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1. Introduction

Field studies of reservoirs in situ are highly 
accurate, but they are carried out fragmentarily, most 

high costs associated with the involvement of highly 

ground stations for collecting information about water 

coverage remains unavailable.

been successfully used in research to monitor surface 

al. (2019; 2020). 

which is then converted into various indicators of 

a

For the analysis, the data of various satellite 
remote sensing systems were considered on the 

2. Materials and methods

for certain bodies of water.
 

(2019), t
calculated as follows:

SD = 4.7134 *(R490/R560)2.5569

  (1)

described by M. Bonansea et al. (2019):

SDT Band Band Band
BandRE NIR

RE

NIR

� � � �1 79 134 15 157 72 0 531
3. . * . * . *
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�
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�

	

 (2)

The locations of the stations for determining the 

Figure 2.
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that were close in terms of the date of measurements. 

studied indicator were checked.

were obtained as a result of regression analysis:

SD = 6.7327 (B02/B03)0.6875

  

the model, which were indicated by the authors of the 
model.

a result of regression analysis:

SDT B B B
B A

� � � � �
�
�

�
	

13 87 835 39 05 455 87 08 1 13

07

8
. . * . * . * (4)

Fig.2. Locations of stations for determining the 

Fig.1.

are very closely interconnected, which violates the 

3. Results and discussion
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SD a e a B a B� � � � �
0

05 071 2( )

  (5)

As a result of the regression analysis, the 
following model was obtained:

SD e B B� � � � � �22 8158 142 6480 05 75 0105 07, ( , , )

  
(6)

was 29%. As we can see, this model shows the best 
results.

This model can be used to calculate 

Fig. 5).

accuracy of the model with an increase in the 

There are disadvantages: there can be a 

reservoir must be taken into account. This method 

4. Conclusions

model on Lake Baikal during the absence of 

 Analysis of seasonal and 
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1. Introduction

Cyphocottus, 
C. megalops 

and C. eurystomus
genus Cyphocottus
words “cyphos cottus

C. megalops, was originally described within the 
genus Cottus
within the genera Limnocottus
1982), Abyssocottus  Asprocottus 

were described: Cottus megalops 
Limnocottus megalops elegans (Taliev, 1948) and 
Asprocottus megalops eurystomus, which included two 

inhabiting, as follows from its name, the southern basin 

name C. eurystomus was entrenched not only for this 

the name C. megalops

C. megalops

than half a century. The collected material allows us to 

2. Material and methods

This study was based on the material collected from 

bakhtiar.bogdanov@mail.ru (B.E. Bogdanov)

ABSTRACT.

Cyphocottus C. megalops and C. eurystomus, within the taxonomic boundaries 
Cyphocottus

in C. eurystomus are manifested in greater values of interorbital distance, the height of the head, 

of C. eurystomus C. eurystomus
from C. megalops. C. megalops.
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C. 
megalops in the above references, the two forms were 

used: the C. megalops

(form A in Table 2) and the C. megalops (sensu Taliev, 
1955) selection consisting of 40 adult individuals from 

3. Results and discussion

C. megalops
the adult C. megalops
and the C. megalops

by such characters as eye diameter, the height of body 

C. megalops
C. megalops (sensu Taliev, 1955) selection

-

Cyphocottus megalops

1 Chivyrkuy Bay estuary 16 August 2006 1 1

2 4 5

27 May 2007 7 7

9

4 area near the estuary of the Buguldeika River 08 10 18

Cyphocottus eurystomus (monochromic form)

5 area near the estuary of the Kichera River 02 2007 5 5

6 Frolikha Bay 04 2002 9

7 05 2002 14

8 06 2002 5 5

9 November 2004 25 25

 May 2007 6 6

10 19 2000 8

11 29 October 2004

Cyphocottus eurystomus (  form)

