
Influence of bacterial metabolites from 
permafrost on morphophysiological parameters 
of potato material in vitro* 

N.O. Renev*, E.S. Rodina, A.M. Subbotin, and V.A. Malchevskiy 
Federal State Institution Federal Research Centre Tyumen Scientific Centre of Siberian Branch of the 
Russian Academy of Sciences, Tyumen, Russian Federation 

Abstract. The effect of secondary metabolites of bacteria from permafrost 
rocks on the in vitro morphophysiological parameters of potato microplants 
has been studied. Microplants of Zhukovsky ranniy potato variety were used 
as the object of the study. The experimental results indicate that when potato 
microplants are grown in vitro together in the Murashige-Skoog nutrient 
medium with the bacteria metabolites of the Bacillus cereus 9-08-CH9 and 
Achromobacter spanius 10-50TS2 strains introduced at the grafting time at 
a dose of 250 μl, they have the highest inhibitory effect. Secondary 
metabolites of these bacterial strains have a significant increase in the 
number of internodes at all stages of plant cultivation, which can accelerate 
the in vitro replication of material for original potato seed production. 
Metabolites of the bacterial strain Bacillus cereus 875TS in the indicated 
concentrations cause growth inhibition and delay in the development of 
microplants' root system at the initial cultivation stages. 

1 Introduction 
Cultivation of apical meristems with subsequent in vitro clonal micropropagation of plants is 
widely used in modern biotechnology [1]. In seed production, clonal micropropagation is 
mandatory in the production of healthy potato planting material. However, this method needs 
to be optimized to achieve a higher growth rate of microclones.  

Currently in Russia and abroad, extensive research is being carried out to study the 
possibility of using beneficial forms of microorganisms to increase the agricultural crops' 
productivity and improve the quality of products [2-4].  

Microorganisms can perform several functions: improving the plants' mineral nutrition, 
fixing atmospheric nitrogen, stimulating plant growth, suppressing phytopathogenic 
microflora, increasing plant resistance to stress [5, 6].  

Strains of the Bacillus genus are one of the most common plant growth-promoting 
rhizobacteria (PGPR), which have antagonistic activity against several phytopathogens [7]. 
Bacillus genus has a great genetic diversity. Bacillus genus bacteria are present in a variety 
of environments from seawater to soil and even occur in extreme conditions such as hot 
springs [8]. In comparison with other types of bacteria, Bacillus spp. have a great advantage 
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- they form endospores that are resistant to heating, drying, organic solvents, ultraviolet 
radiation, as well as produce various biologically active metabolites in addition to their 
abundance in the soil [9, 10].  Bacillus genus bacteria possess such properties as auxins' 
production, dissolution of phosphates, nitrogen fixation, and biocontrol properties, which 
contribute to the growth and development of potatoes [11].  Studies by Singh N. et al. (2008) 
and Mehta P. et al. (2010) showed that Bacillus genus bacteria produce a significant amount 
of auxins in vitro, which stimulate the growth processes of plants [12, 13].  

A collection of microorganisms isolated from permafrost rocks of Western and Eastern 
Siberia (Collection of soil microorganisms of permafrost rocks in the Arctic (SMPRA)) has 
been created at the Tyumen Scientific Center of the SB RAS. Using bacterial cultures from 
this collection, the research was carried out to study the influence of "relict" microorganisms 
on the morphophysiological, biochemical and cytogenetic indicators of modern biological 
objects of different organization levels from unicellular organisms to higher plants and 
animals. When testing several bacterial strains from permafrost on cultivated plants, it was 
shown that about 30% of them have a positive effect on the morphophysiological, 
biochemical and adaptive parameters of cultivated cereals and potatoes [14-20]. 

The purpose of this study was to assess the effect of secondary bacteria metabolites 
isolated from permafrost on the in vitro morphophysiological parameters of potato material. 

2 Materials and methods 
The study of secondary metabolites' effect was carried out on in vitro material of Solanum 
tuberosum L Zhukovsky ranniy variety bred by the Russian Potato Research Center. 

