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ABSTRACT
The genus Euplotes, a group of ciliated protists, has attracted attention as a model
organism due to its widespread distribution and ease of cultivation. This study
examines the evolutionary patterns of the SSU rRNA secondary structure within this
genus, aiming to elucidate its role in supporting evolutionary relationships and
uncovering cryptic species. By predicting the secondary structure of SSU rRNA and
applying the CBC (Compensatory Base Change) concept analysis, we examined 69
species of the genus Euplotes, with 57 SSU rRNA gene sequences retrieved from
GenBank and 12 newly sequenced specimens from South Korea. Our analysis
revealed significant variations in the V4 region secondary structure, particularly in
helix E23_8, across different clades of Euplotes. Reconstruction of the ancestral state
indicated a transition from a simpler (Type I) to a more complex (Type II) secondary
structure, with several species showing a reversal to Type I especially species in clade
VI, suggesting of reverse evolution. In addition, our study identified cryptic species
within Euplotes based on differences in the secondary structure of the V4 region,
particularly evident in clade VI, where CBC analysis highlighted differences in
E. minuta compared to E. vannus and E. crassus. These results highlight the utility of
molecular data in refining species boundaries and evolutionary patterns within the
genus Euplotes.
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INTRODUCTION
Genus Euplotes is a remarkably diverse genus of ciliates, comprising more than 100 species
(Bisby et al., 2010). This genus is notable for its cosmopolitan distribution and ease of
cultivation in the laboratory, as it is commonly found in a wide variety of environment.
Euplotes serves as a valuable model organism alongside Paramecium and Tetrahymena
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(Aury et al., 2006; Greider & Blackburn, 1989; Kruger et al., 1982; Sonneborn, 1975).
Euplotes has been extensively utilized in studies investigate the adaptation of single-celled
organisms to extreme conditions such as cold environments (La Terza et al., 2001;
Marziale et al., 2008;Mozzicafreddo et al., 2021), as well as research in mating on processes
and pheromone studies (Di Giuseppe et al., 2011; Gong et al., 2022; Pedrini et al., 2022), the
symbiotic relationships between symbionts and hosts (Boscaro et al., 2019a, 2019b;
Vannini et al., 2017), and the geographical distribution of unicellular organisms (Syberg-
Olsen et al., 2016). Given the importance of Euplotes’s as a model organism, numerous
studies have focused on species delimitation and the exploration of new species across
diverse environments and biogeographies (Abraham et al., 2021; Han, Pan & Jiang, 2022;
Lian et al., 2020; Syberg-Olsen et al., 2016; Valbonesi et al., 2021; Zhao et al., 2018). In the
process of delimitation within the genus Euplotes several cryptic species emerge due to
their indistinguishable morphological character (Wang et al., 2021; Zhao et al., 2018).
Molecular data have mainly played a supporting role in the phylogenetic studies of
Euplotes and in the attempt to reveal cryptic species within genus Euplotes (Zhao et al.,
2018). However, it should be noted that molecular data can play a more significant role
than previously discussed. For example, in the study of the genus Euplotes, molecular data,
such as SSU rRNA secondary structure, can serve as a key feature to identify new species
(Abraham et al., 2021).

The SSU rRNA secondary structure, which serving as a molecular character, exhibits
specific evolutionary patterns that have proven valuable in phylogenetic studies of different
taxa (Marin et al., 2003; Rusin et al., 2001; Telford, Wise & Gowri-Shankar, 2005; Voronova
& Chelomina, 2020). This is evident in phylogenetic studies of ciliates (Du, Zhao & Tang,
2018; Gao, Katz & Song, 2013; Gao et al., 2014; Li et al., 2008; Wang et al., 2015;
Zhang et al., 2014; Zhang et al., 2015). Components of the RNA secondary structure,
including stems, inner loops, hairpin loops, and bulges, are features that can support
traditional cladistics and contribute to our understanding of the universal tree of
life by examine the evolutionary patterns inherent in these molecular characters
(Caetano-Anollés, 2002).

The secondary structure of SSU rRNA contains nine variable regions (V1–V9) that
hold phylogenetic information. Among these, the V4 region is one of the most studied
in ciliates due to its superior ability to resolve phylogenetic relationships compared to
the V9 region (Dunthorn et al., 2012, 2014; Santoferrara, McManus & Alder, 2013). The
V4 region has been widely used to differentiate closely related ciliate taxa, such as
scuticociliates (Gao et al., 2014), litostomes (Strüder-Kypke et al., 2006), and haptorians
(Zhang, Simpson & Song, 2012). Furthermore, the V4 region is valuable for estimating the
diversity of different protist taxa due to its high mutation rate (Stoeck et al., 2010, 2014;
Santoferrara, McManus & Alder, 2013; Dunthorn et al., 2014).

In addition to elucidating taxonomic relationships and evolutionary history, the
secondary structure of SSU rRNA can also be used to distinguish between different species.
This is achieved through compensatory base change (CBC) analysis on the helices of the
secondary structure, which detects nucleotide base changes on both sides of the paired
bases. An experimental study by Coleman & Vacquier (2002) demonstrated a correlation
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between CBCs and sexual compatibility between species. The study found that taxa
differing by CBCs, even by just a single CBC in conserved pairing positions, showed
differences in sexual compatibility.

Therefore, this study aims (1) to observe the evolutionary pattern of the SSU rRNA
secondary structure of V4 region in the genus Euplotes as a speciose and model organism
group and its usability in supporting the phylogenetic and evolutionary of the genus
Euplotes, and (2) to reveal cryptic species within the genus Euplotes through CBC analysis
of the secondary structure of the V4 region.