12 Chivyrkuy Bay estuary 20
1999

11 11

area near the estuary of the Buguldeika River 08 25 25

14 March 2005 10 10

15 07 2002 1 1

22 2000 1 1

16 21 2000 1 6

07 1 1

17 Bolshiye Koty Bay 1 1

Listvenichny Bay  February 1996 5 5

Listvenichny Bay December 2000 6

Listvenichny Bay December 2001 5

Listvenichny Bay May 2002 7 7

March 2000 2 2
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Cyphocottus 
megalops

C. 
megalops

Examined forms

A B 1 2

Total length (mm) 71.0 74.2
84.2

110.9
127.1

% of Variance

60.0 60.8
52.4

92.4
76.0 107.1

16.777

Plastic characters in % of standard length

head length  ±0.77 ±0.91
29.6

0.188

height of the trunk 20.0±
17.5 21.9

15.7±2.28
12.2 21.7

5.0 5.5±0.29
5.1 6.0

5.4±
4.4

0.156

19.2 16.9±1.07
15.2 19.2

16.4±1.21
18.8

Plastic characters in % of head length

snout length 28.9 27.9±
25.5

26.9±1.78
19.7

0.094 0.155

longitudinal eye diameter 24.7±1.44
21.9 27.1

±2.12
21.7

0.017

44.7 41.1±1.66
44.5

41.6±1.74
46.1

0.041

width of the head 70.4±4.68 ±
94.7

0.166

50.0 52.8±2.84
47.2 56.0

46.7±4.18
41.0 61.1

interorbital distance 10.5 7.2±1.50
5.2 9.6

6.2±1.54
11.0

0.151

C. megalops C. megalops sensu Taliev, 1955. 

Fig.1.
C. megalops 

. megalops,
of C. megalops 

. megalops sensu Taliev (1955).

by D.N. Taliev (1955) should be considered correct, to 
which we will adhere below.      

The distinctive features of C. megalops are an 
oblong body, large oval eyes (eye diameter is usually 
larger than the snout length) and monochromic colour: 

C. eurystomus 

C. megalops

C. eurystomus are 
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individuals are found throughout Lake Baikal; 
dwarfs were found only at one site, near Khoboy 

The study of the variability in the number 
of neuromasts in sensory lines has revealed 

C. megalops and monochromic 
form of C. eurystomus, the number of neuromasts 
in the lateral line increases from the northern 

C. eurystomus

characters showed that body height, caudal 

the negative one. These characters determine 

C. 
eurystomus

4. Conclusions

C. megalops and C. eurystomus 
manifested in greater values of interorbital 
distance, the height of the head, body and caudal 

C. eurystomus. 
C. eurystomus

C. megalops

Fig.2. Variability of colours: A. C. megalops; . eurystomus: 

Cyphocottus

Characters
1 2
% of Variance

15.540

bital line
0.140

0.150
left infraorbital line 0.155

right infraorbital line 0.151

0.140
0.118

0.157
0.159

left lateral line 0.090 0.470
right lateral line 0.085 0.474
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Cyphocottus 

Characters 
 1 2

% of variance
28.480 9.962

Meristic characters

0.070

0.012 0.169
0.056
0.026

 number of gill rakers 0.009

Plastic characters in % of standard length

head length
length of the trunk 0.015 0.192
height of the trunk 0.088

0.080 0.045
width of the trunk 0.071
antedorsal distance 0.046

0.092
anteventral distance

anteanal distance 0.007
0.002

ventroanal distance
0.019

0.056 0.056
0.056
0.048
0.062 0.089
0.020

Plastic characters in % of head length

snout length 0.067 0.026
longitudinal eye diameter 0.050

0.071 0.051
width of the head 0.075

0.087 0.000
head height near eye 0.074
interorbital distance 0.088 0.006

0.076 0.041
0.048

Fig.3  
Cyphocottus

C. megalops; green 
C. eurystomus

C. eurystomus 
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Cyphocottus

 of 
Characters

TL
l.l.

