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Abstract 
Antarctica is the coldest and driest continent globally and has always been an exciting 
habitat to study extremophiles. The study reveals a monostromatic nitrophilic green alga 
Prasiola crispa (Trebouxiophyceae) growing on Adelie penguin guano at a penguin 
rockery, Larsemann Hills, Eastern Antarctica. This study is the first report of the barcode 
of this algal genus from Eastern Antarctica in general and the Larsemann Hills in 
particular. There are 35 species currently accepted in this genus, while four were 
reported from Antarctica. The present study relied on morphological diagnoses as well 
as the phylogenetic inference based on nuclear-encoded ITS gene and plastid-encoded 
tufA gene for species identification. The study generated phylogenetic reconstruction at 
the two selected loci for the first time for this species from Antarctica. 
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Introduction     
 
     The windiest, coldest and driest conti-
nent, the Antarctica, has only 0.32% of its 
land ice-free (Chown and Convey 2007). 
The three biogeographic zones of Antarc-
tica i.e., Sub-Antarctic zone, Maritime Ant-
arctica and Continental Antarctica have 
different climatic conditions and terrestrial 
ecosystems (Peter 2010). Studies are been 
conducted to review the Antarctic climate 
variability in past years and have report- 
ed the warming and climate change on the 
western side of the Antarctic Peninsula 
(Bajerski and Wagner 2013). Among them, 
the shallow subtidal zone of the Western 

Antarctic Peninsula dominated by brown 
algae like Ascoseira mirabilis, Himanto-
thallus grandifolius, Desmarestia anceps 
while, green algae are very uncommon in 
this area (Wiencke and Amsler 2012). The 
most common green algae in Eastern Ant-
arctica are Monostroma hariotii, and ear-
lier reports of macroalga distribution are 
only available from Windmill Island and 
Vestfold Hills (Wiencke et al. 2014). 
     Prasiola is a well-known genus of green 
algae frequently found in terrestrial, fresh-
water, and marine habitats (Rindi et al. 
1999). Prasiola crispa is a common spe-
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cies that typically grows on the moist soil 
around the Antarctic coast, where the bird 
guano fertilizes the soil. These algae can 
tolerate repeated freeze cycles in spring 
and high levels of UV radiation during sum-
mer (Jackson and Seppelt 2006). Recently, 
most researchers used tufA genetic marker 
for molecular identification and descrip-
tion of new taxa in green seaweeds. The 
tufA is a plastid marker gene that encodes 
the elongation factor Tu. The tufA gene is 
suitable for phylogenetic reconstruction at 
the genus and species level due to its sub-
stitution rate (Choi et al. 2000). The tufA 
gene is considered as a good candidate for 
DNA barcoding in freshwater and marine 
green algae. The exceptions are charophytes, 
in which this gene has migrated to the 
nucleus while still preserving a copy in  
the chloroplast, with consequent problems 
of paralogy, pseudogenes and other biases 
(Baldauf and Palmer 1990). Moniz et al. 
(2014) used tufA gene as a molecular mark-
er for the study of phylogenetic relation-
ship among Prasiola species, from their 
studies they suggested that the tufA gene 
has a high potential marker for phyloge-
netic analysis at a low taxonomic level in 
Prasiola as compared to the other marker. 
     Moniz et al. (2012), confirmed that      
P. crispa occurs in Antarctica by compar-
ing the rbcL sequence with the type speci-
men from the Isle of Skye, Scotland, and 
also placed P. crispa and P. antarctica 

under different lineages. Naw et al. (2002) 
performed a phylogenetic analysis of fresh-
water green algae using 18S RNA from 
Myanmar, morphologically similar to the 
Enteromorpha (Ulvophyceae) which show-
ed similarity with Prasiola sp. Study of 
Rindi et al. (2004) focused on morphologi-
cal and molecular analysis of common 
species of Prasiolales from Northern Eu-
rope based on the rbcL sequence. Later 
Rindi et al. (2004) revealed that P. calo-
phylla, P. crispa, P. stipitata are not simi-
lar but distinct species. 
     P. crispa was first characterized by 
Lightfoot in 1777 as Ulva crispa based on 
the material from the Isle of Skye, Scot-
land. It is reported as diverse in cold tem-
perate and polar areas, which include all 
the three biogeography zones of Antarctica 
(Moniz et al. 2012). The P. crispa holds 
importance due to its survival ability in ex-
treme climatic conditions such as e.g. as 
repeated freeze/thaw cycles, physiological 
drought, salinity stress, and high levels of 
UV radiation (Jacob et al. 1992, Jackson 
and Seppelt 1997). Its adaptability to the 
harsh environmental conditions of Antarc-
tica is an evolutionary feature that needs to 
be investigated further because the genes 
associated with these adaptive character-
istics in P. crispa remain unknown (Car-
valho et al. 2018). There are nine reports 
of Prasiola sp. from Antarctica given in 
Table 1.  

