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Variability of stem morphology in Lycopodium clavatum  
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INTRODUCTION

Lycopodium clavatum L. (common clubmoss) is an ever-
green plant with dichotomously dividing stems and small, 
alternately arranged entire leaves. It is broadly distributed 
throughout the world, occurring in various habitats. The spe-
cies shows a wide plasticity of morphological characters, 
introducing much confusion in the taxonomical assignment. 
Taxonomic problems are even more serious because of the 
wide geographical distribution, intrapopulation variability, 
the existence of morphologically intermediate forms, as well 
as the clonal growth habit (Takamiya & Tanaka 1982). Al-
though many morphological traits have been considered in 
previous investigations, the length of pedicels revealed to 
be the most significant taxonomic character in L. clavatum 

(Takamiya & Tanaka 1982). For example, according to Na-
kai (1925, cit. after Takamiya & Tanaka 1982) pedicel length 
is suitable for discrimination between Lycopodium clavatum 
var. nipponicum and var. robustius in Japanese populations. 
The former variety has obvious pedicels while the latter has 
pedicels extremely short or lacks them completely. Interest-
ingly, according to Takamiya & Tanaka (1982), a morpho-
logical and cytological intrapopulation discontinuity exists 
in the Japanese common clubmoss. Based on the pedicel 
length, the authors recognized three distinct morphological 
forms and correlated them with the ploidy level. While the 
diploids (2n = 2x = 68) have the morphotype with distinct, 
long pedicels (10–30 mm), the tetraploid cytotype (2n = 136) 
possesses the morphotype with pedicels extremely short 
(0.1–0.3 mm) or absent. The intermediate triploid cytotype 
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SHORT COMMUNICATION

Background and aims – Based on pedicel length, three morphological forms of Lycopodium clavatum L. 
are recognized. It has been previously reported that these are correlated with the ploidy level. The present 
investigation compares for the first time in Poland the diversity in pedicel length with the corresponding 
nuclear DNA amount and the ploidy level of L. clavatum. We aimed to find correlation between the 
morphotypes and the ploidy level in the Polish population of L. clavatum.
Methods – Samples of shoots were taken from two clumps of L. clavatum. The ploidy level and 2C 
DNA content analysis was combined with pedicel length measurements. The ploidy level and genome size 
estimation were performed using flow cytometry.
Key results – We found the occurrence of two morphological types of generative stems. The morphotype 
A produced distinct long pedicels (10.8–43.3 mm). The morphotype B had visible, but very short pedicels 
(4.5–9.3 mm). We tested the already existing hypothesis, according to which the A and B morphotypes 
represent respectively diploid and triploid ploidy level. Surprisingly, we did not find such a correlation. 
Regardless of the morphotype, all the studied plants were diploid, with 5.04–5.13 pg/2C nuclear DNA 
content.
Conclusions – The occurrence of stems of different morphology in L. clavatum was not linked to the 
ploidy level. It is not excluded that the morphotypes may be genetically determined, but in the studied 
material, the ploidy level is certainly not at the origin of their differentiation. 
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(2n = 102) belongs to the morphotype which is character-
ized by obvious, although very short pedicels (1–10 mm). 
The most frequently estimated number of chromosomes is 
68 for diploid forms, 102 for triploid and 136 for tetraploid 
cytotypes (Manton 1950, Mehra & Verma 1957, Sorsa 1961, 
Sorsa 1963, Löve & Löve 1966 and literature cited there, 
Takamiya & Tanaka 1982, Takamiya 1989 cit. after Takami-
ya 1992, Takamiya 1992, Wagner 1992 Tutin et al. 2010). 
Since polyploidy in pteridophytes occurs frequently (Ben-
nett & Leitch 2001, Wood et al. 2009), its relation to specia-
tion has been widely discussed (cf. Lovis 1978, Aagaard et 
al. 2009). Nuclear DNA content is an important biodiversity 
character with fundamental biological significance. Genome 
size has numerous practical applications at many different 
levels (Bennett et al. 2000, Obermayer et al. 2002). However, 
in the common clubmoss, studies on the morphological vari-
ations correlated with the genome size are rare (Takamiya & 
Tanaka 1982, Hanušová et al. 2014). Notably, Takamiya & 
Tanaka (1982) suggested that diploids are expected to repre-
sent Lycopodium clavatum var. nipponicum, the tetraploids 
– var. robustius, and the triploids – an intermediate variety. 
However, these findings were not supported by any further 
investigation on L. clavatum. As to the European populations 
of L. clavatum, there is no precise information on morpho-
types and pedicel length, and neither morphological diversity 
nor the ploidy level have been previously analysed.