MATERIALS AND METHODS
Sample collection and morphological study
Twelve species of Euplotes were collected from various locations in South Korea (Table 1).
These specimens were cultured in Petri dishes containing water from their respective
habitats. The cells were initially observed in their live state using a stereomicroscope
(Nikon SMZ800, Nishioi, Shinagawa-ku, Tokyo) to assess their typical shape, movement,
and behavior. For more detailed analysis, a differential interference contrast (DIC)
microscope (Axio Imager A.1, Carl Zeiss, Oberkochen, Germany) was used, allowing for
magnification between 100× and 1,000× for both live and stained samples.

DNA extraction, amplification, and sequencing
Genomic DNA extraction was performed using the RED Extract-N-Amp Tissue PCR Kit
from Sigma (St. Louis, MO, USA), according to the manufacturer’s instructions. For
polymerase chain reaction (PCR), the forward primer EUK A (5′-GAC CGT CCT AGT
TGG TC-3′) and the reverse primer EUK B (5′-CTT GGA CGY CTT CCT AGT-3′) were
used, as described by Medlin et al. (1988). PCR amplification was performed using the
TaKaRa ExTaq DNA polymerase kit from TaKaRa Bio-medicals (Otsu, Japan) according
to this specific protocol: an initial denaturation at 94 �C for 2 min, followed by 37 cycles of
denaturation at 95 �C for 30 s, annealing at 50 �C for 40 s, and extension at 72 �C for 4 min.
This was followed by a final extension at 72 �C for 10 min (Kim et al., 2011). Sequencing
was performed with bidirectional sequencing using the primers used in the PCR reaction
(EUK A and EUK B).

Predicting the secondary structure of the V4 region of SSU-rRNA and
CBC (compensatory base change) concept analysis
To predict the secondary structure of the SSU-rRNA, we performed an alignment of 69
SSU rRNA gene sequences from the species of genus Euplotes retrieved from GenBank
(NCBI) and together with newly sequenced species from Korea (Table 1), related genera
members (Certesia quadrinucleata, Aspidisca fusca, Euplotidium Rosati, Diophrys scutum,
Uronychia xinjiangensis, and Discocephalus pararotatorius) selected as an outgroup. The
alignment was performed using SSU-ALIGN and based on the alignment results from
SSU-ALIGN, it was determined that the V4 region is a longer variable region (163–261 bp)
(Table S1) and has more mutations compared to other variable regions (Fig. S1). From the
SSU-ALIGN results, we isolated the V4 region of the SSU rRNA gene (Nawrocki, 2009). To
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generate consensus secondary structure of the V4 region of genus Euplotes member, we
used RNAalifold software (Hofacker, 2008), the consensus secondary structure of V4
region used as a reference for predicting the secondary structure of the V4 region for each
species. The prediction of the secondary structure for each species was achieved by using
MFOLD, which calculates the minimum energy (Zuker, 2003). To guide the construction
of the secondary structure using MFOLD, we used the consensus secondary structure and
several criteria. First, we closed bilateral bulges (internal loops) present in published
models if they could consistently form G:C pairs with non-canonical pairing bases in the
stem. Second, we did not retain paired structures if multiple non-canonical base pairings
occurred, instead of canonical (G:C or A:U) or wobble (G:U) base pairs. Final, in cases
where multiple structures were predicted, we selected the structure with either the
minimum free energy or the best compatibility with similar sequences (Řeháková et al.,
2014; Voigt, Erpenbeck & Wörheide, 2008). The final secondary structure of the
hypervariable region of SSU-rRNA was visualized using RNAviz software (De Rijk, Wuyts
& De Wachter, 2003).

For the compensatory base change (CBC) analysis, we used 4SALE (Seibel et al., 2006) to
detect CBCs between sequence-structure pairs within the alignment. The CBC analysis was
applied to members of clade VI within the genus Euplotes (E. minuta, E. cf. mutabilis, E.
crenosus, E. japonicum, E. cristatus, E. crassus, and E. vannus) (Fig. S2).

Reconstruction of ancestral state
For the ancestral state analysis of the V4 (SSU-rRNA) secondary structure, we used
representative species from the genus Euplotes and related genera (Certesia
quadrinucleata, Aspidisca fusca, Euplotidium rosati, Diophrys scutum, Uronychia
xinjiangensis, and Discocephalus pararotatorius) (Table S1). The presence or absence of

Table 1 Characterization of SSU rRNA gene sequences of Euplotes species from Korea.

Taxon Collection site SSU rRNA gene Clade

GenBank
entry

Length
(nt)

GC
(%)

Euplotes cf. inkystans Dokdo, Korea PP648189 1,794 45.2 V

Euplotes cf. mutabilis Dokdo, Korea PP648190 1,836 44 VI

Euplotes crenosus Dokdo, Korea PP648191 1,972 42 VI

Euplotes neopolitanus Dokdo, Korea PP648192 1,874 42 IV

Euplotes trisulcatus Busan, Korea PP648193 1,750 45.3 V

Euplotes gracilis Ulsan, Korea PP648194 1,803 44 V

Euplotes muscorum oligomembrana n.subsp. Ulsan, Korea PP648195 1,814 43 V

Euplotes paramuscicola n.sp. Ulsan, Korea PP648196 1,807 46 V

Euplotes vannus pop.1 Pohang, Korea PP648197 1,840 43 VI

Euplotes vannus pop.2 Pohang, Korea PP648198 1,846 43 VI

Euplotes n. sp. Dokdo, Korea PP648199 1,807 45 V

Euplotes sp. Dokdo, Korea PP648200 1,797 45 V
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two additional helices on the extension helix E23_8 (Type I vs. Type II) (Fig. 1) was
mapped onto the best-likelihood tree generated by RAxML analysis on the CIPRES
platform (Miller, Pfeiffer & Schwartz, 2011). The character matrix and subsequent
ancestral state reconstruction were performed using the parsimony model in Mesquite
software (version 3.70) (Maddison & Maddison, 2021) (Table S1).

