 um (m) to 4.23 pm (sm)
with a mean of 3.05 um; the total chromosome length
is 85.25 um and 42.65 pm the genome size.

Cyclopogon congestus is present at the northern re-
gions of Argentina, in the subtropical forests of Jujuy,
Salta, Tucuman and Misiones Provinces, and extends
into neighboring countries such as Brazil, Paraguay and
Uruguay (Correa 1996; Johnson 2001); it possesses a
particular habit, which is commonly terrestrial but of-
ten epiphytic, growing at medium height on rocks and
tree trunks (Johnson 2001). It is a diploid taxon show-
ing 2n = 32 chromosomes. In agreement, Davina et al.
(2009) reported the same number for these Argentinian
accessions of C. congestus. Other counts in plants from
Misiones constantly established 2n = 32 additionally
to n = 16 bivalents [Martinez 1981; as Beadlea con-
gesta (Vell.) Garay, Martinez 1984] with the exception
of a unique cytotype of 2n = 28 chromosomes (Mar-
tinez 1981; see below). Also, a cytotype of 2n = 36
was reported by Tanaka & Maekawa (1983) from Peru-
vian Andes mountains accessions of C. congestus. The
karyotype, composed by 26m + 6sm chromosomes, is
slightly bimodal (4s = 0.26; R = 2.62) and symmet-
rical (A; = 0.24; r>2 = 0.06; ¢ = 42.84) and belongs
to Stebbins’ category 2B; the pair no. 2 (m) carries a
terminal macrosatellite in the large arm. The chromo-
some length ranges from 1.48 um (m) to 3.87 pm (m)
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Fig. 1. Somatic chromosomes of Cyclopogon species studied. a —
C. calophyllus, 2n = 28; b — C. elatus, 2n = 28; ¢ — C. congestus,
2n = 32; d — C. oliganthus, 2n = 64. The asteriks point out the
macrosatellites. Bar = 5 um.

with a mean of 2.41 pum; the total chromosome length is
77.06 um and 38.53 um the genome size. The coexist-
ing terrestrial and epiphytic accessions of C. congestus
studied here did not show any morphological and kary-
otypic differences, so it is fair to consider them as a
single taxon. In agreement with our results, Martinez
(1981, 1985) found a comparable karyotype morphology
for the cytotype with 2n = 32 chromosomes. Moreover,
the cytotype 2n = 36 (Tanaka & Maekawa 1983) dis-
played a bimodal and symmetrical karyotype, with two
large m and thirty-four median to small size m, sm,

Fig. 2. Idiograms of Cyclopogon species studied. a — C. calophyl-
lus, 18m + 10sm; b — C. elatus, 18m + 10sm; ¢ — C. congestus,
26m + 6sm; d — C. oliganthus, 40m + 24sm. Bar = 1 pum.

and st chromosomes varying from 5 to 1 um in length,
which is hard to be related to the typical cytotype of
C. congestus.

