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Abstract

RAPDs, IS]s, ISSRs, ITS and katGs were applied to determine genetic relationships between common Sphagnum species of the
section Acutifolia. Twenty populations were genotyped using ten IS] primers, 12 pairs of katG primers, 10 ISSR and 10 RAPD
primers, and a restriction analysis of ITS1 and ITS2. ISSR and katG markers revealed the greatest number of species-specific bands.
An analysis of ITS1 and ITS2 regions with restriction enzymes also proved to be a highly effective tool for species identification.
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Introduction

Due to their great phenotypic plasticity, the classification
of peat moss species often requires microscopic identification,
which is both labor- and time-consuming. In addition to a
standard morphological description, the classification of bryo-
phytes increasingly often involves the use of molecular markers
[1,2]. Chloroplast and nuclear genomes are mainly used, but
this approach implies high analysis costs. Species-specific mo-
lecular markers support material identification even when di-
agnostic traits cannot be observed. The above applies mostly to
traits related to sexual reproduction (gametengia, sporophytes)
and vegetative reproduction (gemmae) which are often unde-
veloped or already degraded.

The identification of peat moss species possess some prob-
lems. According to various authors, their number ranges from
39 [3] to 340 [4]. The main reason for such a wide variation in
the reported number of Sphagnum species is their high phe-
notypic plasticity. Mosses growing in wet habitats exhibit high
morphological variability in response to water level fluctua-
tions and changes in other environmental conditions [5]. An-
other factor that affects morphological variability and hinders
the species classification of peat mosses is hybridization [6-9].

Isoenzymatic electrophoresis is a rapid and relatively inex-
pensive method of molecular species identification. The use
of markers of this class permitted the molecular identifica-
tion of the majority of morphologically controversial species
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of the genus Sphagnum [10,11]. However, their practical appli-
cation is difficult, as in order to obtain stable and distinct iso-
enzymatic patterns, plants should be grown under glass-house
conditions to normalize their expression levels and increase vi-
tality [12]. Electrophoresis of enzymatic proteins cannot be ap-
plied to herbaceous materials, either, which makes it useless
as a tool for verifying the correctness of species identification.
Therefore, other molecular markers enabling a rapid, reliable
and inexpensive identification have to be found.

PCR-based DNA analyses provided new insights into the
taxonomy of peat mosses. Studies of the genus Sphagnum rely
primarily on RAPD [13,14], ISSR [9,15] and SSR [16] mark-
ers, and ITS sequences [17,18]. With a few exceptions [19],
the above markers have not been used for molecular species
identification.

The objective of the present study was to evaluate the suit-
ability of five types of DNA markers for molecular species
identification. Peat moss species of the section Acutifolia were
analyzed. Apart from markers that are commonly applied in
studies of the genus Sphagnum, i.e. RAPD, ISSR and nuclear
ITS regions, we also tested IS] markers and primers comple-
mentary to the katG gene, which had been successfully used
as species-specific markers in higher plants [20] and liverworts
of the genera Aneura [21], Conocephalum [22] and Pellia [23].

The nuclear ITS region, analyzed based on the polymor-
phism of restriction loci [24,25] and a direct comparison of
sequences [18,26], is widely used in the taxonomic studies of
bryophytes. An extensive review of ITS applications in stud-
ies of bryophytes is given by Vanderpoorten et al. [27]. In
contemporary research, non-specific RAPD markers are less
frequently used, mainly due to the low reproducibility of re-
sults between laboratories [28,29]. Nevertheless, they con-
tinue to provide effective species-specific markers for many
taxa, and they facilitate a quick and easy identification of the
studied organisms [20,21]. They have also been successfully
used in studies of bryophytes [30], including peat moss spe-
cies [14,22,31,32].
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Owing to their non-coding character, microsatellite se-
quences are subject to greater mutation pressure from the re-
maining DNA fragments, and they display a high degree of
polymorphism. In view of the above, analyses of variability in
intermicrosatellite sequences (ISSR) became a useful tool for
determining genetic similarity in the region of closely interre-
lated groups of organisms [33]. Inter-Simple Sequence Repeat
(ISSR) markers demonstrate a high level of result repeatabil-
ity and a high degree of polymorphism. They are characterized
by high efficiency and a relatively low cost of use [34]. These
markers are widely used in both taxonomic and population ge-
netics studies of bryophytes [15,35-38].