RESULTS
Significant characters of SSU rRNA secondary structure
In this study, we focused on the secondary structures of the V4 region. This choice was
prompted by the observation of a significant number of mutations in this region, as
indicated by the results of SSU-Align and primary sequence alignment. The consensus
secondary structure predicted for the V4 region by the RNAalifold software identified four
major helices (Fig. 1). In general, the secondary structure of each member of the genus
Euplotes consists of four helices, with variations observed specifically in helix E23_8. These
variations include two additional helices or hairpin loops at the end of the helix,
highlighting the structural diversity within the genus Euplotes in the V4 region (Fig. 1).

Each clade depicted in the phylogenetic tree (Fig. S2) has a distinct secondary structure
pattern. Members of clade I display a single large hairpin loop composed of 21 nucleotides
in helix E23_8 (Fig. 2). This structural feature is also shared by the members of clade II, but
smaller in size, consisting of 13 nucleotides (Fig. 2). Clade III is divided into two groups
based on the characteristics of the V4 secondary structure. The first group include species
with a hairpin loop consisting of five nucleotides (Fig. 2). Members of this group include
E. curdsi, E. dominicanus, E. estuarianus, E. nobili, E. raikovi, and E. shii (Fig. 3). The
second group is characterized by a long helix in E23_8 and the presence of two additional
helices (E23_11 & E23_12) (Fig. 2). This group includes E. bergeri, E. elegans, E. qatarensis,
and E. wuhanensis (Fig. 3). All members of clade IV share a V4 secondary structure

Figure 1 Summary of V4 secondary structure on Euplotes and related genera. (A) Helices of V4 secondary structure marked in red, representing
helices commonly found in Prokaryotes (Bacteria), and in green mark, representing extended helices in Eukaryotes (Lee & Gutell, 2012), (B) V4
secondary structure type I in genus Euplotes members, featuring one hairpin loop at the end of E23_8, (C) V4 secondary structure type II in genus
Euplotes members, with two extra helices (E23_11 & E23_12). Full-size DOI: 10.7717/peerj.18852/fig-1

Wardani et al. (2025), PeerJ, DOI 10.7717/peerj.18852 5/15

http://dx.doi.org/10.7717/peerj.18852/supp-1
http://dx.doi.org/10.7717/peerj.18852/supp-5
http://dx.doi.org/10.7717/peerj.18852/fig-1
http://dx.doi.org/10.7717/peerj.18852
https://peerj.com/


characterized by the presence of two additional helices (E23_11 & E23_12), with the helix
E23_8 shorter compared to the second group of clade III (Fig. 2). All members of clade V
have two additional helices, except for three species that have a single hairpin loop at the
end of helix E23_8 (Fig. 3). These three species are E. trisulcatus (hairpin loop consisting of
32 nucleotides), E. trisulcatus (hairpin consisting of 17 nucleotides) and E. shini (hairpin
loop consisting of 29 nucleotides) (Fig. 2). In clade VI, members share a common pattern
of a single large hairpin loop composed of 25–29 nucleotides. Interestingly, E. minuta, a
member of clade VI, deviates from this pattern and show two additional helices (E23_11 &
E23_12) (Fig. 3 and Fig. S2).

In addition to secondary structure, we applied compensatory base change (CBC)
analysis to the members of clade VI, focusing specifically on the genus Euplotes

Figure 2 Several species of the genus Euplotes and their V4 secondary structure (E23_8, E23_11, and E23_12).
Full-size DOI: 10.7717/peerj.18852/fig-2
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vannus-minuta-crassus complex. The CBC shows that E. minuta has one CBC compared
to other members of clade VI (Fig. 4).

Ancestral state of V4 secondary structure within genus Euplotes
The ancestral state was analyzed using the V4 secondary structure within the genus
Euplotes to discern the evolutionary pattern of molecular characters, with particular focus
on helix E23_8 (hairpin loop vs. two additional helices) (Fig. 1). The V4 secondary
structure type I represents a molecular feature inherited from the ancestor of the genus
Euplotes, and it is retained in members of clade I and II (Fig. 3). The ancestral state analysis
shows that Type II of the V4 secondary structure, indicating the addition of two helices, is

Figure 3 Ancestral state analysis of V4 in the genus Euplotes, with V4 secondary structure “Type I” and “Type II” as characters.
Full-size DOI: 10.7717/peerj.18852/fig-3
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evolve feature compared to Type I of the V4 secondary structure (Fig. 3). Type II V4
secondary structure is commonly observed in almost all members of clade III to V with the
exceptions of a few species that have Type I of the V4 secondary structure as their
molecular character. These species include E. dominicanus, E. estuarinus, E. curdsi, E.
nobilii, and E. shii in clade III, and E. trisulcatus, E. bisulcatus and E. shini in clade V
(Fig. 3).

An interesting observation arises in the members of clade VI, where all members except
E. minuta have Type I of the V4 secondary structure as their molecular character. Clade VI
appears to represent a relatively recent clade in the phylogenetic tree of the genus, and
these results suggest a remark reappearance of primitive characters reappearing in the
most advanced species within this clade (Fig. 3).

DISCUSSION
Reverse evolutionary pattern of the V4 secondary structure within the
genus Euplotes
The Type I of V4 secondary structure is regarded as simpler compared to Type II, as it
shares structural similarities to the V4 secondary structure found in prokaryotes. In
prokaryotes, the E23 (V4) region typically lacks an additional helix, indicating a primitive
feature compared to eukaryotes (Lee & Gutell, 2012). This primitive feature is observed in
members of the genus Euplotes and outgroup genera used as the earliest divergence group
at the base of the phylogenetic tree, as supported by molecular clock analysis (Fig. S3). The
primitive character of the V4 secondary structure was also observed in some later diverging
species, particularly in Group VI (Fig. 3 & Fig. S1).

