
˸͙ͦ ͔͍ͨͪ·͔ млл ͔͍ͨͪͦͭͦ͟ ͤ͊ 
IonTorrent - ͪ ͊ͫͫ͊͘͟ 
͙͙͋ͦͤͺ͙ͦͪͣ͊ͭ͊͟ 

ˢ͔͔͔͍ͫ͟͡ ˨͙͙͚ͣͭͪ 
͍͊͘Φ ͊͋͡Φ ˣ͙͙ͦͤͺ͙͙ͦͪͣ͊ͭ͟ ˹ ˮˮ ̅̆˸ 



˿͙͙ͭ͊ͭͫͭ͊͟ ς рп ;͙ͨ͊ 

 



˴ͦ͡-͍ͦ ͙͍ͪ͒ͦ 



˴ͦ͡-͍ͦ ͙͍ͪ͒ͦ 

 



˨͙ͤ͡· ͙͍ͪ͒ͦ 

 



N50 



˾͙͒· ͟ ͙͍͍͊ͪͭͪͦ͊΄͙͔ͫΎ ͤ ͊ ͫ͋ͦͪͯ͟ 
(mira) 

 



 



˽͊ͪͤ·͔ ͺ͎͔ͪ͊ͣͤͭ· - SSPACE 

Å˽ ͍ͦͦ͘͡Ύ͔ͭ ͙ͯ͒ͤ͡ΎͭΈ ͙ ͔͙ͫͦ͒ͤΎͭΈ 
όͫ͊͟ͺͺ͙͎ͦ͒ͤ͡ύ ͙͎͙ͦͤͭ͟ ͤ͊ ͍͔ͦͫͤͦ ͚ͦ͒ͤͦ ͙ 
͔͔͋ͦ͡ ͙͙͔͋͋ͦͭ͟͡ ͨ͊ͪͤ·ͻ ͙͍ͪ͒ͦ 



Contigs Paired-read data 

Extend contigs 
(optional) 

Map reads on contigs 
and filter duplicates 

Pair contigs 

Scaffold contigs 

Next paired-
read library 

Filter non- 
ACTG reads 

SSPACE algorithm 



Å ˤ͔ͪͦΎͭͤ·͔ ͨ͊ͪ· ͙͎͍ͦͤͭͦ͟ ͔͔ͦͨͪ͒͡ΎΌͭͫΎ ͤ͊ ͍͔ͦͫͤͦ ͙͍͙͊ͪͭͪͦ͊ͤ͟Ύ 
ͨ͊ͪͤ·ͻ ͙͍ͪ͒ͦ ͤ͊ ͫ͋ͦͪͯ͟ 

 

Å ˴͙͍͙͔͊ͪͭͪͦ͊ͤ ͫ;͙͔ͭ͊ͭͫΎ ͔ͯͫͨ΄ͤ·ͣΣ ͔͙ͫ͡ ͪ͊ͫͫͭͦΎ͙͔ͤ ͔ͣ͗͒ͯ ͙͙ͪ͒͊ͣ 
͍͔͍ͯ͒ͦͭͦͪ͡Ύ͔ͭ ͯ͊͊ͤͦͣͯ͘͟ ͙ͨͪ ͔͊ͨͯͫ͘͟ ͙͒͊ͨͦͦͤͯ͘ 

 

Å ˿͊͟ͺͺ͙͎ͦ͒ͤ͡ ͤ͊;͙͔ͤ͊ͭͫΎ ͫ ͙͔͔ͤ͊͋ͦ͡ ͙͎͒ͤͤͦͦ͡ ͙͎ͦͤͭ͊͟Φ ˩͙ͫ͡ ;͙ͫͦ͡ 
͍ͫΎ͔͚͘ ͔ͣ͗͒ͯ ͙ͤͣ ͙ ͎͙͒ͪͯͣ ͙͎ͦͤͭͦͣ͟ ͔͍ͨͪ·΄͔͊ͭ ͎ͨͦͪͦΣ ͭͦ ͙ͦͤ 
ͦ͋Ά͔͙͒ͤΎΌͭͫΎ ͍ ͫ͊͟ͺͺͦ͒͡ ό͙͔ͭͪ͊ͼ͙ͦͤͤ·͚ ͨͪͦͼ͔ͫͫύ 

 

Å ˤ ͫͯ͡;͔͊ ͙ͤ͊͡;͙Ύ ͊͡Έ͔͙͍ͭͪͤ͊ͭͤ·ͻ ͔͚ͨͯͭ όA <-> B, A <-> C) ͍ ·;͙ͫ͡Ύ͔ͭͫΎ 
ͦͭͤͦ΄͔͙͔ͤ ;͙ͫ͊͡ ͍ͫΎ͔͚͘ ͔ͣ͗͒ͯ ͙͙ͤͣΦ ˩͙ͫ͡ ͦͤͦ ͔ͣͤΈ΄͔Σ ;͔ͣ ͎ͨͦͪͦ 
όлΦтύ ͍·͙͔͋ͪ͊ͭͫΎ ͯ͡;΄͙͚ ͨͯͭΈΦ ˩͙ͫ͡ ͋ͦ͡Έ΄͔ ς ͫ ͊͟ͺͺ͙͎ͦ͒ͤ͡ 
͔ͨͪͪ·͍͔͊ͭͫΎ 

 

 

 

 

SSPACE algorithm 



ˢ͡Έ͔͙͍ͭͪͤ͊ͭͤ·͔ ͙ͨͯͭ ͫ͊͟ͺͺ͙͎ͦ͒ͤ͊͡ 

A 

A 

B 

B 

C 

C 

10 

5 

10 

A 

A 

B 

B 

C 

10 

5 

(a) (b) 



˽͔͍͔͙͔ͪ͒ͫͭ͊ͤ͡ ͫ͊͟ͺͺ͍ͦ͒ͦ͡Υ .dot ͅ ͚͊͡, dotty 



˽͙͔ͪͣͪ ͙͙͙ͫͭ͊ͭͫͭ͟ ͫ͊͟ͺͺ͙͎ͦ͒ͤ͊͡ 

Å READING READS r2b1:  Total inserted pairs = 437,615 

Å READING READS r3b1:  Total inserted pairs = 460,399 

Å Inserted contig file;   

ïTotal number of contigs = 135   
N50 = 41,390 

Å After scaffolding r2b1: 