ISJ markers, based on sequences commonly found in plants
and indispensable for post-transcription DNA processing [39],
are less popular. IS] primers are partly complementary to the
sequences on the exon-intron boundary. At first these prim-
ers were used in studies of vascular plants [20,40,41], but they
also proved to be a useful tool in the taxonomy of bryophytes
[21,37,38]. In addition to the above marker classes, sequences
complementary to the katG gene coding the enzyme catalase-
peroxidase were also used. Previous studies have shown that
sequences of the katG gene are highly effective species-specific
markers for many taxa [20,21,42]. They were most effective in
differentiating between twin species of the genus Conoceph-
alum, revealing the highest number of species-specific am-
plification products per primer [22]. A correlation was also
found between the amplification patterns of genomic DNA
with katG sequences and electrophoretic peroxidase patterns
in the genus Calamagrostis [43] and Lolium [44]. Peroxidases
proved to be effective species-specific markers for the genus
Sphagnum [45,46], which additionally supported the use of
the katG gene sequence in this study.

The main purpose of this study was to determine the suit-
ability of the above DNA markers for molecular species iden-
tification, based on peat mosses of the section Acutifolia.

Material and methods

Plant material

The studied material comprised four population samples of
each of the following species: S. capillifolium, S. fimbriatum, S.
girgensohnii, S. rubellum and S. russowii, collected mainly in
Central Europe. The population details are given in Appendix
S1. In the case of several populations, in vitro spore cultures
were also used (Appendix S1). Each sample consisted of twenty
plants randomly selected in the population. After morpholog-
ical delimitation, all plants were cleaned and stored at -20°C.

DNA extraction

Total genomic DNA was extracted from 20 individuals from
each population. DNA was isolated by the modified CTAB
procedure. Details are given in previous papers [20,21]. The
purity of DNA samples was assessed spectrophotometrically
and reached 90-94%. The DNA content of the samples was 20

ug to 35 ug.

RAPD, ISJ and ISSR markers

In order to minimize the negative consequences of low re-
peatability attributed to RAPD markers [28], each reaction was
performed twice, and only bands present in both banding pat-
terns were analyzed. The sequences of used primers used for

DNA amplification in this study are shown in Tab. 1. The PCR
reaction was conducted in a volume of 20 pl containing 2 pl
PCR buffer [400 mM (NH,),SO, and 1 M Tris-HCI, pH 9 at
25°C], 2 mM MgCl,, 200 uM each dATP, dGTP, dCTP, dTTP,
0.3 uM primer, 1 unit Tfl polymerase (Epicentre Technology)
and 40 ng of template DNA. The RAPD-PCR reaction was
processed at 94°C for 4 min followed by 45 cycles at 94°C for 1
min, 37°C for 1 min, and 72°C for 1.5 min, with a final exten-
sion step of 72°C for 5 min The PCR reaction conditions for
ISJ and ISSR markers were similar to those for RAPD markers,
except for a higher annealing temperature at 52°C.

ITS markers

The ITS sequences were analyzed by polymerase chain
reaction-restriction fragment length polymorphism (PCR-
RFPL). The sequences of ITS primers used for DNA amplifi-
cation in this study are given in Tab. 1. The PCR reaction was
conducted in a volume of 20 pl containing 1 ul PCR buffer
(400 mM (NH,),SO, and 1 M Tris-HCI, pH 9 at 25°C], 2 mM
MgCl,, 200 uM each dATP, dGTP, dCTP, dTTP, 0.3 uM of each
primer, 1 unit Tfl polymerase (Epicentre Technology) and 40
ng of template DNA. The reaction was processed at 94°C for
4 min followed by 30 cycles at 94°C for 1 min, 58°C for 1 min,
and 72°C for 1.5 min, with a final extension step of 72°C for 5
min. The PCR products were digested by Haelll and Tagl en-
donucleases (Roche) according to the manufacturer’s manual.

Primers complementary to sequences of the katG gene coding catalase-
peroxidase

The PCR reaction conditions for katG markers were simi-
lar to those for ITS markers, except for a lower annealing tem-
perature at 56°C.

Electrophoresis

PCR samples were loaded on a 2% (for IS], katG and RAPD
markers) or 2.5% (for ISSR and ITS) agarose gel containing 0.5
pg/ml ethidium bromide and separated in 1x TBE buffer at 120
V constant power. After rinsing in deionized water, agarose gel
was analyzed in a transilluminator under UV light at a wave-
length of 302 nm with the application of the Felix 1010 system.