The secondary structure of V4 in the common ancestor of the genus Euplotes is
characterized by Type I, which later evolved into the more complex Type II structure
(Fig. 3). Interestingly, in certain evolved species there was a reduction in the E23_11 and
E23_12 helices, resulting in a reversion to the Type I V4 secondary structure (Fig. 3). This
pattern is suggestive of reverse evolution, where a character state changes to resemble the

Figure 4 Euplotes minuta shows one compensatory base change (CBC) compared to another member of Clade VI.
Full-size DOI: 10.7717/peerj.18852/fig-4
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ancestral state, involving reversals and regressions that reflect evolutionary patterns of
reversion to earlier or simplified forms after initially becoming more complex (Porter &
Crandall, 2003; Teotónio & Rose, 2001).

The structural variations observed in the V4 secondary structure result from deletions
or insertions in the V4 SSU rRNA region (Fig. S4). This pattern suggests that the
occurrence of insertions or deletions in this region implies its lack of conservation and
limited relevance to ribosome function, and thus the high degree of evolutionary change in
this region is unlikely to have a significant impact on ribosomal function (Wuyts, Van de
Peer & De Wachter, 2001). Although this region may not directly affect ribosome function,
it is important because of the exceptionally high mutation rate within the SSU rRNA gene
sequence. This region is likely to play a critical role in maintaining the free energy level to
support the conservation of the SSU rRNA secondary structure. This study shows that the
Type II of the V4 secondary structure has a more favorable free energy profile when
compared to Type I (Table S1). The reverse evolution of the V4 secondary structure is not
driven by the energy favorability, but is likely due to deletions that occur within this
specific region.

The evolutionary pattern of V4 secondary structure supports the
primitive nature of the basal clade in the genus Euplotes
The genus Euplotes shows distinct groupings, with a basal group (clade I) containing
species such as E. huizhouensis, E. petzi, and E. sinicus, and subsequent divergent groups
(clades II to VI) (Fig. 3). The evolutionary pattern of the V4 secondary structure shows that
clade I, as a basal group, has primitive or ancestral characteristics compared to the later
evolved groups. This pattern extends beyond molecular characters, morphological
characters also follow a similar trend. Specifically, the basal group (clade I) displays a
distinctive double-pattern argyrome character, representing the ancestral state of the genus
Euplotes. In addition, these species display 10 fronto-ventral cirri (FVC), another character
considered primitive or plesiomorphic in the genus Euplotes. In summary, molecular
evidence from the V4 secondary structure supports the idea that species in the basal group
(clade I) of the genus Euplotes are characterized by primitive traits compared to species in
later diverging groups (clades II to VI), as reflected in their morphological characters
(Syberg-Olsen et al., 2016; Zhao et al., 2018).

Cryptic species within the genus Euplotes in clade VI are revealed by
the CBC concept in the V4 secondary structure
In this study, the CBC concept is applied to the members within clade VI, that potentially
contain cryptic species. The presence of cryptic species makes it difficult to distinguish the
species by morphological characters. By examining the secondary structure of V4, it is clear
that E. minuta has a different structure compared to other members of clade VI. The CBC
shows changes in nucleotide bonds in E. minuta compared to E. crassus, E. vannus, E. cf.
mutabilis, and E. japonicum. To date, cryptic species have been identified among
E. minuta, E. crassus, and E. vannus, which can be distinguished mainly by cell size alone
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(Dini, 1984; Valbonesi, Ortenzi & Luporini, 1988). However, the presence of CBC in
E. minuta allows us to reasonably conclude that E. minuta represents a separate species
from E. crassus and E. vannus. Furthermore, the CBC concept in E. crassus and E. vannus
is consistent with evidence that both species are capable of mating under laboratory
conditions (Valbonesi, Ortenzi & Luporini, 1988). This mating compatibility results from
their morphological and chemical compatibility, in particular their pheromones.
Considering both mating compatibility and the CBC concept, it is plausible that these two
species are more appropriately classified as a single species.

CONCLUSIONS
The study of the V4 secondary structure within the genus Euplotes provides valuable
insights into the evolutionary dynamics of this group. The observed pattern of reverse
evolution, in which the V4 structure reverts from the more complex Type II to the simpler
Type I, suggests a reversion to ancestral features. Furthermore, the application of CBC
analysis within Clade VI reveals the presence of cryptic species, providing a more
nuanced understanding of species differentiation within Euplotes. The CBC
analysis not only supports the distinct classification of species such as E. minuta but also
raises the possibility that E. crassus and E. vannus may share such close genetic
similarities that they could potentially be considered as a single species. In conclusion, this
research highlights the evolutionary complexity within the genus Euplotes and
demonstrates the effectiveness of molecular tools such as V4 secondary structure
analysis and CBC in elucidating species relationships and evolutionary history. These
findings contribute to a deeper understanding of the processes driving diversity within
the genus.

ACKNOWLEDGEMENTS
We thank MD Abu Taher (University of Ulsan, University of British Columbia) for
providing sample (Euplotes gracilis, Euplotes vannus pop1 and pop2) for analysis in this
article.

ADDITIONAL INFORMATION AND DECLARATIONS

Funding
This work was supported by the NRF Korea grant funded by the Ministry of Education of
the Republic of Korea (2021R1I1A2048744). The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript.

Grant Disclosures
The following grant information was disclosed by the authors:
Ministry of Education of the Republic of Korea: 2021R1I1A2048744.

Competing Interests
The authors declare that they have no competing interests.

Wardani et al. (2025), PeerJ, DOI 10.7717/peerj.18852 10/15

http://dx.doi.org/10.7717/peerj.18852
https://peerj.com/


Author Contributions
. Ratih Kusuma Wardani conceived and designed the experiments, performed the
experiments, analyzed the data, prepared figures and/or tables, authored or reviewed
drafts of the article, and approved the final draft.

. Ragib Ahsan performed the experiments, authored or reviewed drafts of the article, and
approved the final draft.

