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Chlorolilaea pamvotia (Lortou&Gkelis) Lortou & Gkelis 2023: A new record of
freshwater green algae (Chlorophyta) in Turkiye
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Abstract

Green algae (Chlorophyta) are photosynthetic organisms, the majority of which inhabit freshwater environments, with
only a small proportion found in saltwater. This group represents a diverse range of species. Therefore, due to the
morphological similarities and small size of different species, molecular characterization is essential for accurate
identification. Molecular techniques, which have become increasingly widespread in recent years, allow for the
identification of species that are morphologically indistinguishable or rare. In this study, 18S rRNA molecular sequencing
was performed following the morphological identification of green algae isolated from Batlama Stream. The results
confirmed that the isolated species was Chlorolilaca pamvotia (Lortou & Gkelis) Lortu & Gkelis, 2023. This marks the
first record of this species in the freshwater algal flora of Tirkiye.
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Chlorolilaea pamvotia (Lortou&Gkelis) Lortou & Gkelis 2023: Tiirkiye Tathsu
Yesil Alglerinin Yeni Bir Kaydi

Oz

Yesil algler (Chlorophyta), ¢ogunlugu tatl sularda, ¢ok az bir kismu tuzlu sularda bulunan fotosentetik organizmalardir.
Bu grup, ¢esitlilik agisindan zengin bir yelpazeye sahiptir. Bundan dolayi, farkl: tiirlerin morfolojik benzerlikleri ve kii¢iik
boyutlar1 nedeniyle dogru kimliklendirme igin molekiiler karakterizasyon gereklidir. Son yillarda giderek daha yaygin
hale gelen molekiiler teknikler, morfolojik olarak ayirt edilemeyen veya nadir goriilen tiirlerin kimliklendirilmesine
olanak tanir. Bu ¢aligmada, Batlama Deresi’nden izole edilen yesil alglerin morfolojik kimliklendirmesinin ardindan, 18S
rRNA molekiiler dizileme yontemi uygulanmstir. Elde edilen sonuglar, izole edilen tiirtin Chlorolilaea pamvotia (Lortou
& Gkelis) Lortu & Gkelis, 2023 oldugunu ve bu tiiriin Tiirkiye'nin tath su alg florasinda ilk kez kaydedildigini ortaya
koymustur.

Anahtar Kelimeler: Yesil alg, Tatli su, Yeni kayit, 18S rRNA, Molekiiler karakterizasyon.
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1. Introduction

Algae are photosynthetic organisms, either prokaryotic or eukaryotic, that lack true organ
differentiation, such as roots, stems, or leaves. They possess the ability to transform environmental
nitrogen and phosphorus into biomass through the utilization of light, CO-, and water (Ometto et al.,
2014). As one of the most prevalent groups in aquatic ecosystems, algae thrive in a wide array of
habitats, including freshwater lakes, low- and high-salinity waters, seas, glaciers, deserts, and hot
springs (Agger et al., 2008). In these environments, algae occupy two primary niches: benthic
(attached) and phytoplanktonic (free-floating). Benthic algae can be epiphytic (growing on plants),
epilithic (attached to stones or hard substrates), epizoic (on animals), or epipelic (on sediment and
sand).

Microalgae serve as primary producers in both freshwater and marine ecosystems. Typically
measuring between 2 to 50 micrometers, microalgae exhibit a diverse array of morphological forms,
existing as either unicellular or multicellular organisms (Bermejo et al., 2021). Major groups of
microalgae include green algae (Chlorophyta), blue-green algae (Cyanobacteria), golden-yellow
algae (Ochrophyta, Xanthophyta), diatoms (Bacillariophyta), red algae (Rhodophyta), and brown
algae (Phaeophyta), alongside other groups such as Dinophyta, Haptophyta, Chrysophyta,
Eustigmatophyta, Raphidophyta, Cryptophyta, and Glaucophyta (Lee et al., 2020; Smith et al., 2021).

Among microalgae, green algae (Chlorophyta) represent a particularly diverse group, with
members ranging from microscopic single-celled species to large spherical colonies and extensive
filamentous forms in freshwater environments. Their characteristic green coloration, resulting from
chlorophyll-a and -b, distinguishes them from other algal groups. With over 17,000 recognized
species, green algae constitute the most species-rich division within the algal lineage (Graham and
Wilcox, 2000). Their morphological diversity—spanning unicellular, colonial, and filamentous
forms—demonstrates the broad spectrum of developmental strategies within this group.