ïTotal number of scaffolds = 51 

ïN50 = 143,152 

Å After scaffolding r3b1: 

ïTotal number of scaffolds = 25 

ïN50 = 321,140 

 

 

 

 

 

 



˽͚͚͊ͨ͊ͤ͡ ͒͡Ύ ͫ͋ͦͪ͊ ͙͙͙ͫͭ͊ͭͫͭ͟ 

˾͙͒· м ˾͙͒· 2 

- ˥ ͙͎ͫͭͦͪ͊ͣͣ· ͙͒ͤ͡ ͍͍ͫͭ͊ͦ͟  
- ͨ ͦ͒ͪͦ͋ͤ͊Ύ ͙ͤͺͦͪͣ͊ͼ͙Ύ ͦ 
͙͍͙͙͊ͪͭͪͦ͊ͤ͟ ͨ͊ͪ 

Bowtie 2, R ͙͎͙ͦͤͭ͟ 

ͨ͊ͪ· 

FASTQ 



˥͙͎ͫͭͦͪ͊ͣͣ͊ ͙͒ͤ͡ ͍͍͙ͫͭ͊͟ 



Contig 3: ͦ ͔͔͙ͨͪ͒ͭ͡Έ ͨ͊ͪ· ͨͪͦͫͭͦ 
ˣ͙͎͙ͦͦ͡;͔͙͔ͫ͟ ͍ͨͦͭͦͪ· - ͻͦͪͦ΄͊Ύ ͍͙͍͙ͦͫͨͪͦͦ͒ͣͦͫͭ͘Έ 



Contig 37: ͦ ͔͔͙ͨͪ͒ͭ͡Έ ͨ͊ͪ· ͨͪͦͫͭͦ 



Contig 62: ͦ ͔͔͙ͨͪ͒ͭ͡Έ ͨ͊ͪ· ͫͦ͗ͤͦ͡ 



˿͊͟ͺͺ͙͎ͦ͒ͤ͡ ͫ͋ͦͪͦ͟ прп ͙ Ion Torrent 

Å Pseudomonas stutzeri, 454+Ion Torrent 
ïTotal number of contigs = 91 
ïN50 = 130,512 
ïTotal number of scaffolds = 5 
ïN50 = 2,709,945 
ïMax scaffold size: 2,709,945 
 
 

Å Pseudomonas stutzeri , Ion Torrent 
ïTotal number of contigs = 369 
ïN50 = 47,929 
ïTotal number of scaffolds =74 
ïN50 = 377,361 
ïMax scaffold size: 1,618,709  

 



˿͊͟ͺͺ͙͎ͦ͒ͤ͡ ͫ͋ͦͪͦ͟ прп ͙ Ion Torrent 

Å Enterococcus  faecium, 454 
ïTotal number of contigs = 70 
ïN50 = 95,885 
ïTotal number of scaffolds = 15 
ïN50 = 441,245  
ïMax scaffold size: 1,575,801  

 
 

Å Enterococcus  faecium, Ion Torrent 
ïTotal number of contigs = 156 
ïN50 = 100,114 
ïTotal number of scaffolds =50 
ïN50 = 1,960,091 
ïMax scaffold size: 1,960,091 

 



M.tuberculosis 
454 FLX 
149 ͟ ͙͎͍ͦͤͭͦ 
N50 = 101797 
 

ˣ͙͋͡ ͨ͊ͪͤ·ͻ 
ͺ͎͔͍ͪ͊ͣͤͭͦ 
(2-3 ͭ ·ͫ + 4-5 ͭ ·ͫ) 
όͨͦ͒ ͪ͊ͤ͘·͙ͣ 
͙͋͊ͪͦ͒͊ͣ͟) 

49 scaffolds 
N50 = 494662 
 

M.tuberculosis 
454 FLX 
165 ͟ ͙͎͍ͦͤͭͦ 
N50 = 88489 
 

ˣ͙͋͡ ͨ͊ͪͤ·ͻ 
ͺ͎͔͍ͪ͊ͣͤͭͦ 
(2-3 ͭ ·ͫ + 4-5 ͭ ·ͫ) 
όͨͦ͒ ͪ͊ͤ͘·͙ͣ 
͙͋͊ͪͦ͒͊ͣ͟) 

35 scaffolds 
N50 = 738326 



͔́ͣ͊Υ 

˾͊ͫ΄͙ͺ͍ͪͦ͊͟ ͔ͣͻ͙͍͊ͤͣͦ͘ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͔͔͙͒ͭͪͣͤ͊ͤͭ ͎͔͙ͨ͊ͭͦͤͤͦͫͭ 
͔͙ͫͭͪͨͭͦͦ͊ͣ͟͟͟ ͎ͪͯͨͨ· viridans ͤ ͊ ͍͙͙ͦͫͤͦ͊ͤ ͍͔͙ͫͪ͊ͤͤΎ ͔ͨͦͤͦͪ͊ͣͪͤ͘͡·ͻ 
͔͙ͤͯͦͭ͒ͤ͟͡·ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͙ͻ ͎͔͍ͤͦͣͦ 

˽͔ͪͦ͋ͣ͊͡Υ 

˽ͪͦΎ͔͙͔ͫͤͤ ͔ͣͦͯ͟͡͡Ύͪͤ·ͻ ͔ͣͻ͙͍͊ͤͣͦ͘ ͺ͙͍͙ͦͪͣͪͦ͊ͤΎ ͎͔͎ͨ͊ͭͦͤͤͦͦ ͔ͨͦͭͤͼ͙͊͊͡ 
͙͙ͤ͟͡;͔͙ͫ͟ ͤ͊͘;͙ͣ·͙ͣ ͙͎͙͙ͣͪͦͦͪ͊ͤͣ͊ͣ͘͟ ͪͦ͒͊ StreptococcusΣ ͍ ;͙͊ͫͭͤͦͫͭ S. pneumoniae 
ό͔͍ͨͤͣͦͦ͊͟͟͟ύΣ ͍·͘·͍͊Ό΅͔͎ͦ ͯ ;͔͍͔ͦ͊͟͡ ͔͍͙ͨͤͣͦͤΌΣ ͔͙ͫͨͫͫΣ ͔͙͎͙ͣͤͤͭ 