. Mann Kyoon Shin conceived and designed the experiments, authored or reviewed drafts
of the article, and approved the final draft.

DNA Deposition
The following information was supplied regarding the deposition of DNA sequences:

The newly sequenced species are available at GenBank: PP648189 to PP648201.

Data Availability
The following information was supplied regarding data availability:

The data is available in the Supplemental Files.

Supplemental Information
Supplemental information for this article can be found online at http://dx.doi.org/10.7717/
peerj.18852#supplemental-information.

REFERENCES
Abraham JS, Somasundaram S, Maurya S, Gupta R, Makhija S, Toteja R. 2021. Characterization

of Euplotes lynni nov. spec., E. indica nov. spec. and description of E. aediculatus and
E. woodruffi (Ciliophora, Euplotidae) using an integrative approach. European Journal of
Protistology 79:125779 DOI 10.1016/j.ejop.2021.125779.

Aury JM, Jaillon O, Duret L, Noel B, Jubin C, Porcel BM, Ségurens B, Daubin V, Anthouard V,
Aiach N, Arnaiz O. 2006. Global trends of whole-genome duplications revealed by the ciliate
Paramecium tetraurelia. Nature 444(7116):171–178 DOI 10.1038/nature05230.

Bisby FA, Roskov YR, Orrell TM, Nicolson D, Paglinawan LE, Bailly N, Kirk PM, Bourgoin T,
Baillargeon G. 2010. Species 2000 & ITIS catalogue of life: 2010 annual checklis. Available at
http://www.catalogueoflife.org/annual-checklist/2010 (accessed 1 November 2023).

Boscaro V, Husnik F, Vannini C, Keeling PJ. 2019a. Symbionts of the ciliate Euplotes: diversity,
patterns and potential as models for bacteria–eukaryote endosymbioses. Proceedings of the Royal
Society B: Biological Sciences 286(1907):20190693 DOI 10.1098/rspb.2019.0693.

Boscaro V, Syberg-Olsen MJ, Irwin NA, Del Campo J, Keeling PJ. 2019b. What can
environmental sequences tell us about the distribution of low-rank taxa? the case of Euplotes
(Ciliophora, Spirotrichea), including a description of Euplotes enigma sp nov. Journal of
Eukaryotic Microbiology 66(2):281–293 DOI 10.1111/jeu.12669.

Caetano-Anollés G. 2002. Evolved RNA secondary structure and the rooting of the universal tree
of life. Journal of Molecular Evolution 54(3):333–345 DOI 10.1007/s00239-001-0048-3.

Coleman AW, Vacquier VD. 2002. Exploring the phylogenetic utility of ITS sequences for
animals: a test case for abalone (Haliotis). Journal of Molecular Evolution 54(2):246–257
DOI 10.1007/s00239-001-0006-0.

De Rijk P, Wuyts J, De Wachter R. 2003. RnaViz 2: an improved representation of RNA
secondary structure. Bioinformatics 19(2):299–300 DOI 10.1093/bioinformatics/19.2.299.

Wardani et al. (2025), PeerJ, DOI 10.7717/peerj.18852 11/15

http://www.ncbi.nlm.nih.gov/nuccore/PP648189
http://www.ncbi.nlm.nih.gov/nuccore/PP648201
http://dx.doi.org/10.7717/peerj.18852#supplemental-information
http://dx.doi.org/10.7717/peerj.18852#supplemental-information
http://dx.doi.org/10.7717/peerj.18852#supplemental-information
http://dx.doi.org/10.1016/j.ejop.2021.125779
http://dx.doi.org/10.1038/nature05230
http://www.catalogueoflife.org/annual-checklist/2010
http://dx.doi.org/10.1098/rspb.2019.0693
http://dx.doi.org/10.1111/jeu.12669
http://dx.doi.org/10.1007/s00239-001-0048-3
http://dx.doi.org/10.1007/s00239-001-0006-0
http://dx.doi.org/10.1093/bioinformatics/19.2.299
http://dx.doi.org/10.7717/peerj.18852
https://peerj.com/


Di Giuseppe G, Erra F, Dini F, Alimenti C, Vallesi A, Pedrini B, Wüthrich K, Luporini P. 2011.
Antarctic and Arctic populations of the Ciliate Euplotes nobilii show common
pheromone-mediated cell-cell signaling and cross-mating. Proceedings of the National Academy
of Sciences of the United States of America 108(8):3181–3186 DOI 10.1073/pnas.1019432108.

Dini F. 1984. On the evolutionary significance of autogamy in the marine Euplotes (Ciliophora:
Hypotrichida). The American Naturalist 123(2):151–162 DOI 10.1086/284194.

Du YH, Zhao YJ, Tang FH. 2018. A new molecular approach based on the secondary structure of
ribosomal RNA for phylogenetic analysis of Mobilid Ciliates. Current Microbiology
75(3):296–304 DOI 10.1007/s00284-017-1379-7.

Dunthorn M, Klier J, Bunge J, Stoeck T. 2012. Comparing the hyper-variable V4 and V9 regions
of the small subunit rDNA for assessment of ciliate environmental diversity. Journal of
Eukaryotic Microbiology 59(2):185–187 DOI 10.1111/j.1550-7408.2011.00602.x.

Dunthorn M, Otto J, Berger SA, Stamatakis A, Mahé F, Romac S, de Vargas C, Audic S,
Consortium B, Stock A, Kauff F, Stoeck T. 2014. Placing environmental next- generation
sequencing amplicons from microbial eukaryotes into a phylogenetic context.Molecular Biology
and Evolution 31(4):993–1009 DOI 10.1093/molbev/msu055.

Gao F, Gao S, Wang P, Katz LA, Song W. 2014. Phylogenetic analyses of cyclidiids (Protista,
Ciliophora, Scuticociliatia) based on multiple genes suggest their close relationship with
thigmotrichids. Molecular Phylogenetics and Evolution 75:219–226
DOI 10.1016/j.ympev.2014.01.032.