Precise identification and nomenclature of microalgae are foundational to research, analysis,
and experimental studies. Correct taxonomic classification is crucial for ensuring reproducibility,
repeatability, and accuracy across various biological disciplines (Bortolus, 2008). While light
microscopy has traditionally been the primary method for identifying microalgal species, it has
notable limitations. Small microorganisms and morphologically similar taxa, such as spherical green
algae, can be challenging to distinguish under light microscopy alone (Krienitz and Bock, 2012).
Additionally, certain life cycle stages may obscure taxonomic identification (Rowan and Powes,
1991).

In recent years, molecular techniques have become invaluable for the identification of

morphologically similar or cryptic species (Soylu and Gonilol, 2012). These approaches are
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particularly effective for identifying rare species and those that cannot be readily cultured (Forney,
2004; Dorigo, 2005; Tringe, 2008). Currently, ribosomal RNA gene sequencing is widely employed
in microbial ecology to elucidate the diversity and composition of microbial communities. For
prokaryotes, the 16S rRNA gene is commonly targeted, while the 18S rRNA gene is the preferred
marker for eukaryotic diversity studies (Fawley and Fawley, 2004). The 18S rRNA gene, with its
conserved regions and repeating sequence motifs, serves as an ideal tool for phylogenetic analysis
and microalgal identification (Khaw et al., 2020). In this study, green algae isolated from Batlama
Stream were identified both morphologically and molecularly through analysis of the 18S rRNA gene

sequence.

2. Materials and Methods

2.1. Microalgae Isolation, Purification and Cultivation

Water samples were collected from pelagic (surface) zone of Batlama Stream. These samples
were transported to the laboratory in sterile 1 L plastic bottles under cold conditions to preserve their
integrity. A 1 ml aliquot of each sample was inoculated onto BG11 agar plates solidified with 1%
agar. The plates were incubated at a temperature of 20°C with a 12:12 light/dark cycle under a light
intensity of 155 pmol/m?/s. After one month, distinct colonies were observed, which were isolated
using a sterile inoculation loop. These isolated colonies were further transferred to solid media until
a single species was identified (Demiriz, 2008). The isolated species were transferred to liquid media

and left to grow in the climate cabinet.
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Figure 1. Location of the newly described species
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2.2. Morphological Identification

Samples were collected from species growing in liquid media, maintaining sterile conditions
within a laminar flow cabinet to avoid contamination. The sizes of the samples were determined using
light microscopy and inverted microscopy with the aid of an ocular micrometer. Taxonomic
identification was performed following the classification provided by Lortou et al. (2022). The
nomenclature currently accepted in the scientific community was verified through comparison with
AlgaeBase and the Turkish algae database (Guiry and Guiry, 2023; Maraslioglu and Géniilol, 2023).

2.3. Molecular Identification

At the end of the incubation period, a 1800 base pair fragment of the 18S ribosomal RNA gene
was amplified using PCR. DNA sequence analysis was subsequently performed, and the obtained
sequence data was compared with sequences in sequence databases containing validated microbial
sequences. Based on this comparison, the group to which the microalgae belonged was determined.
The DNA sequencing analyses were conducted at BM Software Consulting and Laboratory Systems

Limited Company.

3.Findings and Discussion

In the samples sent to BM Software Consulting and Laboratory Systems Limited Company, the
identification of microalgae was conducted through polymerase chain reaction (PCR) amplification
targeting an 1800 base pair fragment of the 18S ribosomal RNA (rRNA) gene, which is commonly
used for the molecular identification of microalgal species. The PCR amplification was followed by
DNA sequencing, allowing for the acquisition of a detailed nucleotide sequence from the amplified
region of the gene. This sequence was then subjected to comparison with a range of entries in
specialized microbial sequence databases, which contains extensive collections of validated genetic
data from known microbial species.The sequence comparison revealed that the isolated microalgal
species exhibited a 97.39% sequence similarity to Chlorolilaea pamvotia (Lortou & Gkelis) Lortou
& Gkelis, a species that was first described by Lortou et al. (2022). This species was originally
isolated from Lake Pamvotis, a freshwater lake located in the Mediterranean region. Chlorolilaca
pamvotia was noted for its contribution to the biodiversity of photosynthetic microorganisms in this
area, enriching the knowledge of algal diversity in Mediterranean freshwater ecosystems. The
identification of this species in TUrkiye represents a significant extension of its known distribution,

marking the first record of Chlorolilaea pamvotia in the freshwater algal flora of the country. The
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genetic evidence obtained from this study further substantiates its identification as Chlorolilaea

pamvotia, based on the high degree of sequence similarity to the reference data.
3.1. Classification of Chlorolilaea pamvotia (Lortou & Gkelis) Lortou & Gkelis, 2023