˭͊͒͊;͙Υ 

Å ˥͔͔ͤͦͣͤͦ ͔͍͔͙͍͙͔ͫͤͪͦ͊ͤ͟ ͙͙ͤ͟͡;͔͙ͫ͟ͻ ͙ͦ͘͡Ύ͍ͭͦ ͔͔ͤ͘͡Ύ΅͙ͻ όviridansύ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟Σ ͙ͦͭ͡;ͤ·ͻ ͨͦ 
͍͙͍͚͒ͦͦ ͙͔͙ͨͪͤ͊͒͗ͤͦͫͭ͡ όS. mitis ͙  S. pneumoniaeύ ͙ ͙͙ͤ͟͡;͔͙ͫͣ͟ ͨͪͦΎ͍͔͙ͤ͡Ύͣ ͫͦ ͫͭͦͪͦͤ· ͨ͊ͼ͙͔ͤͭ͊ 
ό͙͍͙͍ͤ͊ͤ͘·͔ ͙ ͔͙͍͙͍ͤͤ͊ͤ͘·͔ S. pneumoniae) 

Å ˮ͍͔͙ͤͤͭ͊ͪ͊͘ͼ͙Ύ ͙ ͙͔͙ͫͫͭͣ͊ͭ͊͘ͼ͙Ύ ͙͍͔ͫͭͤ͘·ͻ ͔ͭͦ͟͡;ͤ·ͻ ͔͍ͦͣͨͦͤͤͭͦ͟ ͙ ͫͭͪͯͭͯͪ͟ όͺ͔͔͍ͪͣͤͭͦΣ ͔͙͍ͨͪͦͭͤͦ 
͔ͭͦ͟͡;͚ͤͦ ͔͙ͫͭͤ͟Σ ͊ͨͫͯ͟͡·Σ ͙͔͚ͨ͡ ͙ ͒ͪΦύΣ ͦ͋·;ͤͦ ͙͍͔ͪ͊ͫͫͣ͊ͭͪ͊ͣ·ͻ ͍ ͊͟;͔͍͔ͫͭ ͺ͍͊ͭͦͪͦ͟ ͎͔͙ͨ͊ͭͦͤͤͦͫͭ ͙ 
͍͙͔͙ͪͯͤͭͤͦͫͭ͡Σ ͤ͊ ͍͙͙ͦͫͤͦ͊ͤ ͙͊ͤ͊͊͘͡ ͔ͨͦͤͦͪ͊ͣͪͤ͘͡·ͻ ͔͙ͤͯͦͭ͒ͤ͟͡·ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͎͔͍ͤͦͣͦ 
͙ͦ͘͡Ύ͍ͭͦ ͔͔ͤ͘͡Ύ΅͙ͻ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟ ͎ͨͦ͒ͪͯͨͨ· mitis.  

Å ˤ·Ύ͍͔͙͔ͤ͡ ͍ͤͦ·ͻ ͺ͍͊ͭͦͪͦ͟Σ ͦͭͦͪ͟·͔ ͎ͣͦͯͭ ͙͎ͪ͊ͭΈ ͪͦ͡Έ ͍ ͊͒͊ͨͭ͊ͼ͙͙ ͙ ͙͍͙͙ͤ͊͘ ͙͎͙͍ͣͪͦͦͪ͊ͤͣͦ͘͟ ͪͦ͒͊ 
Streptococcus ͍  ͎͙͔ͣ͊ͪͦͦͪ͊ͤͣ͘͟Σ ͔͙ͣͭͦ͒͊ͣ ͍͙͔ͫͪ͊ͤͭ͡Έ͚ͤͦ ͎͔͙͙ͤͦͣ͟Φ 

Å ˤ·Ύ͍͔͙͔ͤ͡ ͫͭͪͯͭͯͪͤ͟·ͻ ͙ ͺͯͤ͟ͼ͙ͦͤ͊͡Έͤ·ͻ ͔͔͚ͦͫͦ͋ͤͤͦͫͭ ͎͔ͤͦͣ͊Σ ͔͔ͦͨͪ͒͡ΎΌ΅͙ͻ ͍·͋ͦͪ ͔ͣ͗͒ͯ 
͙͙ͨ͊ͪ͊ͭͣͦͣ͘͘ ͙ ͔͙ͦͣͣͤͫ͊ͣͦͣ͘͟͡ ͤ͊ ͙͔͔ͨͪͣͪ ͍͔͙ͫͪ͊ͤͤΎ ͎͔͍ͤͦͣͦ S. pneumoniae ͙  S. mitis. 



Sequencing Platform Sequencing Depth Assembly Method Large Contigs 

Ion Torrent PGMTM 35x GS De Novo Assembler v. 2.8 115 

Ion Torrent PGMTM 34x GS De Novo Assembler v. 2.8 103 

Ion Torrent PGMTM 40x GS De Novo Assembler v. 2.8 107 

Ion Torrent PGMTM 31x GS De Novo Assembler v. 2.8 124 

Ion Torrent PGMTM 20x GS De Novo Assembler v. 2.8 226 

Ion Torrent PGMTM 26x GS De Novo Assembler v. 2.8 180 

Ion Torrent PGMTM 19x GS De Novo Assembler v. 2.8 208 

Ion Torrent PGMTM 55x GS De Novo Assembler v. 2.8 88 

Ion Torrent PGMTM 75x GS De Novo Assembler v. 2.8 60 

Ion Torrent PGMTM 48x GS De Novo Assembler v. 2.8 110 

Ion Torrent PGMTM 74x GS De Novo Assembler v. 2.8 37 

Ion Torrent PGMTM 53x GS De Novo Assembler v. 2.8 67 

Ion Torrent PGMTM 77x GS De Novo Assembler v. 2.8 34 



˴ ͤ͊ͫͭͦΎ΅͔ͣͯ ͔ͣͦͣͤͭͯ ͨͪͦ;͙ͭ͊ͤ· ͎͔ͤͦͣ· у ΄͍ͭ͊ͣͣͦ ͔͍͍ͨͤͣͦͦͦ͟͟͟ όп ͙͍͙͍ͤ͊ͤ͘·ͻΣ п 
͔͙͍͙͍ͤͤ͊ͤ͘·ͻύΣ р ΄͍ͭ͊ͣͣͦ S. mitis ͙  ͎ͦ͒ͤͦͦ ΄ͭ͊ͣͣ͊ ͔͍͔͍ͨͫ͒ͦͨͤͣͦͦ͊͟͟͟Φ ˤ͔ͫ ͎͔ͤͦͣ· 
ͣͦ͗ͤͦ ͚͙ͤ͊ͭ ͍ ͔͋͊͘ ͒͊ͤͤ·ͻ NCBI 