Cyclopogon elatus is a widely distributed polymor-
phic orchid of varied habit that occupies the understory
of tropical and subtropical forests from North and Cen-
tral America to Uruguay and northern, eastern and cen-
tral regions of Argentina (Correa 1955, 1996; Johnson
2001; Tropicos.org 2012). It is a diploid species display-
ing 2n = 28 chromosomes. In agreement, Davina et al.
(2009) reported the same number and Cerutti et al.
(2004) found a regular meiotic behavior and n = 14
bivalents for these Argentinian accessions of C. elatus.
Other counts in this taxon found n = 14 bivalents and
2n = 28 for NE Argentina plants, in addition to 2n =
30 and 2n = 45 (457, see below) for Brazilian and Mi-
siones materials, respectively (Martinez 1981) added to
2n = 28 from NE Brazil populations (Felix & Guerra
2005). The karyotype, composed by 18m + 10sm chro-
mosomes, is unimodal (A2 = 0.17; R = 1.82) and sym-
metrical (A4; = 0.28; r > 2 = 0.21; ¢ = 41.22) and
belongs to Stebbins’ category 2A; the pair no. 2 (m)
carries a terminal macrosatellite in the large arm. The
chromosome length ranges from 2.06 um (m) to 3.75 um
(sm) with a mean of 2.81 pum; the total chromosome
length is 78.61 um and 39.31 um the genome size. In
agreement with our results, Martinez (1981) and Felix
& Guerra (2005) found a comparable karyotype mor-
phology for the cytotype with 2n = 28 chromosomes
of C. elatus. According to Correa (1955) and Johnson
(2001), in the natural environment C. elatus is morpho-
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Table 2. Karyotype parameters of Cyclopogon species studied.
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C. calophyllus C. elatus C. congestus C. oliganthus
T 14 14 16 32
2n 28 28 32 64
Ploidy level 2x 2x 2x 4x
Karyotype formula 18m+10sm 18m+10sm 26m-+6sm 40m~+24sm
TCL 85.25 um 78.61 pm 77.06 pm 126.69 pm
Genome size 42.65 pm 39.31 um 38.53 pum 31.68 um
c 3.05 pum 2.81 ym 2.41 pm 1.98 pm
C-max 4.23um-sm 3.75 pm-sm 3.87 um-m 2.38 pm-m, sm
c-min 2.20 pm-m 2.06 pm-m 1.48 pm-m 1.38 um-m
i 40.01 41.22 42.84 41.43
Aq 0.32 0.28 0.24 0.28
Az 0.20 0.17 0.26 0.12
R 1.92 1.82 2.62 1.73
r>2 0.29 0.21 0.06 0.16
Stebbins’ category 2A 2A 2B 2A

z, basic chromosome number; 2n, sporophytic chromosome number; TCL, total chromosome length; ¢, mean chromosome length;
C-max, largest chromosome length; c-min, shortest chromosome length; i, mean centromeric index; A1, intrachromosomal asymmetry
index; As, interchromosomal asymmetry index; R, ratio of largest/shortest chromosome pairs; r>2, proportion of chromosome pairs

with arm ratio >2.

logically close to C. calophyllus and C. congestus. So the
unusual cytotype of 2n = 28 chromosomes reported for
an accession of C. congestus from Misiones (Martinez
1981) could probably be related to a misleading tax-
onomical determination. Furthermore, Martinez (1981)
found that the cytotype 2n = 30 with small size chromo-
somes of C. elatus from Brazil is morphologically close
to C. congestus and suggested a dibasic hybridization as
the cause. Regarding the cytotype 2n = 45 of C. elatus
reported by Martinez (1981), just 2n = 44 chromosomes
can be counted from the metaphase plate displayed in
the original article. By the way, this accession has small
size chromosomes and it is barely less unimodal than
the common 2n = 28 cytotype of C. elatus. The high
and unusual chromosome number led Martinez (1981)
to propose a probable origin of that cytotype through-
out dibasic hybridization added to poliploidization.

Cyclopogon oliganthus is a terrestrial taxon of
marked peat habit that lives in Argentina, restricted to
the subtropical forests of Salta, Corrientes and Misiones
Provinces, and Brazil (Correa 1996; Tropicos.org 2012);
it is small sized and often coexists with other species of
the genus in the forests bordering rivers and streams. It
is a tetraploid taxon with 2n = 64 chromosomes. In ac-
cordance, Davifia et al. (2009) reported the same num-
ber and Grabiele et al. (2011a) found a regular meiotic
behaviour and n = 32 bivalents for these Argentinian
accessions of C. oliganthus. The karyotype, composed
by 40m + 24sm chromosomes, is unimodal (A; = 0.12;
R = 1.73) and symmetrical (4; = 0.28; r>2 = 0.16; 7 =
41.43) and belongs to Stebbins’ category 2A. The chro-
mosome length ranges from 1.38 um (m) to 2.38 pum
(m, sm) with a mean of 1.98 um; the total chromosome
length is 126.69 um and 31.68 um the genome size. The
arrangement of the chromosomes in the haploid kary-
otype suggest that C. oliganthus is autotetraploid in
origin however this is not entirely convincing since chro-
mosome rearrangement can occur during poliploidiza-
tion events (Soltis & Soltis 1999).

