
     

  

«   » 

     

  

 

  

_________ /  . . 

 «___» ________2020 . 

  

06.03.01.  

    
     

     
GC-   

     ________ . .- . . . .  

         ________ . .  

 
 
 
 
 
 

 
 

 2020 



 

«        

      

GC- »       

47 , 27 ,        

24 , 5 . 

,    

, ,    

 , GC-  

–         

ё        

GC- . 

        

.         

       

      

, , ,        

  .  

       

.       

  .  

ё            

 . ё   GC- . 

  

2 
 



 

 
2 

4 

1  6 

1.1. 6 

1.2.   6 

1. 3.    7 

1.4.   9 

1.5. GC- 9 

1.6.    9 

2   12 

2.1  12 

2.2  12 

2.3      12 

2.4  13 

3 15 

3.1    15 

3.2       20 

3.3  24 

3.4  GC- 26 

3.5    29 

43 

  44 

 

 
  

3 
 



 

        

, .            

.       

       

. ё ё         

  . 

,       

         

. ,         

 [1, 2, 3, 4]   [5].  

.       

.         

, . ,            

.      

[6, 7],          

        

. 

        

ё         

GC- . 

       

: 

●        ; 

● ,       ; 

●   GC-    ; 

● ,      

     ; 

● ,      . 

       
4 

 



« , ё » ( , 28-30        

 2018 .) 

      

« , ё : XXVI        

 » 

  

5 
 



1   

1.1.  

—     

.      

,         

, ,        

, ,    . 

      

, ,       

      

      

[8].     

        

, :        

. ,        

, ,       

         .  

      

,         

100-250 , ,        

, - [9].        

120000-200000 .        

, , 3000         

7000  [10]. 

 

1.2.    

.        

[11].         

        

. ,        
6 

 



- in situ (fiber-FISH)        

, ,         

, [12].        

,       

, ,         

,       

  6-10  .  

        

.          

.         

Antirrhinum 60 , Euglena          

, 200        

. ,         

        

  [13]. 

       

[14]. ,        

, : - ,        

,       

. I II,           

, -    

, b/f. ,         

, :       

- - , ,      

, , .        

, ,          

     

NADH-  . 

 

1. 3.     
7 

 



      

.        

[15] , ,       

,      

,       

- .       

, ,       

       

, .        

,         

,         

 . 

« »,      

– « ».       

,      

,         

       

, ,        

. ,     

.       

   ,    . 

,         

, ,       

        

[16].       

,         

       

, – [17].              

         

       . 
8 

 



 

1.4. щ     

, ,        

, ,          

.      

,       

- [18, 19],       

-        

,        

.         

   [20, 21].  

 

1.5. GC-  

      

, ,        

.        

   ,    GC-  [22]. 

GC        

37-39%. ,          

: Sphaerocarpos        

GC – 31,6%, Euglena gracilis           

– 25% [23]. GC- ,             

44%,          

– 26%, – 23%           

[24]. 

 

1.6.     

      

,       

. ,       
9 

 



,        

.        

,        

[25]. 

,       

.       

— ,          

           

.        

,          

. -        

, ,          

   [26]. 

,        

,         

.        

.       

,       

. 

— .       

« ».        

.      

, ,         

.            

,        

,         

.       

,       

. , ,      

         
10 

 



, ,        

 ,       . 

, ,        

,         

.        

        

  .  

       

.       

, .         

       

.          

.          

,         

,       

       

.       

 . 

  

11 
 



2    

2.1   

        

EMBL- ( 5 2015 ).           

 391    . 

       

   «Integrated Taxonomic Information System». 

 

2.2   

      

, .         

ё       

. .         

      .  

 

2.3 Ч       

      

3. 3          

          

. 64 . —          

           

  ,   —  : 

. (1) 

        

 3. 

:        

12 
 



,        

.         

, .              

64- .        

, 64-         

     . 

      

c .           

,            

603 11 .           

,      

, ,        

- 64- .          

64-       

.        

.         

,        

  . 

,       

.          

ё ,       

63- .        

          

. ,          

     . 

 

13 
 



2.4   

      

        

VidaExpert.       

,        

63- ё        

  [27]. 

,         

, , ,        

      

Microsoft Excel.       

,         

   .  

14 
 



3  

        15   42.  

15 
 



  

16 
 



  

17 
 



  

18 
 



  

19 
 



  

20 
 



  

21 
 



  

22 
 



  

23 
 



  

24 
 



  

25 
 



  

26 
 



  

27 
 



  

28 
 



  

29 
 



  

30 
 



  

31 
 



  

32 
 



  

33 
 



  

34 
 



  

35 
 



  

36 
 



  

37 
 



  

38 
 



  

39 
 



  

40 
 



  

41 
 



  

42 
 



Ч  

2        

5 ,        

.       

« », « », « »,           

« » « ».          

. ё       

« »,          

« ».         

,       

 10  .  