c
H

h
pl

ao
o

hcz
io

1
98.2

81.5
51

58
20.1

18.8
52.7

6.5
2

117.6
98.9

±
0.81

16.2±
0.99

5.4±
16.2±

1.16
27.7±

1.82
24.4±

2.10
49.2±

7.4±

108.1
89.2

±
11.5

±
17.0±

5.4±
0.40

16.4±
26.7±

27.2±
2.17

48.6±
6.1±

4
112.1

94.0
75.4±

8.19
±

0.58
14.0±

0.92
±

16.4±
0.99

26.9±
0.99

28.2±
1.16

44.0±
2.01

5.9±
1.28

5
145.4157.0

110.0
±

1.19
20.9±

±
0.26

15.5±
0.87

16.6
28.7±

1.02
19.8±

1.10
57.0±

2.98
12.9±

1.21

6
98.4

81.7
±

0.44
18.5±

0.94
5.4±

17.2±
1.40

27.1±
1.16

24.0±
2.45

50.9±
2.91

7.1±

7
85.0

±
1.10

20.5±
0.85

19.0
21.9

5.5±
4.9

6.1
16.2±

0.92
14.1

18.0
28.2±

1.55
±

2.07
19.5

27.1
54.8±

2.02
50.5

59.2
8.5±

1.92
5.6

12.6
8

124.0
151.0

111.0121.7
86

±
0.92

22.4±
1.47

20.1
24.2

6.1±
5.8

6.4
15.7±

0.87
14.7

±
1.46

27.5
21.9±

1.44
24.4

60.5±
2.40

57.0
64.1

11.6±
1.10

10.4
9

160.1181.5
112.2

61.5±
4.22

±
1.15

20.6±
6.4±

0.50
±

1.08
28.4±

0.96
19.6±

1.11
±

11.9±
1.49

10
88.9

74.9
64.8±

4.21
±

0.80
±

1.61
5.7±

0.86
±

27.6±
22.5±

1.60
54.2±

11.2±
1.60

11
185.8

156.2
91.7±

11.7
±

0.84
±

7.0±
0.46

±
0.87

±
1.18

19.4±
1.58

60.1±
14.6±

12
124.6141.2

104.1
94.6

119.0
60.0±

54
67

±
0.98

19.9±
0.88

18.6
6.1±

0.48
5.5

7.2
15.1±

1.10
16.8

28.5±
1.00

26.5
22.1±

1.67
20.1

26.2
±

49.1
61.4

10.4±
1.61

7.9
144.8

±
±

1.09
20.5±

1.70
6.2±

14.7±
1.10

±
21.9±

1.26
±

2.89
11.5±

0.91

14
124.6

96.6
119.1

60.9±
5.16

51
71

±
0.69

19.1±
0.89

17.4
20.6

5.6±
5.2

6.4
14.4±

1.02
12.8

16.0
27.9±

0.81
29.7

24.1±
1.55

20.8
26.8

±
2.25

50.0
57.0

10.5±
1.10

8.9
1516

122.5
117.7

98.1
74

±
0.84

25.0±
1.86

22.1
27.5

5.6±
5.0

5.9
±

0.62
15.1

±
1.18

28.8
21.0±

22.9
±

51.6
61.1

12.8±
1.08

10.9
14.2

17
119.2

144.7
100.4

81.9
122.4

65.6±
4.69 

5
72

±
1.08

19.8±
1.88

14.7
22.8

5.6±
0.45

4.5
14.8±

1.12
11.9

16.9
28.1±

1.51
22.5±

0.87
20.7

54.0±
47.2

60.9
12.7±
10.5

18.5

standard lenth, l.l
c

H
 – height of the trunk, h –

lpc –
ao – snout length, o – longitudinal eye diam

eter, cH
 –

io – 
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Cyphocottus.

by the number of neuromasts in sensory lines, colour 

which is homogenous in one of these characters, will be 
heterogeneous in the rest. They all have the characters 
of C. eurystomus C. megalops. We have 

C. megalops.  

Acknowledgements

The study was carried out within the framework 

The author thanks V.V. Pastukhov (Baikal Museum 

collecting the material.

References

Übersicht

Dnevnik Zoologicheskogo Otdelenya Obshchestva Lyubiteley 

Russian)

Russian)

access date: 07.07.2021).