The goal of this preliminary investigation was to assess 
for the first time in Poland, the pedicel length diversity along 
with simultaneous verification of the nuclear DNA amount 
and the ploidy level within two clumps of the common club-
moss (L. clavatum). Particularly, we aimed to verify the 
existence of both the morphological discontinuity and the 
claimed correlation between A (with distinct, long pedicels 
10–30 mm) and B (with very short pedicels 1–10 mm) mor-
photypes, and the ploidy level of the analysed individuals. If 
such a correlation exists, it can be potentially useful for taxo-
nomic assignment of the species. Our methodology included 
visual determination of morphotypes and their morphomet-
ric analysis across two localities, as well as the nuclear DNA 
content estimation using the flow cytometry. 

MATERIALS AND METHODS

Plant material and research strategy

The studied Lycopodium clavatum sporophytes grew at 
two localities in the Southern Poland in the forest division 
of Olkusz – locality number 1: N50 20.073 E19 28.279, lo-
cality number 2: N50 19.575 E19 28.183. The specimens of 
L. clavatum from two analysed localities are deposited in the 
Herbarium of the University of Silesia (KTU): sample from 
locality number 1 - KTU 148563, sample from locality num-
ber 2 - KTU 148564. The inhabited forests were coniferous, 
representing Dicrano-Pinion classes, which are typical habi-
tats of L. clavatum (Matuszkiewicz 2001).

The ploidy level and 2C DNA content combined with the 
pedicel length measurements were performed on the erected 
stems growing from the same horizontal stem. The genera-
tive stems were collected from the scattered spots throughout 
each locality. The distinction of morphotypes was carried out 

on the basis of pedicel length measurements, which compro-
mised the average pedicel length ranges given by Takamiya 
& Tanaka (1982): 10.1–30 mm for the morphotype A, 1.1–
10 mm for the morphotype B, and 0–1 mm for the morpho-
type C. The lengths of the pedicels from the stem with one 
peduncle were averaged and the obtained mean value served 
as the basic measurement data to assess the morphoptype of 
a given stem. Totally 13 horizontal stems and 31 generative 
stems were analysed.

Chromosome number determination

Since the locality 1 showed the presence of type A stems 
(see Results), it was initially chosen as a diploid reference 
standard for flow cytometry estimation of the ploidy levels 
(see below). Thirty roots were excised from four horizontal 
stems, which grew widely separated from one another. Ma-
terial treatment and fluorescent chromosome staining with 
DAPI (4’6-diamidino-2-phenylindole) were as described 
previously (Golczyk 2011). Totally, chromosome number in 
55 best metaphases was estimated under 100x immersion ob-
jective. 

Flow cytometry analysis

The ploidy level and genome size estimation were performed 
using flow cytometry. Plant material consisted of the fresh 
and young leaves of L. clavatum from vegetative stems, as 
described above. Ploidy level was estimated based on the 
comparison of the position of the G0/G1 peak of the target 
sample on the histogram with the diploid reference standard 
of L. clavatum. The nuclear DNA content of L. clavatum was 
estimated using Vicia villosa ‘Minikowska’ leaves as an inter-
nal standard (3.32 pg/2C; Dzialuk et al. 2007). Plant material 
was prepared according to Zenkteler & Jędrzejczyk (2012). 
Nucleus isolation buffer was supplemented with DAPI (2 μg/
mL) for ploidy level, or propidium iodide (50 μg/mL) and ri-
bonuclease A (50 μg/mL) for genome size estimation. Ploidy 
level was analysed using a Partec CCA flow cytometer, 
equipped with mercury UV lamp. Nuclear DNA content was 
measured using a Partec CyFlow SL Green flow cytometer 
(Münster, Germany). The 2C DNA content for all the ana-
lysed samples of L. clavatum was calculated using the lin-
ear relationship between the 2C peak positions of the target 
species and V. villosa on the histogram of fluorescence in-
tensities. The mean coefficients of variation of the 2C nuclei 
content were estimated for all samples of L. clavatum. Mean 
values and standard deviations (SD) of the genome size were 
estimated for all the samples. 