ˤ͙͒ ̊ͭ͊ͣͣ Accession ͍  NCBI 

Streptococcus pneumoniae 357 PRJNA201317 

Streptococcus pneumoniae 2009 PRJNA201318 

Streptococcus pneumoniae 801 PRJNA201319 

Streptococcus pneumoniae 845 PRJNA201320 

Streptococcus pneumoniae 1488 PRJNA201321 

Streptococcus pneumoniae 1542 PRJNA201322 

Streptococcus pneumoniae 3051 PRJNA201323 

Streptococcus pneumoniae 1779 PRJNA206047 

Streptococcus mitis 11/5 PRJNA201324 

Streptococcus mitis 13/39 PRJNA201325 

Streptococcus mitis 17/34 PRJNA206048 

Streptococcus mitis 18/56 PRJNA206049 

Streptococcus mitis 29/42 PRJNA206050 

Streptococcus pseudopneumoniae G42 ͍ ͨͪͦͼ͔͔ͫͫ ͦͺ͔͙ͦͪͣͤ͡Ύ 



Å у ͤ͊΄͙ͻ ͎͔͍ͤͦͣͦ S. pneumoniae 
Å 64 ͎ ͔ͤͦͣ͊ ͙͘ ͋͊͘· ͒͊ͤͤ·ͻ NCBI 

˾͔͔ͦͣͤ͒͊͟ͼ͙͙ CDC ͨ ͦ ͔͔͔͙ͦͨͪ͒ͤ͡Ό 40 ͔͙͍ͫͪͦͭͨͦ  ͫ
ͨͦͣͦ΅ΈΌ ͫ ͔͔ͪͦͫͨͼ͙ͺ͙;͚ͤͦ ͣ ͯ͡Έ͙͚͔͚ͭͨͪ͊ͣͪͤͦ ˽ ̇ ˾

˽͔͍͙ͪ;ͤ͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ΄͍ͭ͊ͣͣͦ ͨ ͦ ͎͔ͤͦͣͤ·ͣ ͒͊ͤͤ·ͣ: 
ζ͍͙ͪͭͯ͊͡Έ͔ͤͦ ͫ ͔͙͙͍͙͔ͪͦͭͨͪͦ͊ͤη Streptococcus pneumoniae 



˽͔͍͙ͪ;ͤ͊Ύ ͻ͔͙͙͊ͪ͊ͭͪͫͭ͊͟͟ ΄͍ͭ͊ͣͣͦ ͨ ͦ ͎͔ͤͦͣͤ·ͣ ͒͊ͤͤ·ͣ: 
ͺ͙͎͔͔͙ͦͤͭ͊͟͡ 

Å пнт ΄͍ͭ͊ͣͣͦ ͙͘ ͋͊͘· ͒͊ͤͤ·ͻ MLSA S. viridans 
 

Å 64 ͎͔ͤͦͣ͊ ͙͘ ͋͊͘· ͒͊ͤͤ·ͻ NCBI 
 

Å 14 ͎͔͍ͤͦͣͦ ͙͘ ͤ͊΄͔͚ ͔ͦ͟͟͡͡ͼ͙͙ 
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͎ͨͦ͒ͪͯͨͨ· mitis ͎ ͪͯͨͨ· ͔͔ͤ͘͡Ύ΅͙ͻ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟ 

S. pneumoniae (͙ ͍͙͍ͤ͊ͤ͘·͔ύ 
S. pneumoniae 
(͔͙͍͙͍ͤͤ͊ͤ͘·͔ύ S. mitis 



˿ͭͪͯͭͯͪ͊͟ ͊ͨͫͯ͟͡Έ͎ͤͦͦ ͔ͦͨͪͦͤ͊ ͔͍͙͔͔͚ͨͪ͒ͫͭ͊ͭ͡ ͎ͪͯͨͨ· 
͔͔ͤ͘͡Ύ΅͙ͻ ͔͍ͫͭͪͨͭͦͦͦ͟͟͟ 

˴͊ͨͫͯ͊͡ ς ͦ ͙͒ͤ ͙͘ ͍ͦͫͤͦͤ·ͻ ͺ͍͊ͭͦͪͦ͟ ͍͙͔͙ͪͯͤͭͤͦͫͭ͡ ͔͍ͨͤͣͦͦ͊͟͟͟ 



PEN TET CIPR SPEC CRO Azi 

NG3 

NG3mut 

NG19 

NG51 

Neisseria gonorrhoeae 
˴͙͙ͤ͡;͔͙͔ͫ͟ ͙ͦ͘͡Ύͭ· 



Neisseria gonorrhoeae 

NG51 (whole) 

NG7mut (454) 

NG7 (ionTorrent) 

NG7 (454) 

NG51 (whole) 



Neisseria gonorrhoeae 



Neisseria gonorrhoeae 
ˤ͙͎͔ͤͯͭͪͤͦͣͤ·͔ ͨ ͍ͦͭͦͪ· 

ÅDNA uptake sequences 5Ω-ATGCCGTCTGAA-оΩ  

̊ͭ͊ͣͣ 
˴͙ͦ͡;͔͍ͫͭͦ ͍͍ͨͦͭͦͪͦ 

DUS10 DUS12 

N. gonorrhoeae NG3 1849 1419 

N. gonorrhoeae NG3mut 1905 1451 

N. gonorrhoeae NG19 1930 1479 

N. gonorrhoeae NG51 1913 1462 

N. gonorrhoeae FA1090 1965 1522 

N. gonorrhoeae NCCP11945 1966 1520 

N. gonorrhoeae 35/02 1915 1475 



˿͋ͦͪ͊͟ ŘŜ-ƴƻǾƻ ͙ ͙͊ͤ͊͘͡ ͎͔ͤͦͣ͊ 
Pseudomonas stutzeri KOS6 

 



˻͋Ά͔ͭ͟ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡ΎΥ Pseudomonas stutzeri  