Novosibirsk: Nauka. (in Russian)

Leiden: Backhuys Publishers.

the causes of divergent evolution in the Cottoidei from Lake 

Leningrad: Nauka. (in Russian)



Limnology and Freshwater Biology 2021 (2): 1137-1142 DOI:10.31951/2658-3518-2021-A-2-1137

Original Article

© Author(s) 2021. This work is distributed under
the Creative Commons Attribution 4.0 License.

1. Introduction 

microorganisms have existed for over 600 million years 

2012). Many metabolites of bacterial origin (such as 

has a domain structure and, accordingly, several 

of communities of microorganisms and their individual 

detection of these genes. Notably, bacterial strains 

are often the source of new bioactive metabolites 

a variety of ecological niches and habitat conditions 

direction is a research aimed at identifying the ability 

bacterial strains isolated from the endemic Baikal 
Lubomirskia baicalensis

genomes.

ABSTRACT.
metabolites. From the microbiome of the endemic Lubomirskia baicalensis

Thus, 

Keywords:  Lubomirskia baicalensis, bacterial strains, genes of bioactive metabolite synthesis, 

Limnological Institute, Siberian Branch of the Russian Academy of Sciences, Ulan-Batorskaya Str., 3, Irkutsk, 664033, Russia

PCR-screening of bacterial strains 
isolated from the microbiome of the 
Lubomirskia baicalensis sponge for 
the presence of secondary metabolite 
synthesis genes



Kaluzhnaya O.V. et al. / Limnology and Freshwater Biology 2021 (2): 1137-1142

2. Material and methods

L. baicalensis were collected in August 
2011 in the area of the Listvyanka settlement (southwest 

isolated out on the R2A agar medium (Becton Dickinson, 

method (Parfenova et al., 2008). DNA from bacterial 

3. Results 

the L. baicalensis

Firmicutes, Actinobacteria, and Proteobacteria (classes 

with known bacterial strains. 

Janibacter 
, Promicrospora , Arthrobacter 

, , 
 Rathayibacter , , 

Kocuria , Rhodococcus 
 Microbacterium 

Flexivirga 
: 

Methylobacterium Massilia  
Rhodopseudomonas 

Heminiimonas , and Tardiphaga 

 Staphylococcus  
Bacillus 

 Paenibacillus 

According to the results of PCR screening, a 

are interesting for further research because they can 

4. Discussion

 

in both marine and freshwater communities and are 

metabolites that show a range of biological activities, 
including antibacterial, antifungal, anticancer, 

angiogenesis, etc. (Manivasagan et al., 2014; Lee et 

2016; Kulakova et al., 2018).

(Janibacter Rathayibacter 
Rathayibacter Rhodococcus 

Microbacterium
Arthrobacter 

are interesting for further research because some 

antibacterial and antifungal activity was isolated by a 
Janibacter limosus 

strain Hel 1 ethyl acetate extract (Asolkar et al., 2004). 
Actinobacteria belonging to the genus Rathayibacter 

tunicaminyluracil antibiotics (Tancos et al., 2019). 
Rhodococcus fascians 

shown that various Rhodococcus strains are involved 
in the synthesis of bioactive steroids (Haroune et al., 
2004) as well as in the biodegradation of a wide range 

 
strains of the genus Microbacterium isolated from 

Halichondria panacea, 

of tumor cells (Lang et al., 2004).

of Microbacterium revealed that most of them contain 
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L. baicalensis

Acc. No.  Closest homologues 
(Acc. No.) % 

Phylum
sygnal

MZ646072 Methylobacterium variabile 
(AB900978) 

100.0 +

MZ6460 Janibacter limosus (MN826598) 99.0 Actinobacteria +
MZ646074 Promicromonospora iranensis  