Data analysis

All bands that could be reliably read were treated as single
dominant loci and scored either present (1) or absent (0) across
all genotypes. The reproducibility of the IS] and ISSR markers
was checked by randomly selecting 10 samples and amplify-
ing the extracted DNA twice. The error rate was calculated as
the ratio between all differences and all bands comparisons in
these ten duplicated ISJ-ISSR profiles [47]. Calculation of the
error rate during the ISSR and IS] bands resulted in seven dif-
ferences in the 1921 comparisons, giving an error rate 0.36%.
Genetic diversity measured by the percentage of polymorphic
bands (P) and private alleles was calculated using GenAlEx
6.1 [48]. The number of fixed allelic differences among spe-
cies was estimated for all pairwise combinations of taxa using
the Sites program [49].

Results

PCR screen for contamination of DNA
Algae, bacteria and fungal endophytes are common in many

© The Author(s) 2011  Published by Polish Botanical Society
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Tab. 1 Sequences of primers used in this study.
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IN)
1S]-2 5 ACTTACCTGAGGCGCCAC 3’ 1S)-7 5 TGCAGGTCAGGACCCT 3
1S]-3 5 TGCAGGTCA 3’ 1S]-8 5GACCGCTTGCAGGTAAGT 3’
1S]-4 5 GTCGGCGGACAGGTAAGT 3 1SJ-9 5 AGGTGACCGACCTGCA 3’
1S]-5 5 CAGGGTCCCACCTGCA 3’ 1SJ-10 5 ACTTACCTGCATCCCCCT 3’
1S]-6 5 ACTTACCTGAGCCAGCGA 3’ 1§J-11 5 TGCAGGTCAAACGTCG 3’

ISSR
15807 5 (AG)8T 3’ 1S828 5 (TG)8A 3’
1S810 5 (GA)8T 3’ 1S831 5 (ACC)6 3’
1S816 5 (CA)8T 3’ 1S834 5 (ATG)6 3’
15822 5 (TC)8A 3’ 1S843 5 CATGGTGTTGGTCATTGTTCCA 3’
18825 5 (AT)8G 3’ 1S849 5 (GGAGA)3 3

ITS
ITS1-F 5 CAAGGTTTCCGTAGGTGAAC 3 ITS2-F 5 CGGATATCTTGGCTCTTG 3’
ITS1-R 5 CAAGAGCCAAGATATCCG 3’ ITS2-R 5 CCGCTTAGTGATATGCTTA 3’

katG
katG1-1 5 GACTACGCCCAACAGCTCC 3’ katG7-1 5 GCTGGAGCAGATGGGCTTG 3’
katG1-2 5 GCGATAACCCCGCAAGACC 3’ katG7-2 5 ATCCACCCGCAGCGAGAG 3’
katG2-1 5 GCGGGGTTATCGCCGATG 3’ katG8-1 5 GTCACTGACCTCTCGCTG 3’
katG2-2 5 GCCCTCGACGGGGTATTTC 3 katG8-2 5 CGCCCATGCGGTCGAAAC 3
katG3-1 5 AACGGCTGTCCCGTCGTG 3’ katG9-1 5 GCGAAGCAGATTGCCAGCC 3’
katG3-2 5 GTCGTGGATGCGGTAGGTG 3’ katG9-2 5 ACAGCCACCGAGCACGAC 3’
katG4-1 5 TCGACTTGACGCCCTGACG 3’ katG10-1 5 CAAAGTGTCCTTCGCCGACC 3
katG4-2 5 CAGGTCCGCCCATGAGAG 3’ katG10-2 5 CACCTACCAGCACCGTCATC 3
katG5-1 5 CGACAACGCCAGCTTGGAC 3’ katG11-1 5 TGCTCGACAAGGAGAACCTG 3’
katG5-2 5 GGTTCACGTAGATCAGCCCC 3’ katG11-2 5 TCCGAGTTGGACCCGAAGAC 3’
katG6-1 5 GCAGATGGGGCTGATCTACG 3’ katG12-1 5 TACCAGGGCAAGGATGGCAG 3’
katG6-2 5 ACCTCGATGCCGCTGGTG 3’ katG12-2 5 GCAAACACCAGCACCCCG 3