Å ɻʨʘʤʦʪʨʠʮʘʪʝʣʴʥʳʝ ʙʘʢʪʝʨʠʠ, ʢʦʪʦʨʳʝ ʰʠʨʦʢʦ ʨʘʩʧʨʦʩʪʨʘʥʝʥʳ ʚ ʧʨʠʨʦʜʝ  

Å ɺʧʝʨʚʳʝ ʙʳʣʠ ʠʟʚʣʝʯʝʥʳ ʠʟ ʩʧʠʥʥʦʤʦʟʛʦʚʦʡ ʞʠʜʢʦʩʪʠ. ʋʩʣʦʚʥʦ-
ʧʘʪʦʛʝʥʥʳʝ ʤʠʢʨʦʦʨʛʘʥʠʟʤ 

Å ʆʙʠʪʘʶʪ ʚ ʦʯʝʥʴ ʨʘʟʥʦʦʙʨʘʟʥʳʭ ʩʨʝʜʘʭ: ʧʦʯʚʘ, ʪʦʣʱʘ ʤʦʨʩʢʦʡ ʚʦʜʳ ʠ 
ʦʩʘʜʢʠ, ʩʪʦʯʥʳʝ ʚʦʜʳ 

Å ʆʙʣʘʜʘʶʪ ʦʯʝʥʴ ʰʠʨʦʢʠʤ ʩʧʝʢʪʨʦʤ ʤʝʪʘʙʦʣʠʯʝʩʢʠʭ ʬʫʥʢʮʠʡ 

Å ʄʦʜʝʣʴʥʳʡ ʦʨʛʘʥʠʟʤ ʜʣʷ ʠʟʫʯʝʥʠʷ ʜʝʥʠʪʨʠʬʠʢʘʮʠʠ 

Å   ʉʧʦʩʦʙʥʦʩʪʠ ʦʨʛʘʥʠʟʤʘ ʫʩʚʘʠʚʘʪʴ ʰʠʨʦʢʠʡ ʩʧʝʢʪʨ ʩʫʙʩʪʨʘʪʦʚ ʤʦʞʝʪ 
ʩʜʝʣʘʪʴ ʝʛʦ ʧʨʠʤʝʥʠʤʳʤ ʚ ʙʠʦʨʝʤʝʜʠʘʮʠʠ ʠ ʦʯʠʩʪʢʠ ʩʪʦʯʥʳʭ ʚʦʜ. 

Å   ɺʳʩʦʢʘʷ ʯʘʩʪʦʪʘ ʝʩʪʝʩʪʚʝʥʥʦʡ ʪʨʘʥʩʬʦʨʤʘʮʠʠ 

Å   ʀʩʧʦʣʴʟʦʚʘʣʠʩʴ ʠʪʘʣʴʷʥʩʢʠʤ ʤʠʢʨʦʙʠʦʣʦʛʦʤ Giancarlo Ranalli ʜʣʷ 
ʨʝʩʪʘʚʨʘʮʠʠ ʩʪʘʨʠʥʥʳʭ ʬʨʝʩʦʢ         



Pseudomonas stutzeri KOS6 



˾͔ͯ͘͡Έͭ͊ͭ· ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ 

Ion Torrent PGM 

¸ ˨͍͔ ͺ͎͔ͪ͊ͣͤͭͤ·͔ ͙͙͔͙͋͋ͦͭ͟͡Υ 
-100 ͨ ͤ όͨͦͪ͟·͙͔ͭ ртȄύ  

-200 ͨ ͤ όͨͦͪ͟·͙͔ͭ морȄύ 

 

¸ ˨͍͔ ͨ͊ͪͤ·͔ όƳŀǘŜ-ǇŀƛǊύ ͙͙͔͙͋͋ͦͭ͟͡Υ 
-͍͍͙ͫͭ͊͟ 2.5 ͟ ͋ όͨͦͪ͟·͙͔ͭ мпфȄΣ то҈ ͨ͊ͪͤ·ͻύ 

-͍͍͙ͫͭ͊͟ 4.5 ͟ ͋ όͨͦͪ͟·͙͔ͭ мпнȄΣ ут҈ ͨ͊ͪͤ·ͻύ 
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˿͊͟ͺͺ͙͎ͦ͒ͤ͡ 

SSPACE 

Mate-pair, 
3-4 kb 

Mate-pair, 
4-5 kb 

De-novo 
assembly 

Scaffolds 



˿͊͟ͺͺ͙͎ͦ͒ͤ͡ 

 

¸ Mate pair 4-р ͋͟Υ 

- тп ͫ͊͟ͺͺ͍ͦ͒ͦ͡ 

 

¸ Mate pair 2-о ͋͟ 

- фл ͫ͊͟ͺͺ͍ͦ͒ͦ͡ 

 

¸ CǊŀƎƳŜƴǘ Ҍ ƳŀǘŜ ǇŀƛǊ όζͪͯ;ͤ͊ΎηΣ  Vector NTI) 

 - нс ͫ͊͟ͺͺ͍ͦ͒ͦ͡ 



 

ˢ͙ͤ͊͘͡ ͎͔ͤͦͣ͊ 



Whole-genome BLAST 

Pseudomonas stutzeri CCUG 29243 

Pseudomonas stutzeri DSM 4166 

Pseudomonas stutzeri ATCC 

Pseudomonas stutzeri A1501 

Tolumonas auensis DSM 9187 

Parvibaculum lavamentivorans DS-1 



˥͙ͦͪͦͤͭ͊͘͡Έͤ·͚ ͔͔ͨͪͤͦͫ 

¸ Tolumonas auensis  
ˣ͔͙͊ͭͪ͟Ύ ͙͍ͨͪͦͦ͒͘Ύ΅͊Ύ ͭͦͯͦ͡͡Φ ˻͙͔͋ͭ͊ͭ ͍ ͭͦͣ ;͙͔ͫ͡ ͍ 
͔͙͋ͫͫͦͪͦ͒ͤ͟͡·ͻ ͔ͦͪͤ͘·ͻ ͔͙ͦͭͦ͗ͤ͡Ύͻ  