Three strains of bacterial cultures were used in the work: Bacillus cereus 875 TS, 
Achromobacter spanius 10-50TS2 isolated from permafrost cores while drilling wells in the 
Tarko-Sale region (Russia, Yamalo-Nenets Autonomous District, Purovsky District); and 
Bacillus cereus 9-08- CH9 isolated from permafrost samples of coastal outcrops of the Chara 
River (Russia, Trans-Baikal Territory, Kalarsky District). The strains were identified by 16S 
pPNA and deposited in the ARCIM FSUE State SRI Genetics (Moscow): 875TS (B-12242) 
- Bacillus cereus; 9-08-CH9 (B-12401) - Bacillus cereus; 10-50TS2 (B-12405) - 
Achromobacter spanius. Cultivation of bacterial strains was carried out according to the 
procedure described below. Bacterial strains were inoculated into test tubes on a slant nutrient 
agar prepared by the standard method (GRM agar, Obolensk, TC 9398-020-78095326-2006) 
and cultured in a thermostat for 48 hours at t = 26°C. Then the microorganisms were washed 
out from each tube with 5 ml of distilled water. The concentration of microorganisms was 
determined by the culture method of serial dilution by CFU amount on agar nutrient medium 
in Petri dishes [21]. After determining the number of bacterial cells in the original parent 
suspension, the cultures' density was brought to a working concentration of 1x109 microbial 
cells in 1 ml of distilled water. Then the cell suspension was frozen for 8 hours at t -15oC, 
after which it was thawed at t + 22oC for 16 hours. The freeze-thaw cycle was repeated 3 
times. According to the experimental data, this method doubles the yield of secondary 
bacteria metabolites into the aquatic medium. The total mass of peptide complexes in the 
filtrates amounted to 200 μg/ml. The mass of peptide complexes was determined by the biuret 
method [22] and by preparative liquid chromatography on a Gilson chromatograph. 

A sterile metabolites solution was obtained by filtering bacterial suspensions through 
Millipor filters with a pore diameter of 0.22 μm (Durapore membrane filters, type 0.22 mm 
GV). The obtained filtrates containing bacterial metabolites were used for further work. For 
studies to research the effect of bacterial metabolites on the potato meristem plants' 
development, metabolites in an amount (dose) of 250 μl (50 μg for peptide complexes) were 
instilled (applied) onto the surface of the Murashige-Skoog culture medium poured into 5 ml 
test tubes. In the control option, a filtered wash was added from the surface of nutrient agar 
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in the same volume for microorganisms' cultivation. After 60 minutes, microscopic cuttings 
of potato plants were planted in these tubes. 

In vitro propagation of potato material was carried out by the method of clonal 
micropropagation in accordance with the methodological recommendations for in vitro 
material replication for original potato seed production of Federal Research Center of 
Potatoes named after A.G. Lorkh [23]. The test tubes with the plants were placed in a special 
room with a temperature of 20-22°C and 5000-8000 lux illumination with a photoperiod of 
16 hours. The cultivation time was 30 days. The following morphological parameters were 
measured every 10 days: the number of internodes on the shoot, the shoot length, the number 
of roots on the plant, the maximum root length. 

Statistical processing of the research results was carried out in accordance with 
international requirements using the "SPSS 11.5 for Windows" program for personal 
computers. 

3 Results and discussion  
Due to the evolutionary capacity for regeneration, the morphogenetic potential of the plant 
cell is manifested in a wider range than in natural conditions in vascular plants in in vitro 
systems. For potato crop, there are no specific recommendations in the methodological plan 
for assessing the in vitro morphogenesis of the material. Regeneration of biomaterial in tissue 
culture is recommended to be carried out in four phases: germination, intensive growth, 
slowed growth and natural death.  

In the germination phase, the biomaterial is formed as a result of direct morphogenesis 
development since the formation of the root system and seedling occurs directly from the 
explant cells.  

The most important part of the shaping process is the intensive growth phase. It is 
assessed in stages as morphological structures are formed: 2-3 internodes, 4-6 internodes and 
more than 7 internodes.  

The phase of slowed growth begins when the standard parameters of the regenerant plants 
are reached. Standard plants include regenerants forming at least 4 internodes, dark green in 
color with a well-developed lamina and root system.  

Physiological aging of the in vitro material begins with the phase of natural microplants' 
death. Its onset is usually observed from the moment of complete nutrient medium 
consumption and ends with the plants' drying or the formation of microtubers in vitro [23]. 

The influence of secondary bacteria metabolites on the in vitro morphophysiological 
parameters of potato material on day 10 is shown in Table 1. 

Table 1. Influence of secondary bacteria metabolites on morphophysiological parameters of potato 
material in vitro on day 10. 

Experimental 
option  

 

Number of 
internodes, 

pcs. 

Plant 
height, mm 

Root formation 
pcs. mm 

Control 2.70±0.15 51.10±2.38 5.10±0.48 56.34±2.99 
Bacillus cereus 9-
08-CH9 3.10±0.18* 55.10±2.36 5.00±0.61 55.44±2.47 

Achromobacter 
spanius 10-50TS2 2.70±0.15 57.00±2.85* 5.30±0.41 52.31±2.77 

Bacillus cereus 
875TS 2.20±0.16* 36.80±3.06* 3.30±0.30* 44.59±2.25* 

Note: * - reliability of differences between experiment and control (p <0.05). 
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On the 10th day, in vitro microplants have a phase of intensive growth and they have 
formed an average of 2-3 internodes and up with a plant height from 36 to 57 mm and the 
number of roots of 3-6 pieces per plant. When treating potato microplants with bacteria 
metabolites of 9-08-CH9 Bacillus cereus strain, there was a significant (p <0.05) excess of 
the number of internodes by 14.8% compared to the control. Bacteria metabolites of the 
Achromobacter spanius 10-50TS2 strain had a significant effect on plant height (11.5%). 
Bacteria metabolites of the Bacillus cereus 875TS strain at the indicated concentrations 
caused a significant growth inhibition and a root system development delay of potato 
microplants.  