RAPD

OPB-01 5 GTTTCGCTCC 3’ OPB-18 5 CCACAGCAGT 3
OPB-02 5 TGATCCCTGG 3’ OPB-19 5 ACCCCCGAAG 3
OPB-04 5 GGACTGGAGT 3’ OPB-20 5 GGACCCTTAC 3
OPB-14 5 TCCGCTCTGG 3 OPD-05 5 TGAGCGGACA 3’
OPB-17 5 AGGGAACGAG 3 OPD-07 5 TTGGCACGGG 3’

bryophytes and DNA extractions from plants may sometimes
produce a mixture of plant, fungal, algal and bacterial DNA.
Unfortunately these endophytes cannot be removed by surface
sterilization. Therefore, we first screened all extractions for the
presence of fungal or algal DNA by ITS region PCR. All reac-
tions produced amplicons with a length between 650 and 700
bp, which is similar to the lengths obtained in Sphagnum [18].
However, ten out of 50 reactions included also shorter (350-
450 bp) amplicons and these samples were excluded from fur-
ther analysis. Surface-disinfected samples representing natural
peat moss populations were compared with in vitro spore cul-
tures of those populations. If a band absent in in vitro cultures
was present in field samples, amplicons of this length found
in any samples were excluded from further analysis. A total of
27 bands revealed by markers of three categories (katG - 12,

© The Author(s) 2011

RAPD - 10, ISSR - 5) were excluded.

Efficiency of primers

An analysis of 40 populations of five peat moss species of
the section Acutifolia, performed using 22 primers representing
five marker categories, enabled to distinguish 497 bands. The
greatest number of bands, 162, were amplified by 12 pairs of
primers complementary to the sequence of the bacterial katG
gene (13.5 bands per primer on average). From among katG
primers, katG-12 (19 bands), katG-1 and katG-5 (18 bands
each) were most efficient, while katG-6 (9 bands) and katG-8
(10 bands) were least efficient. Non-specific RAPD prim-
ers revealed a total of 112 loci (11.2 per primer on average).
Their efficiency ranged from 7 (OPB-3) to 17 (OPB-17) bands.
Semi-specific IS] markers amplified a total of 77 loci (10.1 on
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average). IS]-8 was most efficient (16 loci), and least efficient
were ISJ-2, ISJ-5 (8 loci each) and ISJ-6 (7 loci). Microsatel-
lite ISSR markers revealed a total of 117 loci (11.7 bands per
primer on average). ISSR-843 was characterized by the highest
efficiency (17 bands), whereas the lowest number of bands (7)
was revealed by ISSR-832. A restriction analysis of ITS1 and
ITS2 sequences with the enzymes Haelll and Tagl allowed to
distinguish a total of 29 restriction sites (bands). The digestion
of amplified ITS2 sequence with Haelll revealed 8 bands, while
the remaining combinations of sequences and enzymes per-
mitted the identification of 7 restriction sites each.

Polymorphism of DNA markers

All of the applied DNA markers were found to be polymor-
phic with respect to the examined taxa of the section Acutifo-
lia. A total of 506 bands were generated, of which 91.30% were
polymorphic. RAPD markers showed a high degree of poly-
morphism. Their analysis enabled to identify only three mono-
morphic loci, i.e. 2.68% of all RAPD bands. OPB-1, OPB-20
and OPD-5 primers amplified one monomorphic locus each.
KatG primers revealed polymorphism in 96.4% of the ampli-
fied bands. In this category of markers, the most monomor-
phic bands were revealed by katG-6 primers which amplified
three bands present in all analyzed populations. Two mono-
morphic bands were revealed by katG-5, and one by katG-11.
Semi-specific IS] markers exhibited an only slightly lower de-
gree of polymorphism, with 5.19% monomorphic loci. IS]-4
and IS]-8 primers revealed two monomorphic loci each. A re-
striction analysis of ITS1 and ITS2 sequences indicated a lower
degree of polymorphism. 79.31% polymorphic bands were
identified within those sequences with the use of restriction
enzymes, Haelll and Tagl. ISSR markers showed the lowest
degree of polymorphism, which was determined in 92 out of
117 loci, i.e. 78.63% of all amplified ISSR bands.