Gao F, Katz LA, Song W. 2013. Multigene-based analyses on evolutionary phylogeny of two
controversial ciliate orders: Pleuronematida and Loxocephalida (Protista, Ciliophora,
Oligohymenophorea). Molecular Phylogenetics Evolution 68(1):55–63
DOI 10.1016/j.ympev.2013.03.018.

Gong R, Chi Y, Shao C, Yuan Q, Li Y, Warren A, Wang Y. 2022. Conjugation in the eukaryotic
single-celled organism Euplotes aediculatus (Protozoa, Ciliophora): a focus on nuclear divisions,
morphogenesis, and pheromones. Journal of King Saud University-Science 34(5):102091
DOI 10.1016/j.jksus.2022.102091.

Greider CW, Blackburn EH. 1989. A telomeric sequence in the RNA of Tetrahymena telomerase
required for telomere repeats synthesis. Nature 337(6205):331–337 DOI 10.1038/337331a0.

Han K, Pan H, Jiang J. 2022. Taxonomy and SSU rRNA gene-based phylogeny of two new
Euplotes species from China: E. chongmingensis n. sp. and E. paramieti n. sp. (Protista,
Ciliophora). BMC Microbiology 22(1):1–12 DOI 10.1186/s12866-022-02543-9.

Hofacker IL. 2008. RNA consensus structure prediction with RNAalifold. Comparative Genomics
395:527–544 DOI 10.1007/978-1-59745-514-5_33.

Kim SJ, Choi JK, Ryu S, Min GS. 2011. Single-cell PCR on protargol-impregnated euplotid
ciliates: a combined approach of morphological and molecular taxonomy. Animal Cells and
Systems 15(3):251–258 DOI 10.1080/19768354.2011.604943.

Kruger K, Grabowski PJ, Zaug AJ, Sands J, Gottschling DE, Cech TR. 1982. Self-splicing RNA:
autoexcision and autocyclization of the ribosomal RNA intervening sequence of Tetrahymena.
Cell 31(1):147–157 DOI 10.1016/0092-8674(82)90414-7.

La Terza A, Papa G, Miceli C, Luporini P. 2001. Divergence between two Antarctic species of the
ciliate Euplotes, E. focardii and E. nobilii, in the expression of heat-shock protein 70 genes.
Molecular Ecology 10(4):1061–1067 DOI 10.1046/j.1365-294X.2001.01242.x.

Lee JC, Gutell RR. 2012. A comparison of the crystal structures of eukaryotic and bacterial SSU
ribosomal RNAs reveals common structural features in the hypervariable regions. PLOS ONE
7(5):e38203 DOI 10.1371/journal.pone.0038203.

Wardani et al. (2025), PeerJ, DOI 10.7717/peerj.18852 12/15

http://dx.doi.org/10.1073/pnas.1019432108
http://dx.doi.org/10.1086/284194
http://dx.doi.org/10.1007/s00284-017-1379-7
http://dx.doi.org/10.1111/j.1550-7408.2011.00602.x
http://dx.doi.org/10.1093/molbev/msu055
http://dx.doi.org/10.1016/j.ympev.2014.01.032
http://dx.doi.org/10.1016/j.ympev.2013.03.018
http://dx.doi.org/10.1016/j.jksus.2022.102091
http://dx.doi.org/10.1038/337331a0
http://dx.doi.org/10.1186/s12866-022-02543-9
http://dx.doi.org/10.1007/978-1-59745-514-5_33
http://dx.doi.org/10.1080/19768354.2011.604943
http://dx.doi.org/10.1016/0092-8674(82)90414-7
http://dx.doi.org/10.1046/j.1365-294X.2001.01242.x
http://dx.doi.org/10.1371/journal.pone.0038203
http://dx.doi.org/10.7717/peerj.18852
https://peerj.com/


Li L, Song W, Warren A, Shin MK, Chen Z, Ji D, Sun P. 2008. Reconsideration of the
phylogenetic positions of five peritrich genera, Vorticella, Pseudovorticella, Zoothamnopsis,
Zoothamnium, and Epicarchesium (Ciliophora, Peritrichia, Sessilida), based on small subunit
rRNA gene sequence. Journal of Eukaryotic Microbiology 55(5):448–456
DOI 10.1111/j.1550-7408.2008.00351.x.

Lian C, Wang Y, Li L, AL-Rasheid KA, Jiang J, Song W. 2020. Taxonomy and SSU rDNA-based
phylogeny of three new Euplotes species (Protozoa, Ciliophora) from China seas. Journal of King
Saud University-Science 32(2):1286–1292 DOI 10.1016/j.jksus.2019.11.013.

Maddison WP, Maddison DR. 2021. Mesquite: a modular system for evolutionary analysis.
Version 3.70. Available at http://www.mesquiteproject.org.

Marin B, Palm A, Klingberg MAX, Melkonian M. 2003. Phylogeny and taxonomic revision of
plastid-containing Euglenophytes based on SSU rDNA sequence comparisons and
synapomorphic signatures in the SSU rRNA secondary structure. Protist 154(1):99–145
DOI 10.1078/143446103764928521.

Marziale F, Pucciarelli S, Ballarini P, Melki R, Uzun A, Ilyin VA, Detrich IIIHW, Miceli C.
2008. Different roles of two γ-tubulin isotypes in the cytoskeleton of the Antarctic ciliate
Euplotes focardii: remodelling of interaction surfaces may enhance microtubule nucleation at
low temperature. The FEBS Journal 275(21):5367–5382 DOI 10.1111/j.1742-4658.2008.06666.x.

Medlin L, Elwood HJ, Stickel S, Sogin ML. 1988. The characterization of enzymatically amplified
Eukaryotic 16S-like rRNA-coding regions. Gene 71(2):491–499
DOI 10.1016/0378-1119(88)90066-2.