Influence of secondary bacteria metabolites on the in vitro morphophysiological 
parameters of potato material on day 20 is shown in Table 2. 

Table 2. Influence of secondary bacteria metabolites on in vitro morphophysiological parameters of 
potato material on day 20. 

Experimental option 
 

Number of 
internodes, 

pcs. 

Plant height, 
mm 

Root formation 
pcs. mm 

Control 4.10±0.16 61.90±2.19 5.90±0.59 67.33±3.04 
Bacillus cereus 9-08-
CH9 4.50±0.13* 66.30±2.48 5.70±0.60 75.28±3.06* 

Achromobacter 
spanius 10-50TS2 4.70±0.11* 67.50±2.59* 5.50±0.50 70.98±3.75 

Bacillus cereus 875TS 3.40±0.17* 57.30±2.37* 4.50±0.56* 58.48±3.34* 
Note: * - reliability of differences between experiment and control (p <0.05). 

According to table 2, it can be seen that on day 20 in vitro microplants reached standard 
parameters in the control option and in options with bacterial strains Bacillus cereus 9-08-
CH9 and Achromobacter spanius 10-50TS2. Microplants treated with secondary metabolites 
of the bacterial strain Achromobacter spanius 10-50TS2 significantly (p <0.05) exceeded the 
indices of the control microplant in the number of internodes by 14.6% and in plant height - 
by 9%; the bacteria metabolites of the Bacillus cereus strain 9-08-CH9 had a significant effect 
on the number of internodes (9.8%) and root length (11.8%). Microplants treated with 
secondary bacteria metabolites of the Bacillus cereus 875TS strain on day 20 did not reach 
the standard parameters and the morphometric parameters of these plants were significantly 
lower than those of other experimental options. 

Influence of secondary bacteria metabolites on in vitro morphophysiological parameters 
of potato material on day 30 is shown in Table 3. 

Table 3. Influence of secondary bacteria metabolites on in vitro morphophysiological parameters of 
potato material on day 30. 

Experimental option Number of 
internodes, 

pcs. 

Plant height, 
mm 

Root formation 
pcs. mm 

Control 5.20±0.22 87.40±2.13 6.30±0.45 78.47±3.01 
Bacillus cereus 9-08-
CH9 6.20±0.24* 90.20±2.69 6.00±0.30 79.26±3.74 

Achromobacter 
spanius 10-50TS2 6.80±0.29* 85.80±2.52 5.90±0.42 74.25±3.86 

Bacillus cereus 875TS 5.70±0.30 76.20±3.04* 5.50±0.52 67.48±3.45* 
Note: * - reliability of differences between experiment and control (p <0.05). 

According to table 3, it can be concluded that on day 30 all microplants have reached 
standard parameters; a phase of slow growth is observed. In comparison with the control, 
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CH9 6.20±0.24* 90.20±2.69 6.00±0.30 79.26±3.74 
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According to table 3, it can be concluded that on day 30 all microplants have reached 
standard parameters; a phase of slow growth is observed. In comparison with the control, 

significant (p <0.05) differences in the number of internodes were observed in microplants 
treated with secondary metabolites with bacterial strains Bacillus cereus 9-08-CH9 and 
Achromobacter spanius 10-50TS2. Microplants treated with secondary bacteria metabolites 
of the Bacillus cereus 875TS strain achieved control values for the number of internodes and 
the number of roots but had significant differences in plant height and root length. 

4 Conclusions 
The experimental results indicate that when potato microplants are grown in vitro together in 
the Murashige-Skoog nutrient medium with the bacteria metabolites of the Bacillus cereus 
9-08-CH9 and Achromobacter spanius 10-50TS2 strains introduced at the grafting time at a 
dose of 250 μl, they have the highest inhibitory effect. Secondary metabolites of these 
bacterial strains have a significant increase in the number of internodes at all stages of plant 
cultivation, which can accelerate the in vitro replication of material for original potato seed 
production.  

Metabolites of the bacterial strain Bacillus cereus 875TS in the indicated concentrations 
cause growth inhibition and delay in the development of microplants' root system at the initial 
cultivation stages. 
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