RESULTS AND DISCUSSION

The length of pedicels from the locality 2 was similar to the 
pedicel length of triploid morphotypes previously reported 
by Takamiya & Tanaka (1982), without reaching the ranges’ 
limits. The length of pedicels from locality 1 was within the 
range of 10.8–43.3 mm. The maximum pedicel length was 
higher than the Takamiya & Tanaka’s diploid morphotype: 
10–30 mm. The mean value for the morphotype A collected 
from locality 1 was nearly three times higher than the mean 
for the morphotype B originated from locality 2 (table 1).
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All the stems from locality 1 represented morphotype A 
and all the stems from locality 2 represented morphotype B, 
being uniform within the clumps. In clubmoss, a non-uni-
form population structure seems to be a common occurrence 
(Takamiya & Tanaka 1982). 

The somatic chromosome number (2n) for locality 1 was 
invariably set at 68 chromosomes (fig. 1), therefore confirm-
ing its diploid status and usefulness as a reference standard 
for ploidy level estimation by flow cytometry. Our inves-
tigation revealed that regardless of the morphotype, all the 
thirteen analysed clubmoss samples (from thirteen horizontal 
stems from localities 1 and 2) had the same ploidy level, and 
were diploid (fig. 2A) The histograms of the genome size (fig 
2B) showed two distinct G0/G1 peaks with mean coefficient 
of variation (CV) values for the L. clavatum peak ranged 
from 3.07% (locality 1) to 3.82% (locality 2). The 2C DNA 
content ranged from 5.04 pg (locality 2) to 5.13 pg (local-
ity 1), and was lower than 5.71 pg/2C, previously estimated 
using FCM/PI (100 µg/mL), Pisumm sativum as an internal 
standard, and LB01 isolation buffer supplemented with 1% 
PVP40 (Bainard et al. 2011). According to Loureiro et al. 
(2005) some differences in the measurements of DNA con-

No. M.S.
Length of pedicels (mm)

M pg/2C ± S.D.
average ± S.D. range

1 3/20/40  19. 58 ± 8.59 10.8–43.3 A 5.13 ± 0.01

2 10/11/28 7.05 ± 1.63 4.5–9.3 B 5.04 ± 0.03

Table 1 – Length of pedicels, morphotype and nuclear DNA content (pg/2C) of Lycopodium clavatum.
No, locality number; M.S., material sampling: number of horizontal stems / number of generative stems / number of pedicels; M, morphotype. 

Figure 1 – A root tip metaphase plate of a Lycopodium clavatum 
clone with 2n = 2x = 68 chromosomes from the type A; locality 1, 
constituting the diploid reference standard for the flow cytometry 
analysis.

Figure 2 – Histograms of the ploidy level (A) and genome size (B) 
of Lycopodium clavatum.

tent can occur among laboratories and may be caused by 
using different estimation methods, nuclei isolation buffers, 
DNA staining fluorochromes or internal standards. The pre-
sented results allow us to state that the occurrence of stems 
of different morphology is not strictly related to the ploidy 
level. We do not exclude the option that the L. clavatum mor-
photypes might be genetically determined, but in the stud-
ied clumps of clubmoss the ploidy level was certainly not 
at the origin of this variability. The ploidy level often can 
be linked with the diversity of micromorphological traits in 
plants (Gola & Szczęśniak 2012). For example, spore size 
and stomatal cell size were used as a suitable marker for in-
ferring changes in ploidy level among closely related species 
(Moran 1982, Beck et al. 2010, Gabriel y Galán et al. 2011, 
Dyer et al. 2013). Nevertheless, our study revealed that such 
correlation certainly does not exists between pedicel length 
and nuclear DNA content in L. clavatum. 