The obtained karyotype parameters allow a sim-

ple distinction of the four taxa of Cyclopogon ana-
lyzed here, even when C. calophyllus and C. elatus
share the same karyotype formula (Table 2) and for
this reason acquire a great cytotaxonomical value, en-
hanced by their similarities at the morphological level.
Diploid taxa share a similar mean chromosome length
(ca. 2.75 um) and genome size (ca. 40 pm), both of
which are higher than those of the tetraploid C. oli-
ganthus (ca. 2 um and ca. 32 pm, respectively), as is
expected for polyploid taxa. Regarding to the position
of the centromere all the taxa possess symmetrical kary-
otypes as evidenced by their A;, 7 and r>2 intrachromo-
somal asymmetry indexes values. In addition, consider-
ing the relative chromosomes size the whole taxa but
C. congestus have unimodal karyotypes as supported
by the low values of their A and R interchromosomal
asymmetry indexes.

On the other hand, the cytotaxonomical value
of the obtained karyotype parameters exceeds Cyclo-
pogon. According to Johnson (2001), in vegetative state
and lacking the particular striped leaves, C. calophyl-
lus can be confused with Mesadenella cuspidata (Lindl.)
Garay, however the later has a distinct karyotype mor-
phology (2n = 46; 38m + 8sm; Grabiele et al. 2011b).

Karyological data in Cyclopogon is scarce with only
eight out of fifty-five to seventy species from N Ar-
gentina, Brazil and Peru chromosomally studied, dis-
playing a wide diversity in chromosome numbers and
ploidy levels, 2n = 28, 30, 32, 36, 45, 56, 64, 66 (Ta-
ble 3; this work). Meiotic analysis carried out in five
taxa of this genus showing 2n = 28, 32 or 64 chromo-
somes found a regular behaviour and n = 14, 16 or 32
bivalents exclusively, respectively (Table 3). Moreover,
an extensive review of Cyclopogon cytogenetics revealed
the presence of symmetrical karyotypes, in which most
of the chromosomes are m to sm; in addition, small
to median size chromosomes never exceeding 5 pum in
length are common together with unimodal karyotypes,
but bimodality due to a few large chromosome pairs is
also present (Table 3, this work) without reaching the
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Table 3. Review of the cytogenetic

data obtained in Cyclopogon to date.

Taxa n  2n Locality and References

Observations*

C. argyrifolius Barb. 32 Brasil. Martinez (1981)

Rodr.

C. calophyllus (Barb. 14 II 28 Argentina. Davifia et al.
Rodr.) Barb. Rodr. (2009), Grabiele et al. (2011a)
C. chloroleucus Barb. 36 Brasil. Felix & Guerra (2005)
Rodr.
C. congestus (Vell.) 32 Argentina. Davina et al.
Hoehne (2009)
16 IT 32 Argentina. Martinez (1981,
1985)
28 Argentina Martinez (1981)
36 Peru. Tanaka & Maekawa
(1983)
C. elatus (Sw.) Schltr. 14 II 28 Argentina. Cerutti et al.
(2004), Davina et al. (2009)
14 II 28 Argentina. Martinez (1981)
30 Brasil. Martinez (1981)
45 Argentina. Martinez (1981)
28 Brasil. Felix & Guerra (2005)
C. elegans Hoehne 56 Argentina. Martinez (1981)
66 Brasil. Martinez (1981)
C. multiflorus Schltr. 14 II 28 Brasil. Felix & Guerra (2005)
C. oliganthus 32 IT 64 Argentina. Davina et al.

(Hoehne) Hoehne &
Schltr.

(2009), Grabiele et al. (2011a)

Small size chromosomes
Regular meiotic behaviour. Median size chromosomes

4 large m carrying macrosatellites at their large arms, as in this
work accessions of C. calophyllus, C. congestus, and C. elatus, and
32 median size m to sm chromosomes. Symmetrical and slightly
bimodal karyotype

Median size chromosomes

Regular meiotic behaviour. Small size chromosomes and bimodal
karyotype. Similar karyotype morphology to this work accessions
of C. congestus

Small size chromosomes
2 large m and 34 median to small size m, sm, and st chromosomes
varying from 5-1 pm. Symmetrical and bimodal karyotype

Regular meiotic behaviour. Median size chromosomes.