(MN187291)
100.0 Actinobacteria

MZ646075 Arthrobacter 100.0 Actinobacteria
MZ646076 Arthrobacter agilis ( ) 99.9 Actinobacteria
MZ646077 Rathayibacter caricis (LN774722) 100.0 Actinobacteria +
MZ646078 Staphylococcus hominis (MT487620) 100.0 Firmicutes
MZ646079 Rathayibacter tritici (KR085826) 99.8 Actinobacteria +
MZ646080 Kocuria palustris 100.0 Actinobacteria
MZ646081 Arthrobacter agilis (KF924209) 99.9 Actinobacteria
MZ646082 Rhodococcus cercidiphylli 

( )
100.0 Actinobacteria +

MZ6460 Microbacterium 100.0 Actinobacteria +
MZ646084 Bacillus aryabhattai (MH041178) 100.0 Firmicutes
MZ646085 Massilia aurea (LN880088) 99.8 +
MZ646086 Bacillus 100.0 Firmicutes +
MZ646087 Microbacterium 99.8 Actinobacteria
MZ646088 Arthrobacter . (KC019196) 99.9 Actinobacteria +
MZ646089 Flexivirga alba 100.0 Actinobacteria
MZ646090 Rhodopseudomonas 99.9
MZ646091 Rhodopseudomonas palustris 99.5 +

MZ646092 Bacillus (KF582892) 100.0 Firmicutes
MZ6460 Paenibacillus ) 97.0 Firmicutes
MZ646094 Paenibacillus ) 97.0 Firmicutes +
MZ646095 Paenibacillus ) 98.4 Firmicutes +
MZ646096 Paenibacillus 95.6 Firmicutes +
MZ646097 Heminiimonas ) 98.9
MZ646098 Kocuria palustris (LR215141) 100.0 Actinobacteria
MZ646099 Arthrobacter agilis (KC019195) 99.9 Actinobacteria
MZ646100 Rhodococcus cercidyphylli 100.0 Actinobacteria

MZ646101 Bacillus megaterium (MK474949) 100.0 Firmicutes
MZ646102  Tardiphaga robiniae (MW960262) 99.4
MZ64610 Bacillus subtilis

( )
99.6 Firmicutes +

MZ646104 Microbacterium 100.0 Actinobacteria +
MZ646105 Tardiphaga robiniae 99.4
MZ646106 Rhodopseudomonas palustris 

( )
98.6

Microbacterium strains, as shown by in vivo

The analysis of the genome of the Pseudarthrobacter 
phenanthrenivorans

acid, abscisic acid, and gibberellins (Tshishonga and 

Three strains of  showed an 

(Methylobacterium Rhodopseudomonas 
Massilia 

symbionts of eukaryotes and a large number of 
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as well as the existence of vertical transfer of symbiotic 

 Methylobacterium 

various environments; extracts obtained from these 
microorganisms exhibited antibacterial, cytotoxic, 

et al., 2012; Photolo et al., 2020). Also, Methylobacteria 

Rhodopseudomonas palustris, is 

et al., 2015) exhibiting diverse biological activities. 

virus (TMV) in vivo and in vitro
strain. Nookongbuta et al. (2020) demonstrated that 

cultivation in an anaerobic environment (Austin et al., 
2015).

Massilia, 

2016), degrade chloroacetamide herbicide (Lee et al., 
Escherichia coli 

and Pseudomonas aeruginosa (Dahal et al., 2021).
strains, 

Bacillus 
Paenibacillus 

inhabit the bottom layer and sediments. However, 

genera Pseudomonas and Bacillus) are often found among 

biologically active substances in the strains of the genus 
Bacillus

metabolites, including antibiotics and toxins such 

substances, surfactin, and bacillomycin (Fickers, 2012; 
Bacillus axarquiensis 

Verticillium dahliae

strains of Bacillus tequilensis exhibited antibacterial 

biosurfactants (Akinsanya et al., 2019).

of the selected strains (in relation to test cultures of 

study.

5. Conclusions

isolated from the symbiotic community of the 
L. baicalensis

cultured microorganisms in the L. baicalensis community. 
Their PCR screening was carried out to select cultures 

investigated using microbiological, biochemical, and 
analytical methods. This work contributes to the study 
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