Environmental conditions of a habitat, including the 
amount of light available for plant photosynthetic apparatus 
can introduce significant alterations into the morphology of 
plant stems, also in Lycopods. For example, it is impossible 
to identify the Diphasiastrum alpinum species correctly when 
it grows in a very strong shadow (Pacyna 2006, Hanušová et 
al. 2014). However, the diversity of strobilar organ morphol-
ogy coupled with the apparent uniformity of the ploidy level, 
cannot be explained by light conditions. None of the two 
studied localities of L. clavatum were placed under extremely 
dense canopy of trees or shrubs that could significantly alter 
the amount of light. 



115

Śliwińska-Wyrzychowska, Jędrzejczyk & Golczyk, Ploidy versus stem morphology in Lycopodium clavatum

ACKNOWLEDGMENTS

The research was supported by the grant DS/WMP/6044/2016 
of the Institute of Chemistry, Environmental Protection and 
Biotechnology, Jan Długosz University in Częstochowa and 
by the statutory fund (No. 5198) of the Biotechnology Insti-
tute (Faculty of Biotechnology and Environmental Sciences) 
of the John Paul II Catholic University of Lublin.

REFERENCES

Aagaard S.M.D., Greilhuber J., Zhang X-C., Wikström N. (2009) 
Occurrence and evolutionary origins of polyploids in the club-
moss genus Diphasiastrum (Lycopodiaceae). Molecular Phylo-
genetics and Evolution 52: 746–754. https://doi.org/10.1016/j.
ympev.2009.05.004

Bainard J.D., Henry T.A., Bainard L.D., Newmaster S.G. (2011) 
DNA content variation in monilophytes and lycophytes: large 
genomes that are not endopolyploid. Chromosome Research 
19: 763–775. https://doi.org/10.1007/s10577-011-9228-1

Beck J.B., Windham M.D., Yatskievych G., Pryer K.M. (2010) A 
diploid–first approach to species delimitation and interpreting 
polyploid evolution in the fern genus Astrolepis (Pteridaceae). 
Systematic Botany 35: 223–234.

Bennett M.D., Bhandol P., Leitch I.J. (2000) Nuclear DNA amounts 
in angiosperms and their modern uses – 807 new estimates. 
Annals of Botany 86: 859–909. https://doi.org/10.1006/
anbo.2000.1253

Bennett M.D., Leitch I.J. (2001) Nuclear DNA amounts in Pterido-
phytes. Annals of Botany 87: 335–345. https://doi.org/10.1006/
anbo.2000.1339

Dyer R.J, Pellicer J., Savolainen V., Leitch I.J., Schneider H. (2013) 
Genome size expansion and the relationship between nuclear 
DNA content and spore size in the Asplenium monanthes fern 
complex (Aspleniaceae). BMC Plant Biology 13: 219. https://
doi.org/10.1186/1471-2229-13-219

Dzialuk A., Chybicki I., Welc M., Śliwińska E., Burczyk J. (2007) 
Presence of triploids among oak species. Annals of Botany 99: 
959–964. https://doi.org/10.1093/aob/mcm043

Gabriel y Galán J.M., Prada C., Rolleri C.H., Lahoz-Beltrá R., Mar-
tínez-Calvo C. (2011) Biometry of stomata in Blechnum spe-
cies (Blechnaceae) with some taxonomic and ecological impli-
cations for the ferns. Revista de Biología Tropical 59: 403–415. 
https://doi.org/10.15517/rbt.v59i1.3208

Gola E.M., Szczęśniak E. (2012) Preliminary studies on the diver-
sity of the leaf-blade hair and stomata density in the Polypo-
dium vulgare L. complex in Poland. In: Szczęśniak E., Gola E. 
(eds) Genus Polypodium L. in Poland: 39–46. Wrocław, Polish 
Botanical Society.

