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One of the fundamental questions in animal 
evolution is the relationship between genomic sequence 
and the morphological characteristics of species. Sponges 
are one of the earliest-diverging metazoan clades, and 
are at least 580 million years old. Their ancient origin 
and early split from the animal stem lineage make them 
an important object of study for understanding the 
evolution of the metazoan genomes. The first genomic 
studies of sponges showed that sponges have amazingly 
complex genomes, both in terms of gene composition 
and functional repertoire, while a rich gene repertoire 
existed even before the appearance of real tissues 
(Hashimshony et al., 2015; Adamska, 2016;). These 
studies emphasized the importance of gene loss and 
spatio-temporal changes in the regulation of gene 
expression in the formation of multicellular genomes 
and revealed the presence of an extremely diverse gene 
repertoire in these morphologically simple multicellular 
organisms (Riesgo et al., 2014).

The fauna of endemic Baikal sponges is very 
diverse, with 14 species and 2 subspecies presently 
described in the family Lubomirskiidae (Efremova, 
2004). However, the systematics of Lubomirskiidae is 
contradictory when morphological and molecular data 
are compared. Current molecular data are insufficient 
to distinguish all species of Lubomirskiidae and to 
understand their phylogenetic relationships. The 

development of a robust taxonomy for Baikal sponges 
is very important for their conservation. The recently 
recorded massive disease outbreak and death of Baikal 
sponges (Timoshkin et al., 2016; Khanaev et al., 2018; 
Itskovich et al., 2018) has raised issues regarding 
the monitoring of these species. In order to study the 
evolution of endemic baikalian sponges on a genomic 
scale, we have sequenced the draft genome of the Baikal 
sponge Lubomirskia baikalensis and transcriptomes of 
three Lubomirskiidae species using Illumina sequencing. 

Our results showed that the genome size 
of Lubomirskia baikalensis (as determined using 
GenomeScope) is between 558 and 565 million base 
pairs (Kenny et al., 2019). This is larger than almost 
all known marine sponge genomes. It also exceeds the 
size of the genomes of freshwater sponges of the family 
Spongillidae, ranged in size from 310 to 360 megabases 
(Jeffery et al., 2013). Among freshwater sponges, the 
sister taxon to Lubomirskiidae is Ephydatia muelleri 
(Itskovich et al., 2008). The genome size of the recently 
sequenced genome of E. muelleri is 326 million base pairs 
(Kenny et al., 2020), and the genome of L. baikalensis 
is almost twice this size. The Lubomirskiidae colonized 
Lake Baikal 3.4 Mya, 15 My after the relatively recent 
radiation of freshwater sponges (Schuster et al., 2018). 
Given the age of Baikal sponges, these differences in 
genome have formed over a relatively short period of 

*Corresponding author. 
E-mail address: itskovich@mail.ru (V.B. Itskovich)

ABSTRACT. The fauna of endemic Baikal sponges is very diverse, however, the systematics of 
Lubomirskiidae is contradictory when morphological and molecular data. The development of a 
taxonomy for Baikal sponges is very important for their conservation. The recently recorded massive 
disease outbreak and death of Baikal sponges has raised monitoring issues. In order to study the evolution 
of endemic Baikalian sponges on genomic level we analyzed a draft genome of the Baikal sponge 
Lubomirskia baikalensis and transcriptomes of three Lubomirskiidae species, obtained using Illumina 
sequencing. The genome size of Lubomirskia baikalensis (approximately 560 million base pairs) is almost 
twice that of the closest sequenced outgroup species, Ephydatia muelleri. Given the age of Baikal sponge 
radiation, these differences have occurred over a relatively short period of time. As Ephydatia is also a 
freshwater sponge, it is likely that this increase is not due to adaptation to freshwater habitats, but is 
the result of evolutionary processes related to the sympatric speciation of sponges in Lake Baikal.

Keywords: Lake Baikal, sponges, Porifera, transcriptome, genome, evolution, freshwater

Itskovich V.B.1*, Riesgo A.2,3, Kenny N.J.2,4 

1 Limnological Institute, Siberian Branch of the Russian Academy of Sciences, Ulan-Batorskaya Str., 3, Irkutsk, 664033, Russia
2 Life Sciences, The Natural History Museum, Cromwell Rd, London SW7 5BD, UK
3 Department of Biodiversity and Evolutionary Biology, The National Museum of Natural Sciences, Madrid, Spain
4 Present Address: Faculty of Health and Life Sciences, Oxford Brookes, Oxford OX3 0BP, UK

Analyses of the genome and 
transcriptomes of endemic Baikal 
sponges (Lubomirskiidae)

610

https://doi.org/10.31951/2658-3518-2020-A-4-610
mailto:itskovich@mail.ru
https://www.researchgate.net/institution/The_National_Museum_of_Natural_Sciences


Itskovich V.B. et al. / Limnology and Freshwater Biology 2020 (4): 610-611

611

time. As other freshwater sponges have small genomes, 
an increase in the genome size of L. baikalensis cannot be 
attributed to adaptation to the freshwater environment. 
The expansion of the L. baikalensis genome is therefore 
likely due to lineage-specific factors, possibly associated 
with the sympatric speciation of sponges in Lake Baikal. 
Data on the structure of the genome and transcriptomes 
of Baikal sponges obtained in the course of this 
work are a unique molecular resource for Porifera 
research. Reconstruction of the phylogeny of Baikal 
endemic sponges (Lubomirskiidae) based on this data 
is underway, and will ensure conservation decisions 
can be made with reference to a robust phylogenetic 
framework.
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