Phylum: Chlorophyta

Subphylum: Chlorophytina

Class: Chlorophyceae

Order: Chlamydomonadales

Family: Chlamydomonadales incertae sedis

Genus: Chlorolilaea

Species: Chlorolilaea pamvotia (Lortou & Gkelis) Lortou & Gkelis,2023

Basionym: Lilaea pamvotia Lortou & Gkelis

Description: The vegetative cells exhibit a spherical to irregular shape, measuring 7-16 um.
These cells tend to form aggregates without mucilage and occasionally arrange into colonies with
randomly distributed cells. The chloroplasts are cup-shaped to reticulate, featuring thylakoids
organized into bundles of varying thickness. Some chloroplasts may contain an eyespot and one or
several pyrenoids surrounded by starch plates. Each cell contains a single nucleus. In mature cultures,
significant accumulations of starch and plastoglobuli (lipid droplets) are found in both the
chloroplasts and cytoplasmic oil bodies. The thylakoids are organized into bundles of different sizes
and thicknesses. The organism undergoes asexual reproduction via aplanospores (Figure 2).
Chlorolilaea pamvotia species phylogenetic tree is presented in Figure 3 (Lortou et al., 2022).
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Figure 2. Light micrograph of strain Chlorolilaea pamvotia
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Type Locality: This taxon occurred as planktic in the water column of Lake Pamvotis
(39°40'51" N, 20°50'30" E) and was collected on 1 November 2010 from a surface layer (0-0.5 m)

at inshore sites.

General Environment: This species is freshwater-specific.

o “Chiorococcum” citriforme UTEX 1769 (KX147354 1) 1
“Chiorococcum” oleofaciens SAG 213-11 (AB983626.1)
Deasania granats ACKU 566-06 (MZ133747.1)
o Plourastrum sp. 1 MW-2016 Ch1 (LT594555.1)
Pleurastrum sp. CCCryo 194-04 (HQ404881.1)
o| Chiorosarcinopsis eremi BCP~JO1VF2 (HQ246443.1)
Chiorosarcinopsis sp. AKF-2011 ZAB-1 (HQ246435.1)
Chiamydopodium starmii SAG 16.87 (AB983644.1)
Chlamydomonas sp. YACCYB272 (MH851319.1)
Akraea chliaropsychia TAU-MAC 0515 Alossasp.nov::
'Chlamydomonadaceae sp. KMMCC 179 (JQ315797.1)
Chioromonas sp. CCCry0244-06 (HQ404887.1)
Stephanosphaera pluvialis UTEX 771 (LC095631.1)
Balticola sp. TN-2015-2 SAG 34-3 (LC095633.1) Balticola clade
Balticola sp. TN-2015-3 SAG 9.93 (LC095634.1) 3

Balticola buetschilii CCAP 34/11 (MG022688.1)
Spongiosarcinopsis limneus TAU-MAC 3310 Spongiosarcinopsis clade
Lilaea gen. nov. 5

(a) ITS region

Balticola sp. 16 (MH068690.1)
Lilaea pamvotia TAU-MAC 3510
SAG 2469 1
Protosiphon sp. YACCYBS515 (MH684014.1)
% Protosiphon botryoides UTEX 99 (LC095629.1)
(= clone d755a92d ( 1)

Tetracystis excentrica SAG 92 80 (KM020019.1)

Dunaliella parva SAG 19-1 (DQ377091.1)
o Dunaliella sp. CCAP 19/15 (KJ094621.1)
Dunaliella salina D2-1 (KCB94935,1 )
Chlamydomonas incerta NIES 2462 (MF678032.1)
Chlamydomonas globosa Chlam-15/11 (KUS26335.1) Qllamydomonu clade 6