 

 
S. No. Species name Location 

1 Prasiola antarctica King George Island (South Shetland Islands), Antarctica 
2 Prasiola antarctica Area behind Palmer Station, Antarctica 
3 Prasiola antarctica Amsler Island, Antarctic Peninsula, Antarctica 
4 Prasiola crispa Garwood Valley, McMurdo Dry Valley, Antarctica 
5 Prasiola crispa Upper Garwood Valley, Antarctica 
6 Prasiola crispa Marshall Valley, McMurdo, Antarctica  
7 Prasiola crispa Torgersen Island, Antarctica 
8 Prasiola crispa Cape Royds, Ross Sea, Antarctica 
9 Prasiola glacialis Garwood Valley, McMurdo Dry Valley, Antarctica 

 
Table 1. No. of Prasiola sp. reported in Antarctica (Moniz et al. 2012, Fernández-Marín et al. 
2019, Garrido-Benavent et al. 2018).  
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     Molecular systematic assessment of 
Prasiola had been scanty. This study was 
conducted for the identification of a sam-
ple collected from East Antarctica as part 

of the Indian Antarctic Mission, the 36th 
Indian Scientific Expedition to Antarctica 
(ISEA) in 2016-2017. 

 
 
Materials and Methods 
 
Study sites and sampling 
     
     The isolates of P. crispa were collected 
from Adelie penguin guano at a penguin 
rookery (69° 22' 43.2" S, 76° 09' 19.3'' E) 
of Larsemann Hills, Eastern Antarctica 
during the 36th Indian Scientific Expedi-
tion to Antarctica (ISEA) in 2016-2017. 
The samples were collected in the vicinity 
of penguins where a copious amount of 

penguin guano was present. Moist samples 
were packed in sterile plastic zip-lock bags 
and stored at -80°C for further studies. The 
representative specimen was pressed and 
deposited in the herbarium of Central Uni-
versity of Punjab, Ghudda, Bathinda, India, 
with voucher number CUPBVOUCHER-
Prcr-2019-1.

 
Morphological examination of the algae 
 
     The samples were carefully washed in 
filtered sterile seawater (FSSW). Photo-
graphs were taken using a bright-field 
microscope (BX53, Olympus, Japan) and a 
digital SLR camera with Canon macro lens 
(EOS 60D, Japan). The following morpho-
logical characteristics were evaluated: tex-

ture, colour, pattern of blade and thallus, 
height of the thallus, shape, and cell ar-
rangement. Earlier studies on P. crispa 
confirmed the identification. ImageJ soft-
ware was used for morphological measure-
ments and scale calibration ([1]). 

 
DNA Extraction, Amplification and Sequencing 
 
     The frozen sample's total genomic 
DNA was extracted using HipurA™ Algal 
Genomic extraction kit (HIMEDIA Labo-
ratories Pvt. Ltd., Mumbai). Sample was 
crushed with silica gel. The concentra- 
tion of DNA was checked on a Nano-  
drop spectrophotometer (Thermo scientif-
ic™, Waitham, USA). Plastid-encoded 
tufA with gene sequence tufA Forward 
(5’GGNGCNGCNCAAATGGAYGG-3’) 
and tufA Reverse (5’CCTTCNCGAATM 
GCRAAWCGC-3’) (Fama et al. 2002), and 
nuclear-encoded ITS1 (5’GAGGCAATA 
ACAGGTCTGTGATGC-3’), ITS2 (5’GC 
TGCGTTCTTCATCGATGC-3’)(White et 
al. 1990) gene sequences with DreamTaq™ 
DNA Polymerase (Applied Biosystems, 
Foster City, CA, USA) were used in the 