Small size m to sm chromosomes and unimodal karyotype. Similar
karyotype morphology to this work accessions of C. elatus

Small size chromosomes
Small size chromosomes. Barely less unimodal than 2n = 28 cyto-
type of C. elatus

Median size m to sm chromosomes and unimodal karyotype. Simi-
lar karyotype morphology to this work accessions of C. elatus

Small size chromosomes

Small size chromosomes. Bimodal karyotype

Regular meiotic behaviour. 28 m to sm chromosomes
Regular meiotic behaviour. Median size chromosomes

n, gametic chromosome number; 2n, sporophytic chromosome number; II, bivalents; *Made from the original authority and our own

review of the original article

extreme values than in related genera of spiranthoid
orchids (Grabiele et al. 2010, 2011D).

Subtribe Spiranthinae includes ca. 400 species of
which less than fifty of them were chromosomally stud-
ied to date showing a preponderance of x = 23 and bi-
modal karyotypes with one or a few chromosome pairs
quite larger than the rest (Martinez 1981, 1985; Felix &
Guerra 2005; Davifia et al. 2009; Grabiele et al. 2010,
2011b). Morphological and molecular approaches to cir-
cumscribe Spiranthinae supported the inclusion of Cy-
clopogon as a sister group of Pelexia Poit. ex Lindl. and
Sarcoglottis C. Presl within the Pelexia clade, which
in turn is sister to the Stenorrhynchos clade, that em-
braces Fltroplectris Raf., Mesadenella Pabst and Gary,
Sacoila Raf. and Skeptrostachys Garay (Salazar et al.
2003, 2009; Figueroa et al. 2008). Pelexia clade and
Stenorrhynchos clade are also well sustained by defined
cytological markers and all the taxa but Cyclopogon
commonly display 2n = 46 and bimodal karyotypes
with lower mean chromosome lengths than taxa with
2n = 28 or 32 cytotypes of Cyclopogon (ca. 1.85 um
vs. ca. 2.75 pm, respectively) however sharing a com-
parable genome size of ca. 40 pm (Davifia et al. 2009;
Grabiele et al. 2010, 2011b, this work). The combined
evidence supports the hypothesis that the unusual chro-
mosome numbers and the karyotype morphology of Cy-

clopogon is an evolutionary advance within Spiranthi-
nae, and also suggests a number reduction in this genus
from x = 23 by means of chromosome fusions. In this re-
gard, chromosome fusion/fission mechanisms could still
be active in extant taxa of Cyclopogon, since the kary-
otype of C. congestus (2n = 32, 26m + 6sm) mainly
differentiate from those of C. callophylus and C. ela-
tus (2n = 28, 18m + 10sm) for the presence of four
additional small m chromosomes (nos. 10-13) in the
former instead of the typical large sm chromosomes
nos. 10 and 11 in the latter taxa. However, a strong
number reduction from z = 23 without implying chro-
mosome fusions is achievable for the singular FEltro-
plectris schelechteriana (Porto & Brade) Pabst (2n =
26; Davifia et al. 2009) which lost 20 of the 44 typ-
ical small m to sm chromosomes of Stenorrhynchos
clade taxa, emphasizing the multisomic structure re-
lated to polyploidy in the cluster, but preserves the
characteristic bimodal karyotype organization of the
group due to the exceptionally large pair that car-
ries the NOR (Grabiele et al. 2010, 2011b). Other re-
lated case of number reduction from z = 23 appar-
ently not involving chromosome fusions concerns Styg-
matosema polyaden (Vell.) Garay placed in Cyclopogo-
ninae Szlach. (Szlachetko 1995; more or less Pelexia
clade) with 2n = 40 small chromosomes ranging from
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1 pm to 2.5 pm and unimodal karyotype (Davifia et al.
2009).

In any case, the chromosomes number diversity
found in Cyclopogon could be explained in terms of a
paleopolyploid series derived from z = 23 and based
primarily on z = 7 (n = 14, 21, 28, 35) or z = 8 (n =
16, 24, 32) added to dysploidy at each level and dibasic
hybridization events. On the other hand, a similar pro-
posal of a polyploid-dysploid series but based primarily
on z = 14 or x = 16 together with dibasic hybridization
is a possible alternative, even more taken into account
the comparable genome sizes between those Cyclopogon
displaying 2n = 28 or 32 cytotypes and the related taxa
with z = 23 of Spiranthinae. In this regard, the exclu-
sive diploidized meiotic behaviour found in the genus
supports equally to both propositions.
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Quantitative parameters of chromosomes of Cyclopogon species studied.