́ͦͯ͡ ȳͦ͡ όͦͭ ͙ͫͨΦ ¢ƻƭǳΣ ͙͚ͭͦͯ͊ͤͫ͟͡ ͋͊͡Έ͊ͣ͘ύ τ ͣ ͔͙͔ͭ͋ͤͦ͘͡͡Σ ͔͋ͫͼ͍͔ͭͤ͊Ύ 
͙͗͒ͦͫͭ͟Έ ͫ ͻ͔͊ͪ͊ͭͪͤ͟·ͣ ͊ͨ͊͘ͻͦͣΣ ͙ͦͭͤͦͫͭͫΎ ͟ ͔͊ͪͤ͊ͣΦ ˽ͪͦ͒ͯͭ͟ 
͙͙͊ͭ͊ͭ͟͡;͔͎ͫͦͦ͟ ͙ͪͺ͙͎ͦͪͣͤ͊ ͔͙͍͋ͤͤͦ͘·ͻ ͺͪ͊͟ͼ͙͚ ͔ͤͺ͙ͭΦ 

¸ Parvibaculum lavamentivorans DS-1 
ˣ·͡ ͙͍͔͘͡;͔ͤ ͙͘ ͦ;͙ͫͭͤ·ͻ ͔͙͚ͫͦͦͪͯ͗ͤ ό˥͔͙ͪͣ͊ͤΎύΦ ̂;͍͔͊ͫͭͯͭ ͍ 
͔͔͔ͨͪͪ͊͋ͦͭ͟  ͙͔͚ͤͤ͡·ͻ ͙͔͊͋ͤͦͫͯ͘͟͡͡͡͡Έͺ͍ͦͤ͊ͭͦ ό͍ 
ͫͯ͡Έͺͦͺ͙͙͙ͤ͊ͪ͋ͦͫ͊ͭ͟͟͡͡·ύ  

 
 
115 ͎ ͔͍ͤͦ 
76 ς ͎ ͙͔͙ͨͦͭͭ;͔͙͔ͫ͟ ό͔͙͍͔ͤͫͭͤ͘·͔ύ 
 



ˮ͍͔ͫͭͤ͘·͔ ΄ͭ͊ͣͣ· P. stutzeri 
KOS6 ΄͊ͣ͡ 

CCUG_29243 ˹͊ͺ͙ͭ͊ͤ͡ ͔͎͒ͪΣ ͎͊ͪ͘Φ ͣΦ ͦͫΦ 

ATCC_14405 ͣͦͪͫ͟ 

DSM_4166 ͙ͪͦͫ͘ͺ 

ATCC_17588 ͙͙ͤ͟͡; 

A1501 ͙ͪͦͫ͘ͺ 

DSM_10701 ˽ͦ;͍͊ ͋ͭͪ͊ͤͫͺͦͪͣ ͙ͨͪͪ ͍-  ͍

SDM_LAC ͙͙̂ͭ͘͡ ͊ͭ͊ͭ͟͡ 

T13 ˢ͙͍ͭͤ͟·͚ ͙͡ 

TS44 - ˭͎͊ͪΎͤ͘ ͨͦ;͍͊ ͭͪ͊ͤͫͺ ͔͙͊ͪͫͤͭ͊ 

XLDN_R - ˨͔͎ͪ ͔ͪͦ͊͘͟͡ 





˴͊͟ ͚͙ͤ͊ͭ ζ͙ͯͤ͊͟͡Έͤ·͔η ͎͔ͤ· 

KOS6 

T13 

KOS6 
KOS6 
A1501 

RAST 

genes 

genes 

KOS6 
KOS6 
genes 

͙̂ͤ͊͟͡Έͤ·͔ 
͒͡Ύ ΄ͭ͊ͣͣ͊ 
͎͔ͤ· 



Å [1] "Enoyl-CoA hydratase [branched-chain amino acid degradation] (EC 4.2.1.17)"                    
[2] "Aldehyde dehydrogenase A (EC 1.2.1.22)"                                                       
[3] "Sialic acid transporter (permease) NanT"                                                      
[4] "Acyl dehydratase"                                                                             
[5] "FIG016502: iron uptake protein"   - ͤ ͔ ͙ͯͤ͊͟͡Έͤ·͚ΦΦΦ                                                          
[6] "RecD-like DNA helicase Atu2026"                                                               
[7] "RecD-like DNA helicase YrrC"                                                                  
[8] "VgrG-3 protein"    - ͤ ͔ ͙ͯͤ͊͟͡Έͤ·͚ΦΦΦ                                                                                
[9] "TRAP-type C4-dicarboxylate transport system, small permease component"                        
[10] "TRAP dicarboxylate transporter, DctM subunit, unknown substrate 5"                            
[11] "TRAP dicarboxylate transporter, DctQ subunit, unknown substrate 5"                            
[12] "TRAP transporter solute receptor, unknown substrate 5"                                        
[13] "2,4-dihydroxyhept-2-ene-1,7-dioic acid aldolase (EC 4.1.2.-)"                                 
[14] "2-hydroxyhepta-2,4-diene-1,7-dioate isomerase (EC 5.3.3.-)"                                   
[15] "2-oxo-hepta-3-ene-1,7-dioic acid hydratase (EC 4.2.-.-)"                                      
[16] "3,4-dihydroxyphenylacetate 2,3-dioxygenase (EC 1.13.11.15)"                                   
[17] "5-carboxymethyl-2-hydroxymuconate delta-isomerase (EC 5.3.3.10)"                              
[18] "5-carboxymethyl-2-hydroxymuconate semialdehyde dehydrogenase (EC 1.2.1.60)"                   
[19] "5-carboxymethyl-2-oxo-hex-3- ene-1,7-dioate decarboxylase (EC 4.1.1.68)"                      
[20] "Homoprotocatechuate degradative operon repressor"                                             
[21] "Transcriptional activator of 4-hydroxyphenylacetate 3-monooxygenase operon, XylS/AraC family" 
[22] "gliding motility protein MglA"                                                                
[23] "Cyn operon transcriptional activator"                                                         
[24] "Phage capsid scaffolding protein"                                                             
[25] "Phage tail fiber protein"                                                                     
[26] "Phage major tail tube protein"                                                                
[27] "Phage tail completion protein"                                                                
[28] "Phage tail length tape-measure protein"                                                       
[29] "Phage tail protein"                                                                           
[30] "Phage tail sheath monomer"                                                                    
[31] "ParD protein (antitoxin to ParE)"                                                             
[32] "Vanillate O-demethylase oxidoreductase (EC 1.14.13.-)"                                        
[33] "Carbon monoxide dehydrogenase large chain (EC 1.2.99.2)"                                      
[34] "Carbon monoxide dehydrogenase medium chain (EC 1.2.99.2)"                                     
[35] "Carbon monoxide dehydrogenase small chain (EC 1.2.99.2)"                                                                        
[37] "transcriptional regulator, Crp/Fnr family"    
 
 
 
 



    ˨͔͙͙ͤͭͪͺ͙͊͟ͼ͙Ύ, 
nor, nir 

ˢͦͭ͘ͺ͙ͫ͊͟ͼ͙Ύ 
nif.  