Species-specific markers

The applied DNA markers revealed a total of 57 species-
specific bands. Bands occurring only within a given species
and showing no polymorphism at the intra-specific level were
considered to be species-specific markers. From among the ap-
plied types of markers, katG primers, which revealed 15 bands,
were found to be most effective in the molecular identifica-
tion of Sphagnum species (Tab. 2). KatG-1 primers revealed
3 species-specific bands, while two bands were amplified by
katG-2, katG-5, katG-7 and katG-9. KatG-4, katG-6, katG-8
and katG-12 primers revealed one band each. ISSR markers
revealed a total of 14 species-specific bands. Three species-
specific bands were amplified by ISSR-816, ISSR-828 and ISSR-
828. Two marker amplicons were amplified by ISSR-807 and
ISSR-810, whereas one such a band was revealed by ISSR-834.
RAPD markers were only somewhat less efficient in the iden-
tification of Sphagnum species. Four species-specific loci were
revealed by OPB-17, three loci - by OPD-5, and two loci - by
OPB-19. OPB-1, OPB-3, OPB-14 and OPB-20 primers revealed
one species-specific locus each. Non-specific RAPD markers
revealed a total of 13 marker loci. Semi-specific IS] markers re-
vealed 10 species-specific loci, of which three were revealed by
ISJ-7, two by IS]-4, ISJ-6 and ISJ-8, and one locus - by ISJ-3.

ITS sequences were also highly efficient with respect to mo-
lecular species identification. Among 27 analyzed restriction
loci, 5 were unique to one of the investigated species only. An
analysis of ITS1 and ITS2 sequences with the restriction en-
zyme Haelll was found to be a highly effective tool in this case,

Tab. 2 Total number of species-specific markers identified in the an-
alyzed Sphagnum species.

Species RAPD 1Y) ITS katG ISSR Total
S. fimbriatum 1 3 1 5 3 13
S. girgensohnii 0 0 2 0 4

S. russowii 2 1 0 1 0

S. rubellum 5 4 1 5 3 18
S. capillifolium 5 2 1 4 4 16
Total 13 10 5 15 14 57

since it revealed 4 species-specific bands. Only one species-spe-
cific marker was identified based on the other enzyme, Tagl.

Apart from the number of revealed species-specific mark-
ers, another important consideration is the ratio between them
and the total number of amplified bands. The highest ratio be-
tween species-specific bands and amplified bands was reported
for ITS markers (0.172). As regards the remaining markers, this
ratio was substantially lower, i.e. 0.130, 0.120 and 0.116 for IS],
ISSR and RAPD markers respectively. The lowest ratio between
the number of species-specific markers and the total number of
amplified bands (0.076) was noted for katG primers, although
they revealed the greatest number of species-specific bands.

Among the studied peat moss species, the highest num-
ber of marker bands were noted for S. rubellum. A total of
18 species-specific bands were distinguished, of which five
were revealed by RAPD markers (OPB-14, OPB-17, OPB-
20 and OPD-5), katG markers (katG-1, katG-2, katG-7
and katG-12) and four by semi-specific IS] markers (IS]-3,
IS]-6, IS]-7 and ISJ-8), three — by ISSR markers (ISSR-807,
ISSR-828, ISSR-843) and one - by a restriction analysis of
the ITS1 sequence with Haelll. The molecular identifica-
tion of S. capillifolium was carried out based on 16 bands.
Similarly as in the case of S. rubellum, RAPD markers (OPB-
1, OPB-17, OPB-19 and OPD-5) revealed five species-specific
loci, while katG, ISSR, IS]J and ITS markers amplified four
(katG-1, katG-2, katG-5, katG-9), four (ISSR-810, ISSR-816
- two species-specific bands, ISSR-828), two (IS]-4 and ISJ-7)
and one (ITS1-Haelll) species-specific band. As regards the
molecular identification of S. fimbriatum, katG primers were
found to be most efficient, as they revealed five out of 13 spe-
cies-specific markers. Both ISJ and ISSR primers amplified
three species-specific bands (ISJ-4, ISJ-6 and IS]-7; ISSR-810,
ISSR-816 and ISSR-843). RAPD (OPB-3) and ITS (ITS1-Taql)
markers amplified one species-specific band. Only six marker
bands were generated for S. girgensohnii. Four species-specific
bands were amplified by ISSR primers (ISSR-807, ISSR-828 and
ISSR-843 - two species-specific bands), and the remaining two
were revealed by a restriction analysis of the ITS2 sequence
with the enzyme Haelll. Only four species-specific bands were
recorded for S. russowii. Two of them were revealed by RAPD
markers (OPB-17 and OPD-5), one by IS] primers (IS]-8) and
one by katG primers (katG-9). The lowest number of marker
bands (4) were found for S. russowii.