study. PCR amplification of the extracted 
DNA was carried out in thermal cyclers 
(BIO-RAD, California, USA). Reaction 
profile for tufA primer included the first 
denaturation at 94°C for 4 min., followed 
by 29 cycles of at 94°C for 0.45 min., at 
55°C for 0.3 min., at 90°C for 0.45 min. 
and a final extension of 72°C for 7 min. 
Reaction procedure for ITS primer was 
denaturation at 95°C for 3 min., followed 
by 40 cycles at 94°C for 0.3 min., at 55°C 
for 0.3 min., at 72°C for 1 min. and a final 
extension at 72°C for 7 min. The amplified 
product was electrophoresed on 1% aga-
rose gel for 30 min. at 90V and visualized 
with ethidium bromide to determine the 
length of the amplified template. The pu-
rity of the DNA was also tested by using a 
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Nanodrop spectrophotometer (Thermo Sci-
entific NanoDrop 2000). To remove the 
unbound dNTPs and primer present in the 
amplified sample, the sample was purified 
using ExoSAP-IT® PCR cleanup kit (USB 
Corporation, Cleveland, OH, USA).  Se-
quencing of purified PCR product was 
done using a dideoxy chain termination 
protocol with a programmable thermal 

cycler (Veriti, ABI, USA) and ABI 
BigDye Terminator Cycle Sequencing 
Ready® Reaction kit v3.1 (Applied Bio-
systems, Foster City, CA, USA). Then 
DNA sequencing was carried out by using 
a 3730xl Genetic Analyzer (Applied 
Biosystems 3730xl Genetic Analyzer, 
Foster City, CA, USA). 

 
Multiple sequence alignment and phylogenetic analysis 
     
     The sequenced data were analyzed us-
ing Geneious software v 8.0 (Created by 
Biomatters [2]). The contig was generated 
by assembling the forward and reverse 
sequence of the isolate. BLASTn search   
was used for sequence homology search.      
All the Prasiola sequences were aligned    
with other Prasiola sequences available in 
GenBank (National Center for Biotech-

nology Information, Bethesda, USA) using 
the MEGA software followed by manual 
correction. The terminal ends of aligned 
sequences were removed to reduce the 
number of missing sites covering the taxa. 
The best-fitting nucleotide substitution 
models were tested using ML Model Test 
in MEGA. 

 

 
Results 
 
Morphological characterization 
 
     Thalli consisted of the monostromatic 
expanded blade, 17-21 µm in thickness, 
smooth surface with ribbon-like structure, 
the large blade is deeply folded (Fig 1a). 
The larger blades became curled and deep-
ly folded. The habit was observed 3 cm to 
5 cm in length and 4 cm to 6 cm in height. 
The habit appeared bright green, crispate 
and branched at the tip (Fig 1a). The thal- 
li are attached to the surface with the    
help of rhizoid. Rhizoid cells were white, 
elongated, and narrower than normal cells   

(Fig 1c). The blade surface was smooth, 
cells were arranged in regular rows and 
lacked areolation (Fig 1e). Size of the sin-
gle cell was 4 to 10 μm in length; vegeta-
tive cells were rectangular forming groups 
4 cells. Generative cells showed aplano-
spore (Fig 1f), each cell contained a chlo-
roplast, and pyrenoid at the centre (Fig 1d). 
The morphological results were compared 
with the morphology reported earlier by 
Moniz et al. 2012.  

 
Molecular characterization 
 
     The barcodes of P. crispa were gener-
ated for nuclear-encoded ITS and plastid-
encoded tufA loci using previously re-
ported primers. The ITS and tufA gener-
ated sequences were submitted to GenBank 
(10407403) and BankIt (2502964) re-
spectively. BLASTn result of the ITS se-
quence showed 98.20% sequence similari-

ty with Prasiola sp. (KX987989) from 
King George Island, Antarctica (Garrido-
Benavent et al. 2017).  The tufA gene se-
quence showed 100 % sequence similarity 
with Prasiola crispa (MN145934) from 
Paradise Bay, Antarctic Peninsula (Dubras-
quet et al. 2021). 