Pair s-um(SE) lpm(SE) c-pm(SE) i RL% Type
Cyclopogon calophyllus

1 1.82(0.06) 2.33(0.05) 4.15(0.08) 43.8 9.7 m

2 1.47(0.05) 1.95(0.02) 3.41(0.10) 43.0 8.0 m-sat
3 1.41(0.03) 1.84(0. 06) 3.25(0.01) 43.3 7.6 m
4 1.25(0.03) 1.78(0.03) 3.03(0.02) 41.3 7.1 m
5 1.26(0.06) 1.61(0.02) 2.87(0.01) 43.9 6.7 m
6 1.31(0.03) 1.43(0.01) 2.74(0.01) 47.8 6.4 m
7 1.17(0.04) 1.35(0.05) 2.51(0.03) 46.4 5.9 m
8 1.08(0.05) 1.26(0.08) 2.34(0.04) 46.2 5.5 m
9 0.96(0.03) 1.24(0.06) 2.20(0.02) 43.7 5.2 m
10 1.24(0.03) 2.99(0.03) 4.23(0.01) 29.3 9.9 sm
11 1.15(0.14) 2.38(0.19) 3.53(0.01) 32.7 8.3 sm
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Pair s-um(SE) l-um(SE) c-um(SE) i RL% Type
12 1.06(0.10) 2.09(0.15) 3.16(0.03) 33.7 7.4 sm
13 0.91(0.07) 1.89(0.14) 2.80(0.02) 32.6 6.6 sm
14 0.79(0.05) 1.61(0.22) 2.40(0.01) 33.0 5.6 sm