Differences between species pairs

The applied markers were highly efficient in the determina-
tion of differences between pairs of species. The lowest number
of fixed allelic differences was noted for S. fimbriatum and S.
girgensohnii (Tab. 3). These two species were best distinguished
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with the use of ISSR markers (15 bands) and katG primers (12
bands). A slightly higher number of differences were found be-
tween S. rubellum and S. russowii. Again, ISSR and katG mark-
ers proved most effective in their identification, revealing 19
and 12 bands respectively. The greatest number of fixed allelic
differences were observed for S. fimbriatum and S. rubellum
(130), and S. fimbriatum and S. capillifolium (125). The high-
est number of bands (249) enabling to differentiate between
the analyzed pairs of species were revealed by ISSR markers.
Two hundred and thirty-seven such bands were amplified by
katG markers.

Tab. 3 Fixed allelic differences.

Species pair RAPD I§] ISSR  katG  ITS  Total
S. fimbriatum 9 5 15 12 5 46
vs. S.girgensohnii

S. fimbriatum 17 14 21 31 14 97
vs. S.russowii

S. fimbriatum 27 22 36 30 15 130
vs. S. rubellum

S. fimbriatum 27 18 36 31 13 125
vs. S. capillifolium

S. girgensohnii 8 6 18 25 17 74
vs. S. russowii

S. girgensohnii 17 13 32 28 18 108
vs. S. rubellum

S. girgensohnii 21 10 32 25 14 102
vs. S. capillifolium

S. russowii 10 7 19 12 1 49
vs. S. rubellum

S. russowii 15 10 24 23 5 77
vs. S. capillifolium

S. rubellum 16 11 16 20 6 69
vs. S. capillifolium

Total 167 116 249 237 108 877
Discussion

Due to high phenotypic variation, peat moss species are a
bryophyte group which is difficult to identify. The taxonomic
distinctness of many species of the genus Sphagnum is often
questioned, as the ranges of variation of their diagnostic traits
often overlap. The use of isoenzymatic electrophoresis in a
study of peat mosses often supports the validation of the tax-
onomic status of contentious species [6,10,11]. Despite their
numerous advantages, such as low cost, ease and simplicity of
analysis, isoenzymatic markers also have a number of limita-
tions. To obtain stable enzymatic patterns, the studied material
has to regain its vigor in the culture as field collected samples
are frequently poorly developed. Selected enzymatic systems
were fit for analysis only after several months of cultivation, as
the collected field material display low isoenzymatic activity
[12]. Isoenzymatic markers have also been useless in the anal-
ysis of herbaceous material.

DNA markers are free of the above difficulties, and they
can be successfully used in taxonomic research. From among
the marker classes applied in this study, katG markers which
are complementary to the catalase-peroxidase gene sequence

proved to be most effective in the molecular identification of
species of the section Acutifolia. Catalase and peroxidase par-
ticipate in the molecular defense system against reactive ox-
ygen species. The enzyme catalase-peroxidase belongs to the
same group that covers peroxidase and cytochrome c. In all
Eucaryotes, enzymes have a long homologous region which is
also present in catalase-peroxidase [50].

Peroxidases as isoenzymatic markers facilitated the molec-
ular identification of species of the section Sphagnum: S. cen-
trale, S. magellanicum and S. palustre which are difficult to
classify under certain habitat conditions [51]. From among
the applied enzymatic systems in bryophytes, peroxidases
proved to be highly effective species-specific markers [52].
In addition to the above peat moss species, those enzymes sup-
ported the molecular identification of four species of the sec-
tion Subsecunda: S. contortum, S. denticulatum, S. inundatum
and S. subsecundum [11]. Characteristic patterns of cathodic
peroxidase bands were also determined for S. girgensohnii [45]
and S. russowii [46]. Those enzymes also supported the iden-
tification of S. capillifolium and S. rubellum [6] with a high de-
gree of probability.