ANTARCTIC GREEN ALGA 

198 

 

 

  
 

 
 
Fig. 1. Morphology of Prasiola crispa. (a) On-site image of Prasiola crispa. Feathers of Adelie 
penguin is also seen; (b) Structure of thallus; (c) Thallus with rhizoids; (d) Surface view of a 
thallus (100X) cell with chloroplast; (e) Blade showing little or no areolation; (f) Generative cell 
showing aplanospores. 
 

 
Phylogenetic Analysis 
     
     Phylogeny of the tufA sequence with 
additional 30 accessions of Prasiola was 
constructed using the Maximum likelihood 
(ML) method. In this phylogeny, Rosen-
vingiella radicans and Prasipolopsis were 
taken as out-groups. For phylogenetic anal-

ysis sequences were first aligned by the 
MUSCLE algorithm in MEGA. The model 
Tamura 3-parameter (T92) was chosen    
as the best-fit model per the ML Model 
Test. Pairwise distance between sequences 
ranged between 0.00 and 0.211. In the 
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phylogram (Fig. 2), Prasiola crispa speci-
men (collected from Eastern Antarctica in 

this study) clustered within a clade with 
other accessions of Prasiola crispa. 
 

 
 
Fig. 2. Phylogenetic tree based on the tufA gene of Prasiola sp. constructed by Bayesian inference 
and Maximum likelihood methods. 

 
 
     Phylogeny of the ITS sequence with   
10 accessions of Prasiola was constructed 
using the ML method (see Fig 3). In      
this phylogeny Monostroma kuroshiense 
(GU062561) was taken as an out-group, as 
Monostroma is evolutionarily at optimal 
distance; not too dissimilar or similar to 
Prasiola.  

     Pairwise distance between sequences 
ranged between 0.00 and 1.60. Prasiola 
crispa (collected from Eastern Antarctica 
in this study) formed a well-supported 
distinct group with Prasiola sp. from the 
King George Island, Antarctica in this 
study.  
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Fig. 3. Phylogenetic tree based on the ITS gene of Prasiola sp. constructed by Bayesian inference 
and Maximum likelihood methods. 
 
 
Discussion 
     
     Recent studies have mentioned the 
greenification of Antarctica due to climate 
warming, which leads to the growth of 
moss and green algae growth in the region 
(Klaus 2021, Antonello 2019, Shibistova 
et al. 2017, Gray et al. 2021). As compared 
to brown and red algae, green algae bio-
diversity is however, studied in Antarctica 
to a lesser extent. The most important algal 
primary producer Prasiola crispa is found 
in abundance in the ice-free region of 
Antarctica and fertilized by bird guano. In 
the current study, nitrophilic green alga 
Prasiola crispa collected from penguin 
rookeries of Eastern Antarctica was identi-
fied by molecular characterization based 
on nuclear encoded ITS gene and plastid-
encoded tufA gene as well as the morpho-
logical characters. Prasiola crispa is most 
often reported from the Western Antarc-
tica region  (Jacob et al. 1991, Jacob et al. 
1992, Moniz et al. 2012). There are a total 
of four species of Prasiola reported from 
Antarctica i.e., Prasiola antarctica Kütz-
ing, Prasiola crispa (Lightfoot) Kützing, 

Prasiola calophylla (Carmichael ex Gre-
ville) Kützing and Prasiola glacialis, 
among which Prasiola glacialis was re-
ported last from Antarctica (Moniz et al. 
2012). The Larsemann Hills were reported 
with homogenous flora and taxonomic 
analysis revealed around 200 taxa of ter-
restrial algae (Alekseev et al. 2020). Some 
studies attempted to provide the biodi-
versity of the Larsemann Hills, which 
includes lacustrine and terrestrial diatoms, 
but reports on terrestrial macroalga algae 
are very rare (Gupta 2015). Das and Singh 
(2021) recently reported epiphytic algae 
on the surface of bryophytes from the 
Larsemann Hills, Antarctica. This study 
also provides important insights into the 
evolutionary legacy of this important ni-
trophilic terrestrial algal species in Ant-
arctica along with closely related species 
from elsewhere in the world. To the best 
of our knowledge, this is the first molecu-
lar phylogenetic assessment of Antarctic 
Prasiola crispa and serves as a baseline 
for further studies in this line. 
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