Golczyk H. (2011) Structural heterozygosity, duplication of telom-
eric (TTTAGGG)n clusters and B chromosome architecture in 
Tradescantia virginiana L. Cytogenetic and Genome Research 
134: 234–242. https://doi.org/10.1159/000328915

Hanušová K., Ekrt L., Vít P., Kolář F., Urfus T. (2014) Continuous 
morphological variation correlated with genome size indicates 
frequent introgressive hybridization among Diphasiastrum 
species (Lycopodiaceae) in Central Europe. PLoS ONE 9(6): 
e99552. https://doi.org/10.1371/journal.pone.0099552

Loureiro J., Pinto G., Lopes T., Doležel J., Santos C. (2005) Assess-
ment of ploidy stability of the somatic embryogenesis process 
in Quercus suber L. using flow cytometry. Planta 221: 815–822. 
https://doi.org/10.1007/s00425-005-1492-x

Lovis J.D. (1978) Evolutionary patterns and processes in ferns. 
Advances in Botanical Research 4: 229–415. https://doi.
org/10.1016/S0065-2296(08)60371-7

Löve A., Löve D. (1966) Cytotaxonomy of the alpine vascular 
plants of Mount Washington. University of Colorado Studies, 
Series in Biology 24.

Manton I. (1950) Problems of cytology and evolution in the pteri-
dophyta. Cambridge, Cambridge University Press. https://doi.
org/10.5962/bhl.title.4667

Matuszkiewicz W. (2001) Przewodnik do oznaczania zbiorowisk 
roślinnych Polski [Guide for the determination of plants com-
munities of Poland]. Warszawa, PWN. [in Polish]

Mehra P.N., Verma S.C. (1957) Cytology of Lycopodium. Current 
Science 26(2): 55–56.

Moran R.C. (1982) The Asplenium trichomanes complex in the 
United States and adjacent Canada. American Fern Journal 72: 
5–11. https://doi.org/10.2307/1547078

Obermayer R., Leitch I.J., Hanson L., Bennett M.D. (2002) Nuclear 
DNA C-values in 30 species double the familial representation 
in Pteridophytes. Annals of Botany 90: 209–217. https://doi.
org/10.1093/aob/mcf167

Pacyna A. (2006) Taxonomic problems of the genus Diphasiastrum 
in Poland and central Europe. Botanical guidebooks 29: 7–26.

Sorsa V. (1961) Chromosome studies on Finnish Pteridophyta II. He-
reditas 47: 480–488. https://doi.org/10.1111/j.1601-5223.1961.
tb01784.x

Sorsa V. (1963) Chromosome studies on Finnish Pteri-
dophyta III. Hereditas 49(3): 337–344. https://doi.
org/10.1111/j.1601-5223.1963.tb01884.x

Takamiya M., Tanaka R. (1982) Polyploid cytotypes and their 
habitat preferences in Lycopodium clavatum. Botanical Maga-
zine - Tokyo 95: 419–434. https://doi.org/10.1007/BF02489478

Takamiya M. (1989) Cytological and ecological studies on the spe-
ciation of Lycopodium clavatum L. in the Japanese archipelago. 
Journal of Science of the Hiroshima University, Series B, Divi-
sion 2. Botany 22 : 352–430.

Takamiya M. (1992) Karyomorphology of the Genus Lycopo-
dium sensu stricto and relationships among species. Botani-
cal Magazine - Tokyo 105: 573–588. https://doi.org/10.1007/
BF02489432

Tutin T.G, Burges N.A., Chater A.O., Edmondson J.R., Heywood 
V.H., Moore D.M., Valentine D.H., Walters S.M., Webb D.A. 
(eds) (2010) Flora Europaea. vol. 1 Lycopodiaceae to Platan-
aceae. Cambridge, Cambridge University Press.

Wagner F.S. (1992) Cytological problems in Lycopodium sens. lat. 
Annals of the Missouri Botanical Garden 79: 718–729. https://
doi.org/10.2307/2399761

Wood T.E., Takebayashi N. Barker M.S., Mayrose I., Greenspoon 
P.B., Reiseberg L.H. (2009) The frequency of polyploid specia-
tion in vascular plants. Proceedings of the National Academy of 
Sciences of the United States of America 106: 13875–13879. 
https://doi.org/10.1073/pnas.0811575106

Zenkteler E., Jędrzejczyk I. (2012) Morphology and anatomy of the 
rhizome of Polypodium × mantoniae Rothm. In: Szczęśniak E., 
Gola E. (eds) Genus Polypodium L. in Poland: 27–38. Wrocław, 
Polish Botanical Society.