A correlation between the products of amplification with
katG primers and the electrophoretic phenotypes of peroxi-
dase was determined in grass species of the genus Lolium [44]
and in Calamagrostis arundinacea [43]. In the group of 15 spe-
cies-specific katG bands, the highest number was observed in
S. fimbriatum and S. capillifolium (5 each), while no marker
bands were determined for S. girgensohnii which could point
to a high degree of peroxidase variability in this species [45].
katG sequences were also effectively used as species-specific
markers and section markers in a study of the genera Polygona-
tum [20] and Aneura [21]. In addition to a high number of re-
vealed marker bands, this class of markers also delivered other
advantages, such as a relatively short time of analysis and a high
specificity of reaction. This marker class is also less demanding
as regards the quality of matrix DNA and analytical reagents.

ISSR markers were also characterized by high effectiveness
in the molecular identification of the studied peat moss spe-
cies, revealing a total of 14 species-specific bands. They re-
vealed species-specific bands for all analyzed taxa, except for
the allopolyploidal S. russowii. ISSR markers had been previ-
ously used in taxonomic and population studies of peat moss
species [9,15]. Contrary to the ITS sequences popularly applied
in taxonomic research, ISSR markers supported the molecu-
lar identification of species of the genus Rhytidiadelphus [35].
Microsatellite markers also supported the molecular identifi-
cation of peat moss species of the section Subsecunda, while
the analysis of nuclear and chloroplast genes showed no sig-
nificant differences at the interspecific level [16].

Non-specific RAPD demonstrated only a slightly lower level
of effectiveness in the molecular identification of the analyzed
Sphagnum species (Tab. 3). Similarly to katG markers, the ap-
plied RAPD primers failed to reveal a species-specific band for
S. girgensohnii. Markers of this class were highly effective in
distinguishing between the morphologically similar S. capilli-
folium and S. rubellum species, revealing five species-specific
bands for each. RAPD markers were also successfully used in
identifying the species of the genus Fossombronia [30] as well
as the sibling species of Marchantia polymorpha [53]. RAPD
markers are often criticized for low replicability [28,29]. In an
attempt to obtain reproducible results in this study, the primer
annealing temperature was increased and high quality reagents
were used. The purity of DNA isolated by the modified CTAB
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method was also an important consideration [22].

Semi-specific IS] markers also revealed species-specific
bands. Similarly to the classes discussed above, IS] markers also
failed to reveal marker bands for S. girgensohnii. The highest
number of species-specific loci was revealed in S. fimbriatum
(3) and S. rubellum (4). Markers of this class are not commonly
used in taxonomic studies, but they proved to be effective spe-
cies-specific markers in a study of Aneura [21], Conocelphalum
[54], Pellia 23] and Polygonatum [20]. The greatest advantages
delivered by IS] markers include high specificity and lower de-
mand as regards the quality of reagents and matrix DNA in
comparison with RAPD markers. Primers complementary to
the sequence on the exon-intron boundary are also capable of
amplifying DNA fragments containing functional genes. The
above renders them a highly useful tool in conservation ge-
netics research [26].

ITS sequences proved to be effective in the molecular iden-
tification of species of the section Acutifolia. An analysis of
amplified ITS1 and ITS2 sequences involving restriction en-
zymes facilitated the identification of all studied taxa, reveal-
ing a minimal degree of polymorphism. The main strengths
of this class of markers are low demand as regards the qual-
ity of matrix DNA, which is a very important consideration
in herbaceous material analyses, and high reaction specificity.
The greatest weaknesses of this marker class include longer
analysis time and the need to use restriction enzymes which
increase procedural costs. ITS sequences are generally used in
taxonomic studies of bryophytes, but the majority of applica-
tions involve sequencing [17-19] rather than a restriction anal-
ysis [22,24,25].

The results of this study do not support equivocally of an
optimal marker type for the molecular identification of the in-
vestigated species. As regards the species marked by clear ge-
netic differences, such as S. fimbriatum and S. capillifolium,
satisfactory results were produced by analyses involving each
of the tested markers. As yet, in reference to the closely inter-
related species of S. fimbriatum and S. girgensohnii, species-
specific bands were revealed only by ITS and ISSR markers.
It should be noted that the sequence analysis of several nu-
clear and chloroplast regions did not show any fixed nucleo-
tide differences between those species [18]. A small number
of species-specific bands for S. russowii could be attributed to
the allopolyploid character of this species, which probably fol-
lowed from the hybridization of S. girgensohnii and S. rubellum
[10]. ISSRs could be regarded as optimal identification mark-
ers for most species owing to a high number of the revealed
species-specific bands and analytical simplicity. ITS markers
could offer a satisfactory alternative when herbaceous mate-
rial is examined.
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