Cyclopogon elatus
1 1.75(0.01) 1.94(0.01) 3.69(0.01) 474 9.4 m
2 1.50(0.01) 1.56(0.04) 3.06(0.04) 49.0 7.8 m-sat
3 1.38(0.04) 1.56(0.04) 2.94(0.01) 46.9 7.5 m
4 1.22(0.02) 1.72(0.02) 2.94(0.01) 41.5 7.5 m
5 1.25(0.09) 1.63(0.09) 2.88(0.01) 43.5 7.3 m
6 1.06(0.04) 1.56(0.04) 2.63(0.01) 40.5 6.7 m
7 1.19(0.04) 1.41(0.07) 2.59(0.02) 45.8 6.6 m
8 1.19(0.04) 1.31(0.04) 2.50(0.01) 47.5 6.4 m
9 0.91(0.02) 1.16(0.15) 2.06(0.13) 43.9 5.2 m
10 1.25(0.09) 2.50(0.01) 3.75(0.09) 33.3 9.5 sm
11 1.03(0.02) 2.06(0.04) 3.09(0.07) 33.3 7.9 sm
12 0.89(0.01) 1.81(0.01) 2.70(0.04) 33.1 6.9 sm
13 0.81(0.04) 1.50(0.01) 2.31(0.01) 35.1 5.9 sm
14 0.78(0.02) 1.38(0.01) 2.16(0.02) 36.2 5.5 sm
Cyclopogon congestus
1 1.80(0.07) 2.07(0.10) 3.87(0.01) 46.6 10.0 m
2 1.44(0.10) 1.95(0.01) 3.39(0.04) 42.6 8.8 m-sat
3 1.23(0.05) 1.74(0.14) 2.97(0.02) 41.3 7.7 m
4 1.32(0.12) 1.51(0.08) 2.84(0.01) 46.6 7.4 m
5 1.11(0.10) 1.56(0.03) 2.67(0.04) 41.4 6.9 m
6 1.11(0.03) 1.47(0.12) 2.57(0.04) 43.0 6.7 m
7 1.13(0.02) 1.32(0.12) 2.45(0.04) 46.1 6.4 m
8 1.05(0.09) 1.26(0.06) 2.31(0.01) 45.3 6.0 m
9 1.02(0.03) 1.19(0.11) 2.21(0.01) 46.2 5.7 m
10 0.94(0.07) 1.07(0.11) 2.01(0.01) 46.7 5.2 m
11 0.81(0.06) 0.90(0.04) 1.71(0.01) 47.2 4.4 m
12 0.72(0.03) 0.93(0.04) 1.65(0.04) 43.8 4.3 m
13 0.69(0.01) 0.79(0.02) 1.48(0.01) 46.3 3.8 m
14 0.85(0.04) 1.60(0.04) 2.45(0.01) 34.8 6.4 sm
15 0.67(0.01) 1.45(0.01) 2.13(0.03) 31.6 5.5 sm
16 0.66(0.08) 1.18(0.10) 1.84(0.02) 35.9 4.8 sm
Cyclopogon oliganthus
1 1.13(0.04) 1.25(0.04) 2.38(0.09) 474 6.0 m
2 1.06(0.01) 1.19(0.01) 2.25(0.01) 47.2 5.7 m
3 1.03(0.02) 1.22(0.02) 2.25(0.01) 45.8 5.7 m
4 1.03(0.02) 1.19(0.01) 2.22(0.02) 46.5 5.6 m
5 0.97(0.02) 1.22(0.02) 2.19(0.01) 44.3 5.6 m
6 0.94(0.04) 1.22(0.02) 2.16(0.01) 43.5 5.5 m
7 0.97(0.02) 1.13(0.04) 2.09(0.02) 46.3 5.3 m
8 0.97(0.02) 1.06(0.01) 2.03(0.02) 47.7 5.2 m
9 0.91(0.02) 1.09(0.02) 2.00(0.02) 45.3 5.1 m
10 0.94(0.01) 1.06(0.01) 2.00(0.01) 46.9 5.1 m
11 0.91(0.02) 1.09(0.02) 2.00(0.01) 45.3 5.1 m
12 0.91(0.02) 1.03(0.02) 1.94(0.01) 46.8 4.9 m
13 0.88(0.04) 1.03(0.02) 1.91(0.02) 45.9 4.9 m
14 0.88(0.01) 1.00(0.01) 1.88(0.01) 46.7 4.8 m
15 0.88(0.01) 1.00(0.01) 1.88(0.01) 46.7 4.8 m
16 0.84(0.02) 0.94(0.01) 1.78(0.02) 47.4 4.5 m
17 0.75(0.01) 1.00(0.01) 1.75(0.01) 42.9 4.5 m
18 0.77(0.01) 0.95(0.03) 1.72(0.02) 44.5 4.4 m
19 0.69(0.01) 0.81(0.01) 1.50(0.01) 45.8 3.8 m
20 0.59(0.02) 0.78(0.07) 1.38(0.09) 43.2 3.5 m
21 0.75(0.01) 1.63(0.04) 2.38(0.04) 31.6 9.9 sm
22 0.75(0.01) 1.50(0.01) 2.25(0.01) 33.3 9.4 sm
23 0.75(0.01) 1.50(0.01) 2.25(0.01) 33.3 9.4 sm
24 0.75(0.01) 1.44(0.01) 2.19(0.01) 34.3 9.1 sm
25 0.69(0.04) 1.47(0.02) 2.16(0.02) 31.9 9.0 sm
26 0.72(0.04) 1.34(0.02) 2.06(0.04) 34.8 8.6 sm
27 0.66(0.02) 1.25(0.01) 1.91(0.02) 34.4 7.9 sm
28 0.63(0.01) 1.25(0.01) 1.88(0.01) 33.3 7.8 sm
29 0.63(0.01) 1.19(0.01) 1.81(0.01) 34.5 7.5 sm
30 0.63(0.01) 1.13(0.01) 1.75(0.01) 35.7 7.3 sm
31 0.63(0.01) 1.13(0.01) 1.75(0.01) 35.7 7.3 sm
32 0.63(0.01) 1.06(0.01) 1.69(0.01) 37.0 7.0 sm

s, mean short arm length; [, mean long arm length; ¢, mean chromosome length; i, centromeric index; RL%, relative chromosome
length; SE, standard error
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