Manuscript received 29 Dec. 2016; accepted in revised version 
14 Feb. 2017.

Communicating Editor: Elmar Robbrecht.

https://doi.org/10.1016/j.ympev.2009.05.004
https://doi.org/10.1016/j.ympev.2009.05.004
https://doi.org/10.1007/s10577-011-9228-1
https://doi.org/10.1006/anbo.2000.1253
https://doi.org/10.1006/anbo.2000.1253
https://doi.org/10.1006/anbo.2000.1339
https://doi.org/10.1006/anbo.2000.1339
https://doi.org/10.1186/1471-2229-13-219
https://doi.org/10.1186/1471-2229-13-219
https://doi.org/10.1093/aob/mcm043
https://doi.org/10.15517/rbt.v59i1.3208
https://doi.org/10.1159/000328915
https://doi.org/10.1371/journal.pone.0099552
https://doi.org/10.1007/s00425-005-1492-x
https://doi.org/10.1016/S0065-2296(08)60371-7
https://doi.org/10.1016/S0065-2296(08)60371-7
https://doi.org/10.5962/bhl.title.4667
https://doi.org/10.5962/bhl.title.4667
https://doi.org/10.2307/1547078
https://doi.org/10.1093/aob/mcf167
https://doi.org/10.1093/aob/mcf167
https://doi.org/10.1111/j.1601-5223.1961.tb01784.x
https://doi.org/10.1111/j.1601-5223.1961.tb01784.x
https://doi.org/10.1111/j.1601-5223.1963.tb01884.x
https://doi.org/10.1111/j.1601-5223.1963.tb01884.x
https://doi.org/10.1007/BF02489478
https://doi.org/10.1007/BF02489432
https://doi.org/10.1007/BF02489432
https://doi.org/10.2307/2399761
https://doi.org/10.2307/2399761
http://www.ingentaconnect.com/content/external-references?article=0363-6445()35L.223[aid=9635651]
http://www.ingentaconnect.com/content/external-references?article=0065-2296()4L.229[aid=5842712]
http://www.ingentaconnect.com/content/external-references?article=0027-8424()106L.13875[aid=9149199]
http://www.ingentaconnect.com/content/external-references?article=0027-8424()106L.13875[aid=9149199]
https://doi.org/10.1016/j.ympev.2009.05.004
https://doi.org/10.1016/j.ympev.2009.05.004
https://doi.org/10.1007/s10577-011-9228-1
https://doi.org/10.1006/anbo.2000.1253
https://doi.org/10.1006/anbo.2000.1253
https://doi.org/10.1006/anbo.2000.1339
https://doi.org/10.1006/anbo.2000.1339
https://doi.org/10.1006/anbo.2000.1339
https://doi.org/10.1186/1471-2229-13-219
https://doi.org/10.1186/1471-2229-13-219
https://doi.org/10.1093/aob/mcm043
https://doi.org/10.15517/rbt.v59i1.3208
https://doi.org/10.1159/000328915
https://doi.org/10.1371/journal.pone.0099552
https://doi.org/10.1007/s00425-005-1492-x
https://doi.org/10.1016/S0065-2296(08)60371-7
https://doi.org/10.1016/S0065-2296(08)60371-7
https://doi.org/10.5962/bhl.title.4667
https://doi.org/10.5962/bhl.title.4667
https://doi.org/10.2307/1547078
https://doi.org/10.1093/aob/mcf167
https://doi.org/10.1093/aob/mcf167
https://doi.org/10.1111/j.1601-5223.1961.tb01784.x
https://doi.org/10.1111/j.1601-5223.1961.tb01784.x
https://doi.org/10.1111/j.1601-5223.1963.tb01884.x
https://doi.org/10.1111/j.1601-5223.1963.tb01884.x
https://doi.org/10.1007/BF02489478
https://doi.org/10.1007/BF02489432
https://doi.org/10.1007/BF02489432
https://doi.org/10.2307/2399761
https://doi.org/10.2307/2399761