Miller MA, Pfeiffer W, Schwartz T. 2011. The CIPRES science gateway: a community resource for
phylogenetic analyses. Proceedings of the 2011 Tera Grid Conference on Extreme Digital
Discovery 41:1–8 DOI 10.1145/2016741.2016785.

Mozzicafreddo M, Pucciarelli S, Swart EC, Piersanti A, Emmerich C, Migliorelli G, Ballarini P,
Miceli C. 2021. The macronuclear genome of the Antarctic psychrophilic marine ciliate Euplotes
focardii reveals new insights on molecular cold adaptation. Scientific Reports 11(1):18782
DOI 10.1038/s41598-021-98168-5.

Nawrocki EP. 2009. Structural RNA homology search and alignment using covariance models. PhD
thesis. Washington University in St. Louis, St. Louis, MO, USA.

Pedrini B, Finke AD, Marsh M, Luporini P, Vallesi A, Alimenti C. 2022. Crystal structure of the
pheromone Er-13 from the ciliate Euplotes raikovi, with implications for a protein-protein
association model in pheromone/receptor interactions. Journal of Structural Biology
214(1):107812 DOI 10.1016/j.jsb.2021.107812.

Porter ML, Crandall KA. 2003. Lost along the way: the significance of evolution in reverse. Trends
in Ecology & Evolution 18(10):541–547 DOI 10.1016/S0169-5347(03)00244-1.

Řeháková K, Johansen JR, Bowen MB, Martin MP, Sheil CA. 2014. Variation in secondary
structure of the 16S rRNAmolecule in cyanobacteria with implications for phylogenetic analysis.
Fottea 14(2):161–178 DOI 10.5507/fot.2014.013.

Rusin LY, Aleshin VV, Vladychenskaya NS, Milyutina IA, Kedrova OS, Petrov NB. 2001.
Trefusiidae are a subtaxon of marine Enoplida (Nematoda): evidence from primary structure of
hairpin 35 and 48 loops of SSU rRNA gene. Molecular Biology 35(5):78–784
DOI 10.1023/A:1012394808661.

Santoferrara LF, McManus GB, Alder VA. 2013. Utility of genetic markers and morphology for
species discrimination within the order Tintinnida (Ciliophora, Spirotrichea). Protist
164(1):24–36 DOI 10.1016/j.protis.2011.12.002.

Wardani et al. (2025), PeerJ, DOI 10.7717/peerj.18852 13/15

http://dx.doi.org/10.1111/j.1550-7408.2008.00351.x
http://dx.doi.org/10.1016/j.jksus.2019.11.013
http://www.mesquiteproject.org
http://dx.doi.org/10.1078/143446103764928521
http://dx.doi.org/10.1111/j.1742-4658.2008.06666.x
http://dx.doi.org/10.1016/0378-1119(88)90066-2
http://dx.doi.org/10.1145/2016741.2016785
http://dx.doi.org/10.1038/s41598-021-98168-5
http://dx.doi.org/10.1016/j.jsb.2021.107812
http://dx.doi.org/10.1016/S0169-5347(03)00244-1
http://dx.doi.org/10.5507/fot.2014.013
http://dx.doi.org/10.1023/A:1012394808661
http://dx.doi.org/10.1016/j.protis.2011.12.002
http://dx.doi.org/10.7717/peerj.18852
https://peerj.com/


Seibel PN, Müller T, Dandekar T, Schultz J, Wolf M. 2006. 4SALE–a tool for synchronous RNA
sequence and secondary structure alignment and editing. BMC Bioinformatics 7:498
DOI 10.1186/1471-2105-7-498.

Sonneborn TM. 1975. The Paramecium aurelia complex of fourteen sibling species. Transactions
of the American Microscopical Society 94(2):155–178 DOI 10.2307/3224977.

Stoeck T, Bass D, Nebel M, Christen R, Jones M, Breiner H, Richards TA. 2010.Multiple marker
parallel tag environmental DNA sequencing reveals a highly complex eukaryotic community in
marine anoxic water. Molecular Ecology 19(Suppl. 1):21–31
DOI 10.1111/j.1365-294X.2009.04480.x.

Stoeck T, Breiner HW, Filker S, Ostermaier V, Kammerlander B, Sonntag B. 2014. A
morphogenetic survey on ciliate plankton from a mountain lake pinpoints the necessity of
lineage-specific barcode markers in microbial ecology. Environment Microbiology 16(2):430–444
DOI 10.1111/1462-2920.12194.

Strüder-Kypke MC, Wright ADG, Foissner W, Chatzinotas A, Lynn DH. 2006. Molecular
phylogeny of litostome ciliates (Ciliophora, Litostomatea) with emphasis on free-living
haptorian genera. Protist 157(3):261–278 DOI 10.1016/j.protis.2006.03.003.

Syberg-Olsen MJ, Irwin NA, Vannini C, Erra F, Di Giuseppe G, Boscaro V, Keeling PJ. 2016.
Biogeography and character evolution of the ciliate genus Euplotes (Spirotrichea, Euplotia), with
description of Euplotes curdsi sp. nov. PLOS ONE 11(11):e0165442
DOI 10.1371/journal.pone.0165442.

Telford MJ, Wise MJ, Gowri-Shankar V. 2005. Consideration of RNA secondary structure
significantly improves likelihood-based estimates of phylogeny: examples from the bilateria.
Molecular Biology and Evolution 22(4):1129–1136 DOI 10.1093/molbev/msi099.

Teotónio H, Rose MR. 2001. Perspective: reverse evolution. Evolution Education and Outreach
55(4):653–660 DOI 10.1111/j.0014-3820.2001.tb00800.x.