˨͔͎ͪ͊͒͊ͼ͙Ύ 
ͤ͊ͺ͔ͭ͊ͤ͊͡Σ nah 

VI type 

KOS6 ΄͊ͣ͡ + + + + 

CCUG_29243 ˹͊ͺ͙ͭ͊ͤ͡ ͔͎͒ͪΣ 
͎͊ͪ͘Φ ͣͦͪͫ͟Φ ͙ͦͫ͊͒͟Φ 

+ - + + 

ATCC_14405 ˸ͦͪͫ͊͟Ύ ͍ ͦ͒͊ + - - - 

DSM_4166 ˾͙ͦͫ͘ͺ͔ͪ· + + - - 

ATCC_17588 ˴͙͙ͤ͡;͔͙͚ͫ͟ + - - - 

A1501 ˾͙ͦͫ͘ͺ͔ͪ·  + + - - 

DSM_10701 ˽ͦ;͍͊ + - - - 

SDM_LAC ͙͙̂ͭ͊ͭͦͪ͘͡ ͊ͭ͊ͭ͊͟͡ + - - - 

T13 ˢ͙͍ͭͤ͟·͚ ͙͡ + - - - 

Tolumonas_auensis  ͦ ͔ͪ͘Φ ͔͙ͦͭͦ͗ͤ͡Ύ + + - + 

TS44 - ˭͎͊ͪΎ͔ͤͤͤ͊͘Ύ ͨͦ;͍͊ 
ͭͪ͊ͤͫͺΦ ͔͙͊ͪͫͤͭ͊ 

+ - - + 

XLDN_R - ˨͔͎ͪ͊͒-Ύ ͪ͟ ͔ͦ͊͘͡ + - - - 



ˤ·͍ͦ͒· 

¸ ˽͙͍͔͔ͪͦ͒ͤ͊͘ ͫ͋ͦͪ͊͟ ŘŜ-ƴƻǾƻ ͙ ͫ͊͟ͺͺ͙͎ͦ͒ͤ͡  
P. stutzeri KOS6 
-˶ͯ;΄͙͔ ͔͙ͨͦ͊͊ͭ͘͟͡Υ ƳŀǘŜ-pair, MIRA 

 
¸ ˽͙͍͔ͪͫͯͭͫͭͯͭ млл ͋͟ ͍͍ͫͭ͊͊͟Σ ͎͎͙ͦͣͦͦ͡;ͤ͊Ύ 
ͯ;͊ͫͭ͊ͣ͟ ͎͔͍ͤͦͣͦ ͋ ͔͙͚͊ͭͪ͟Σ ͍͔ͪͦΎͭͤͦΣ ͙ͦ͋ͭ͊Ό΅͙ͻ 
͍ ͫͻͦ͒ͤ·ͻ ͍͙ͯͫͦ͡Ύͻ 

 
¸ ˴͙ͦͣ͋ͤ͊ͼ͙Ύ ͔͚ͫͨͦ͋ͤͦͫͭ ͟ ͔͙͙͒ͤͭͪͺ͙͊͟ͼ͙͙Σ 
͊ͦͭ͘ͺ͙ͫ͊͟ͼ͙͙Σ ͔͎͒ͪ͊͒͊ͼ͙͙ ͤ͊ͺ͔ͭ͊ͤ͊͡ Ύ͍͡Ύ͔ͭͫΎ 
͙ͯͤ͊͟͡Έ͚ͤͦ ͔͙ͫͪ͒ ͎͙͒ͪͯͻ ͙͍͔ͫͭͤ͘·ͻ ΄͍ͭ͊ͣͣͦ P. 
stutzeri 
 



˸͙͙ͪͦ͋ͦͭ͊͟ ͙͟΄͔;͙ͤ͊͟ ;͔͍͔ͦ͊͟͡ 

Eckburg et al, 2005 

¸ ˸͔͎͔ͭ͊ͤͦͣ 

¸ 300-1000 ͍ ͙͍͒ͦ ͔͙͚͋͊ͭͪ͟ 

¸ ͙̉ͫͦ͡ ͔ͭͦ͟͟͡ Ϥ 1015Υ ͤ͊ 2 ͨ ͦͪΎ͒͊͟ ͪ͊͘ ͋ͦ͡Έ΄͔Σ ;͔ͣ 
͔ͭͦ͟͟͡ ;͔͍͔ͦ͊͟͡  

¸ ͙̉ͫͦ͡ ͎͔͍ͤͦ ͍ ͔͎͔͔ͣͭ͊ͤͦͣ Ϥ 106Υ ͤ͊ 2 ͨ ͦͪΎ͒͊͟ 
͋ͦ͡Έ΄͔Σ ;͔ͣ ͎͔͍ͤͦ  ;͔͍͔ͦ͊͟͡ 

¸ ̅ͯͤ͟ͼ͙͙Υ  

¸ ˸͔͙ͭ͊͋ͦͣ͘͡ 

¸ ˽͔͍ͪ͒ͦͭͪ͊΅͔͙͔ͤ ͙ͦͦͤ͊͘͟͡ͼ͙͙ ͎͔͙ͨ͊ͭͦͤ͊ͣ 

¸ ˮ͙͔ͣͣͯͤͭͭ ;͔͍͔ͦ͊͟͡ 

¸ ˭͊΅͙ͭ͊ ͦͭ ͍͙͔ͦͫͨ͊ͭ͡͡Έͤ·ͻ ͔͍͙͚͊͋ͦ͊ͤ͘͡ 

¸ ˿͍Ύ͘Έ ͫ ͍·ͫ΄͔͚ ͔͍͚ͤͪͤͦ ͔͒Ύ͔ͭ͡ΈͤͦͫͭΈΌ 

 



˾͙͚͙͚ͦͫͫͫ͟ ͔͎͔ͣͭ͊ͤͦͣͤ·͚ ͔ͨͪͦͭ͟ 

http://www.metagenome.ru  

Tyakht, A. et al. Novel human gut microbiota community structures in urban and rural 
populations in Russia. Nature Communications, 2013 (accepted). 

http://www.metagenome.ru/


˾͙͚͙͚ͦͫͫͫ͟ ͔͎͔ͣͭ͊ͤͦͣͤ·͚ ͔ͨͪͦͭ͟ 

http://www.metagenome.ru  

Tyakht, A. et al. Novel human gut microbiota community structures in urban and rural 
populations in Russia. Nature Communications, 2013 (accepted). 

