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ABSTRACT
A study of the biological diversity and biosynthetic potential of aerobic endosporeforming bacteria, isolated from the deep-water sediments of Black Sea. Were identified 8 species among 12 sequenced strains. Some strains demonstrate traits of new species. 
Biosynthetic potential of revealed strains demonstrate genus and species level correlations. There were found many biosynthetic gene clusters of unidentified peptides, which makes given strains a good option for biotechnological research. 
The work is laid out on 49 pages, it contains 3 tables and 4 figures. References to 73 literature sources are given. 
Key words: Phylogenomics, Black sea, orphan clusters, deep sea sediments, clusterome

АНОТАЦІЯ
	Досліджено біологічне різноманіття та біосинтетичний потенціал аеробних ендоспороутворюючих бактерій, виділених з глибоководних донних відкладень Чорного моря. Ідентифіковано 8 видів серед 12 секвенованих штамів. Деякі штами демонструють ознаки нових видів. 
	Біосинтетичний потенціал виявлених штамів демонструє кореляції на рівні родів та видів. Виявлено багато біосинтетичних генних кластерів неідентифікованих пептидів, що робить дані штами перспективними для біотехнологічних досліджень. 
	Робота викладена на 49 сторінці, містить 3 таблиці та 4 рисунок. Наведено посилання на 73 літературних джерела. 
	Ключові слова: Філогенетика, Чорне море, орфанні кластери, глибоководні відкладення, кластером
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LIST OF ABBREVIATIONS
BGC (BGCs) – Biosynthetic Gene Cluster (Clusters)
DAP – Diaminopimelic Acid
dDDH – Digital DNA-DNA Hybridization
GC-MS — Gas-Chromatography Mas-Spectrometry
HPLC – High Performance Liquid Chromatography
LAP – Linear Azole-containing Peptide
LC-MS-MS — Liquid Chromatography – tandem Mass-Spectrometry
MALDI-TOF MS — Matrix Assisted Laser Desobrtion-Ionization  - Time of Flight Mass-Spectrometry
PKS – Polyketide Synthase
RiPP – Ribosomally synthesized and Post-translationally modified Peptide
SKF – Sporulation Killing Factor
Q-TOF — Quadrupole-Time of Flight
AFLP -  Amplified Fragment Length Polymorphism 
RAPD - Rrandom Amplified Polymorphic DNA 














INTRODUCTION
Accessibility of the high-thourgthput sequencing technologies changer bacteriology forever. At first, the old problem of prokaryotic classification, including specied definition, highly arbitrary and dubious before, obtained the solid ground and even more – became more technical issue, than taxonomical one [Meier-Kolthoff & Göker, 2019]. Classification of even rare and extremely fastidious microorganisms, remains an open question as long as they are not grown in enough quantity and their genomic DNA is properly sequenced. But even more important consequence of the “genomic revolution” is the development and application of methods functional mass genome analysis in silico. Without of a mass of sequenced and properly annotated genomes of antibiotic producers the establishment of tools for the search of previously unknown biosynthetic gene clusters (BGCs) was impossible [Blin et al, 2023]. Currently we know about bacterial biosynthetic potential much more, than we are able to use. This gives us many opportunities, including ability to search for completely new biosynthetic gene clusters, and new variant of known ones [Terlouw et al, 2022].
Aerobic endospore forming bacteria are one of the most studied groups of bacteria due to their specific lifestyle and biosynthetic potential. There is significant difference between Bacillus sensu lato and Streptomyces in type of their antiobiotics: bacilli antibiotics are much less diverse and their sets are conservative, which results in high rates of rediscovery known compounds during screening researches [Stein, 2005]. Despite this, new BGCs are still encountered for this group [Ivanytsya et al, 2020]. This shows that use of sequence first approach for bacilli is much more relevant, than “in vitro first”. Modern strategies of screening also show that much more success in screening can be granted be choosing the strains from new biotopes. Because department of Microbiology, Biotechnology and Virology have vast collection of aerobic endosporeformers from the deep-water Black Sea sediments, it was decided to conduct a comparative genomic studi of biosynthetic potential and biodiversity of this microorganisms.
The goal and the task of study.
The goal of this work is to study biological diversity and biosynthetic potential of the aerobic endosporeforming bacteria of Black Sea deep-water sediments.
To reach the set goal were solved the next tasks:
1. To conduct the phylogenomic analysis of the sequenced genomes;
2. To analyse clusteromes of Black Sea deep-water aerobes, considering phylogenomic data;
3. To estimate biotechnological perspectives of given strains.
The object of our work are bacteria of endosporeforming bacteria of Black Sea deep-water sediments. 
The subject of our work are genomes of aerobic endosporeforming bacteria Black Sea deep-water sediments.

We should express our gratitude to the team of Explogen LCC and personally Oksana Zinchenko for facilitation of considered impossible task – mass sequencing of our collection of the deep-water microorganisms.


























SUMMARY
Comparative genomic study of the collection of Black Sea deep sediment aerobic Bacillota shows, that this collection is free of duplicated strains, and they potentially carry some new genetic information. After proper study it can singnificanly enrich the pangenomes of corresponding species. Identified strains of Bacillus pumilus-like strains demonstrate an opportunity to discovery of new species of this intrageneric subgroup. If it is true, such discovery should positively differ from widely known phenomenon of description of “one strains species”, because the Microbiology, Virology and Biotechnology department of ONU has already very similar to 048D and 035C B. pumilus-like strain ONU 554. Final decision of taxonomic statuses of these and all other sequenced for this work strains should be done according to additional overall genome relatedness indices as (ortho)ANI, AAI (which are the best conducted with properly assembled and cyclized genomes), and classical phenotypical tests.
	Clusteromes of studied strains show genus- and species specific traits, but are surprisingly rich in unique biosynthetic clusters. Some of them are unidentifiable using antiSMASH 7.0 and may determine biosynthesis of new compounds. Average number of singletone clusters is 1.9 per strain, and the strain B. paralicheniformis 03A contains even 5 such clusters.  Interestingly, that most of the singletone clusters belong to the RiPP and nonrobosomal peptides classes of of natural products. Due to inherent “modularity” of peptides these compounds are highly amenable to modifications to facilitate or to change biological activity (or to tweak toxicity/bioavailability etc). This makes further study of Black Sea deep-water aerobic sporeformers very interesting not only from fundamental point of view, but also from applied one as it promises with discovery of new variants of previously known compounds, or totally new structural scaffolds.




CONCLUSIONS

1. All strains, used for this study, are not mutually identical according to their genomic sequences and represent biological diversity of Black Sea deep-water sediments.
2. The clusteromes of isolated strains represent corresponging species, but also have a lot of potentially new to science clusters, such as the class IV lanthipeptide pf Peribacillus frigotolerans 039, lasso peptide of Bacillus licheniformis 03A, type II PKS of Bacillus velezensis 231C and bottromycin-like cluster of Bacillus pumilus 035C.
3. Most of the new to science cluster belong to the RiPP class of natural products, which are comparatively easy to modify for biotechnological purposes.
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