,          

,         

, .          

, ё          

  -   .  

, GC-        

. ,       

GC- , « »        

,         

« ».       

GC- ,          

    GC-    37%. 

-       

ё .       

        

« » .        

,       

      . 

  
43 

 



  Ч  

1. Gorban A. N., Zinovyev A. Y., Popova T. G. Seven clusters in genomic             

triplet distributions //In silico biology. – 2003. – . 3. – №. 4. – . 471-482. 

2. Gorban A., Popova T., Zinovyev A. Codon usage trajectories and 7-cluster           

structure of 143 complete bacterial genomic sequences //Physica A: Statistical          

Mechanics and its Applications. – 2005. – . 353. – . 365-387. 

3. . ., . .        

//      

 . – 2017. – №. 11-2. – . 255-259. 

4. . ., . ., . , . .            

       

// , ё    . – 2019. – . 31-36. 

5. . ., . ., . .          

      

// , ё    . – 2019. – . 58-66. 

6. Sadovsky M. G. et al. Seven-cluster structure of larch chloroplast genome. –            

2015. 

7. . ., . .         

        

// , ё    . – 2017. – . 70-78. 

8. McFadden G. I. Chloroplast origin and integration //Plant Physiology. –          

2001. – . 125. – №. 1. – . 50-53. 

9. Odintsova M.S., Yurina N.P. Chloroplast Genomics of Land Plants and          

Algae // Biotechnological Applications of Photosynthetic Proteins: Biochips,        

Biosensors and Biodevices / Eds Giardi M.T., Piletska E.V. Georgetown (Texas):           

Landes Bioscience/Eurekah. Com., 2006. P. 57–72. 

10. Noutsos Ch., Richly E., Leister D. Generation and Evolutionary Fate of           

Insertions of Organelle DNA in the Nuclear Genomes of Flowering Plants //            

Genome Res. 2005. V. 15. P. 616–628. 

11. Sugiura M. The chloroplast genome //Plant molecular biology. – 1992. – .            
44 

 



19. – №. 1. – . 149-168. 

12. Lilly J. W. et al. Cytogenomic analyses reveal the structural plasticity of the             

chloroplast genome in higher plants //The Plant Cell. – 2001. – . 13. – №. 2. – .                  

245-254. 

13. Scott N. S., Possingham J. V. Changes in chloroplast DNA levels during            

growth of spinach leaves //Journal of experimental botany. – 1983. – . 34. – №.               

12. – . 1756-1767. 

14. . ., . .        

       

// . – 1998. – . 34. – №. 1. – . 5-22. 

15. Abdallah F., Salamini F., Leister D. A prediction of the size and            

evolutionary origin of the proteome of chloroplasts of Arabidopsis //Trends in           

plant science. – 2000. – . 5. – №. 4. – . 141-142.; Leister D. Chloroplast                

Research in the Genomic Age // Trends Genet. 2003. V. 19. P. 47–56. 

16. . ., . . .         

//          

. – 2007. – . 54. – №. 4. – . 485-498. 

17. . . .         

 //  . – 2018. – . 65. – №. 4. – . 243-255. 

18. . ., . .           

// . – 2007. – . 47. – . 293-370.).            

(Lin L. et al. The contribution of Alu exons to the             

human proteome //Genome biology. – 2016. – . 17. – №. 1. – . 1-14. 

19. Bird C. P., Stranger B. E., Dermitzakis E. T. Functional variation and            

evolution of non-coding DNA //Current opinion in genetics & development. –           

2006. – . 16. – №. 6. – . 559-564. 

20. . ., . .         

//     

. – 2014. – . 54. – . 39-102. 

21. Beaton M. J., Cavalier-Smithf T. Eukaryotic non-coding DNA is functional:          
45 

 



evidence from the differential scaling of cryptomonad genomes //Proceedings of          

the Royal Society of London. Series B: Biological Sciences. – 1999. – . 266. – №.                

1433. – . 2053-2059. 

22. Vinogradov A. E. Noncoding DNA, isochores and gene expression:         

nucleosome formation potential //Nucleic acids research. – 2005. – . 33. – №. 2. –               

. 559-563. 

23. Scott N. S., Possingham J. V. Changes in chloroplast DNA levels during             

growth of spinach leaves //Journal of experimental botany. – 1983. – . 34. – №.               

12. – . 1756-1767. 

24. Maier R. M. et al. Complete sequence of the maize chloroplast genome:             

gene content, hotspots of divergence and fine tuning of genetic information by            

transcript editing //Journal of molecular biology. – 1995. – . 251. – №. 5. – .                

614-628. 

25. . ., . .          

//        

 . – 2010. – . 17. – №. 2. – . 39-45. 

26. . ., . ., . .           

        

//        

. – 2010. – . 9. – №. 3. – . 516-522. 

27. . ., . ., . . ViDaExpert:           

      . – 2014. 

  

46 
 



 

47 
 