Ci UTEX 90 (I 6.1)
Chlamydocapsa ampla CCCryo 337-08 18S (HQ404899.1)
Lobochlamys culieus (UB6946.1)
Lobochlamys segnis NH-29 (MT735192.1)
Aphanochaete elegans HB201732 (MN428034.1)
Aphanochaete magna UTEX:B 1909 (HQ846383.1)
Schizomeris leibleinii UTEX:LB 1228 (HQ646381.1)
Hb201512 (| 1)

Fritschiolla aquatilis SAS20170501 (MHB42281.1)

Drapamaldia sp. LC-2019 CCAC 6921 (LR597279.1)
Ci CCAP 41311 9.1)
Uronema sp. CCAP 335/1B1(FR717536.1)

Uronema confervicola Ly201701 (MN428033.1)

Uronema sp. CCAP 334/1 (FRB85743.1)

Uronema trentonense TAU-MAC 0215

Uronema sp. AF-2012 (JX092263.1)
Chaetophorales sp. LBA 46 (KT308082.2)
Chlorelta vuigans UTEX 395 (KP845228.1)

Chlamydomonadales

Chaetophorales

Protosiphon bolryoides UTEX B 99 (JN880463.1)
Ys f UTEX 46 (. 1)
Yy FRT2000 (. 1)

Lilaea gen. nov. 1

Chiorochytrium lemnae CAUP:H6902 (HE860265.1)

-Chlorochytrium lemnae CAUP:HE6901 (HEB60264.1)

Akraea chliaropsychia TAU-MAC 0515

Chlamydopodium vacuolatum UTEX 2111 (EF113426.1)
limneus

Akraea sp. nov. 2

(b) rbcL gene

“Chiorococcum” oleofaciens SAG 213-11 (LC066364.1)
“Chiorococcum” tatrense UTEX:2227 (NC 042182.1) 4

Oophila sp. CT2012.P1.3 (KJ635644.1) 8
Bootstrap support Oophila sp. LA2008 (KJ635640.1) 2
O/ 201 UTEX 1240 (EF113460.1) 2
( °) \Ourococcus multisporus (KT369475.1) e
0-20 Chiorosarcinopsis sp. A KF-2011 BCP-EM1VF1 (HQ246341.1) g
20 40 Chlorosarcinopsis eremi UTEX:1186 (NC042250.1) .§
= Chiorosarcinopsis eremi BCP-SEV2VF1 (HQ246344.1) g
40_60 Dunaliella sp. ABRIINW-M1/2 (KC149893.1) ©
Dunaliella salina CCAP 19/18 (GQ250046.1) S
60'80 (Dunaliella primolecta TS-3 (AB127992.1)
80_ 1 00 Dunaliella tertiolecta (JQ039069.1)
Characiosiphon rivularis UTEX LB 1763 (EF113419.1)
* >90% Characiochloris sasae NIES-567 (AB084338.1)

20

Figure 3.

Characiochioris acuminata SAG:31.95 (KT625418.1)

Gonium pectorale K3-F3-4 (AP012494.1)

Chlamydomonas reinhardtii CC-2359 Its1-30 (MF083689.2)

Chiamydomonas reinhardtii UTEX 80 (AB511845.1) Chlamydomonas clade
TkS0803C2 (AB511848.1)

Chlamydomonas sp. CCAP 11/132 (LC380381.1)

Chlamydomonas sp. SAG 2486 (MF687235.1)

Chioromonas sp. ANT3 (U80809.1)

Carteria palmata (AB204869.1)

Carteria sp. SAG 8-5 (KT625419.1)

Tetracystis aoria UTEX 1453 (EF113476.1)
Chlorella vuigaris NIES:227 (AB260909.1)

Phylogenetic tree of Chlorolilaea pamvotia (Lortou et al., 2022).
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4. Conclusion and Recommendations

The utilization of a partial sequence of the 18S rRNA gene is commonly embraced and widely
employed method for identifying microalgae (Moon-van der Staay, 2001; Friedl, 2002; Krienitz,
2011; Leliaert, 2014). As a result, based on the obtained morphological and molecular data, it has
been determined that the species isolated from Batlama Stream is Chlorolilaea pamvotia (Lortou &
Gkelis) Lortou & Gkelis,2023. This species was previously isolated from Lake Pamvotis and
described by Lortou and colleagues (Lortou et al., 2022). This study is important as it represents the
first record of this species in Turkish waters. This result is believed to contribute to the algal floras

of Turkiye.
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