Valbonesi A, Di Giuseppe G, Vallesi A, Luporini P. 2021. Two new species of Euplotes with
cirrotype-9, Euplotes foissneri sp. nov. and Euplotes warreni sp. nov. (Ciliophora, Spirotrichea,
Euplotida), from the coasts of Patagonia: implications from their distant, early and late
branching in the Euplotes phylogenetic tree. International Journal of Systematic and
Evolutionary Microbiology 71(1):4568 DOI 10.1099/ijsem.0.004568.

Valbonesi A, Ortenzi C, Luporini P. 1988. An integrated study of the species problem in the
Euplotes crassus-minuta-vannus Group 1. The Journal of Protozoology 35(1):38–45
DOI 10.1111/j.1550-7408.1988.tb04073.x.

Vannini C, Sigona C, Hahn M, Petroni G, Fujishima M. 2017. High degree of specificity in the
association between symbiotic Betaproteobacteria and the host Euplotes (Ciliophora, Euplotia).
European Journal of Protistology 59:124–132 DOI 10.1016/j.ejop.2017.04.003.

Voigt O, Erpenbeck D, Wörheide G. 2008. Molecular evolution of rDNA in early diverging
Metazoa: first comparative analysis and phylogenetic application of complete SSU rRNA
secondary structures in Porifera. BMC Evolutionary Biology 8(1):69
DOI 10.1186/1471-2148-8-69.

Voronova AN, Chelomina GN. 2020. The SSU rRNA secondary structures of the Plagiorchiida
species (Digenea), its applications in systematics and evolutionary inferences. Infection, Genetics
and Evolution 78(1):104042 DOI 10.1016/j.meegid.2019.104042.

Wang P, Gao F, Huang J, Strüder-Kypke M, Yi Z. 2015. A case study to estimate the applicability
of secondary structures of SSU-rRNA gene in taxonomy and phylogenetic analyses of ciliates.
Zoologica Scripta 44(5):574–585 DOI 10.1111/zsc.12122.

Wardani et al. (2025), PeerJ, DOI 10.7717/peerj.18852 14/15

http://dx.doi.org/10.1186/1471-2105-7-498
http://dx.doi.org/10.2307/3224977
http://dx.doi.org/10.1111/j.1365-294X.2009.04480.x
http://dx.doi.org/10.1111/1462-2920.12194
http://dx.doi.org/10.1016/j.protis.2006.03.003
http://dx.doi.org/10.1371/journal.pone.0165442
http://dx.doi.org/10.1093/molbev/msi099
http://dx.doi.org/10.1111/j.0014-3820.2001.tb00800.x
http://dx.doi.org/10.1099/ijsem.0.004568
http://dx.doi.org/10.1111/j.1550-7408.1988.tb04073.x
http://dx.doi.org/10.1016/j.ejop.2017.04.003
http://dx.doi.org/10.1186/1471-2148-8-69
http://dx.doi.org/10.1016/j.meegid.2019.104042
http://dx.doi.org/10.1111/zsc.12122
http://dx.doi.org/10.7717/peerj.18852
https://peerj.com/


Wang C, Hu Y, Warren A, Hu X. 2021. Genetic diversity and phylogeny of the genus Euplotes
(Protozoa, Ciliophora) revealed by the mitochondrial CO1 and nuclear ribosomal genes.
Microorganisms 9(11):2204 DOI 10.3390/microorganisms9112204.

Wuyts J, Van de Peer Y, De Wachter R. 2001. Distribution of substitution rates and location of
insertion sites in the tertiary structure of ribosomal RNA. Nucleic Acids Research
29(24):5017–5028 DOI 10.1093/nar/29.24.5017.

Zhang Q, Simpson A, Song W. 2012. Insights into the phylogeny of systematically controversial
haptorian ciliates (Ciliophora, Litostomatea) based on multigene analyses. Proceedings of the
Royal Society B: Biological Sciences 279(1738):2625–2635 DOI 10.1098/rspb.2011.2688.

Zhang Q, Yi Z, Fan X, Warren A, Gong J, Song W. 2014. Further insights into the phylogeny of
two ciliate classes Nassophorea and Prostomatea (Protista, Ciliophora).Molecular Phylogenetics
Evolution 70(94):162–170 DOI 10.1016/j.ympev.2013.09.015.

Zhang Y, Zhao YJ, Wang Q, Tang FH. 2015. New comparative analysis based on the secondary
structure of SSU-rRNA gene reveals the evolutionary trend and the family-genus characters of
Mobilida (Ciliophora, Peritrichia). Current Microbioloy 71(2):259–267
DOI 10.1007/s00284-015-0848-0.

Zhao Y, Yi Z, Warren A, Song WB. 2018. Species delimitation for the molecular taxonomy and
ecology of the widely distributed microbial eukaryote genus Euplotes (Alveolata, Ciliophora).
Proceedings of the Royal Society B: Biological Sciences 285(1871):20172159
DOI 10.1098/rspb.2017.2159.

Zuker M. 2003. Mfold web server for nucleic acid folding and hybridization prediction. Nucleic
Acids Research 31(13):3406–3415 DOI 10.1093/nar/gkg595.

Wardani et al. (2025), PeerJ, DOI 10.7717/peerj.18852 15/15

http://dx.doi.org/10.3390/microorganisms9112204
http://dx.doi.org/10.1093/nar/29.24.5017
http://dx.doi.org/10.1098/rspb.2011.2688
http://dx.doi.org/10.1016/j.ympev.2013.09.015
http://dx.doi.org/10.1007/s00284-015-0848-0
http://dx.doi.org/10.1098/rspb.2017.2159
http://dx.doi.org/10.1093/nar/gkg595
http://dx.doi.org/10.7717/peerj.18852
https://peerj.com/

	Evolutionary patterns of the SSU rRNA (V4 region) secondary structure in genus Euplotes (Ciliophora, Spirotrichea): insights into cryptic species and primitive traits ...
	Introduction
	Materials and Methods
	Results
	Discussion
	Conclusions
	flink6
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (None)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