...To evaluate the variation in 
the shotgun metagenomic 
composition across multiple 
sequencing platforms, we 
sequenced a subset of the 
Russian metagenomes using 
the SOLiD, Ion Torrent, 454 
and Illumina platforms.  

http://www.metagenome.ru/


ˤ·͙͍͙͔ͫͦͦͨͪͦͦ͒ͭ͘͟͡Έͤ·͚ ͍͔͚͔ͦͤͪ͟  
͒͡Ύ ͙͊ͤ͊͊͘͡ ͔͎͔ͣͭ͊ͤͦͣͤ·ͻ ͒͊ͤͤ·ͻ 

Bowtie/Bowtie2 

Velvet 

Oracle 

Samtools, BEDtools, 
Python 

R 



ˤ·͋ͦͪ ͨ͊ͭ͡ͺͦͪͣ· ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ  
͒͡Ύ ͔͎͔͎ͣͭ͊ͤͦͣͤͦͦ ͙͔͍͙ͫͫ͒ͦ͊ͤ͡Ύ 

͒
͡
͙
ͤ
͊
 

ͪ
͙
͒
ͦ
͍

 

ͤ
͔
ͦ
ͨ
ͪ
͔
͒
͔
͡
͔
ͤ
ͤ
ͦ
ͫ
ͭ
Έ

 ͨ
ͪ
͙
 
͟
͊
ͪ
ͭ
͙
ͪ
ͦ
͍
͊
ͤ
͙
͙

 

SOLiD, Illumina 
44-млл ͨͤ 

Ion Torrent 
120-нрл ͨͤ 

454 
400-500-800 ͨ ͤ

ͫ
ͭ
ͦ
͙
ͣ
ͦ
ͫ
ͭ
Έ
 
 

ͫ
͙
͟
͍
͔
ͤ
ͫ
͊

 $
/ͨ

 ͤ



˿͍͔͙͔ͪ͊ͤͤ ͍ͫͦͫͭ͊͊ ͙͎ͣͪͦ͋ͤͦͦ͟ ͫͦͦ͋΅͔͍ͫͭ͊Σ ͨͦͯ͡;͔͎ͤͤͦͦ 
ͤ͊ ͪ͊ͤ͘·ͻ ͨ͊ͭ͡ͺͦͪͣ͊ͻ 

IT 

IT 

S 

S 

I 

˽͙͙ͪͤ͊͘͟Υ ͍͚ͪͦ͒ͦͦ ͍ͫͦͫͭ͊ 
˸͔͙ͭͪ͊͟ ͫͻ͍ͦ͒ͫͭ͊Υ ͔ͦͪͪ͟͡Ύͼ͙Ύ ˿͙͔ͨͪͣͤ͊ 
˨͡Ύ ͎ͦ͒ͤͦͦ ͦ͋ͪ͊͘ͼ͊Υ л,95 ҕ 0,03 
˸͔͗͒ͯ ͦ͋ͪ͊͘ͼ͙͊ͣΥ лΣтп ҕ 0,10 
˨͍͔ͦͫͭͦͪͤͦͫͭΈ ͙ͪ͊͘͡;͙ΎΥ ͔ͭͫͭ·  
 ˸͊ͤͤ͊-͙͙̂ͭͤ, P < 0,01 



˿͍͔͙͔ͪ͊ͤͤ ͍ͫͦͫͭ͊͊ ͙͎ͣͪͦ͋ͤͦͦ͟ ͫͦͦ͋΅͔͍ͫͭ͊Σ ͨͦͯ͡;͔͎ͤͤͦͦ 
ͤ͊ ͪ͊ͤ͘·ͻ ͨ͊ͭ͡ͺͦͪͣ͊ͻ 

IT 

IT 

S 

S 

S 

S 

S 
S 

S 

I 
I 

I 

I 

I 
I 

˽͙͙ͪͤ͊͘͟Υ ͍͚ͪͦ͒ͦͦ ͍ͫͦͫͭ͊ 
˸͔͙ͭͪ͊͟ ͫͻ͍ͦ͒ͫͭ͊Υ ͔ͦͪͪ͟͡Ύͼ͙Ύ ˿͙͔ͨͪͣͤ͊ 
˨͡Ύ ͎ͦ͒ͤͦͦ ͦ͋ͪ͊͘ͼ͊Υ л,95 ҕ 0,03 
˸͔͗͒ͯ ͦ͋ͪ͊͘ͼ͙͊ͣΥ лΣтп ҕ 0,10 
˨͍͔ͦͫͭͦͪͤͦͫͭΈ ͙ͪ͊͘͡;͙ΎΥ ͔ͭͫͭ·  
 ˸͊ͤͤ͊-͙͙̂ͭͤ, P < 0,01 



˾͊ͤ͘·͔ ͙͒ͤ͊͡ ͙͍ͪ͒ͦ ͤ͊ Ion Torrent 

¸ Ion Torrent 

¸ мнл ͨͤ 

¸ нрл ͨͤ 

¸ Solid ς 50 ͨ  ͤ 

 

¸ ˴͔ͦͪͪ͡Ύͼ͙ΎΥ 0.95 ҕ 0.02 s.d. 



͍̅ͦͤͦ͊Ύ ͔ͦͪͪ͟͡Ύͼ͙Ύ 



̅͊ͭͦͪ͟· ͍͙͔͊ͪ͊͋͡Έ͙ͤͦͫͭ ͙͙͎ͣͪͦ͋ͦͭͤͦͦ͟ ͨͪͦͺ͙͙͍͙ͪͦ͊ͤ͡ΎΥ 
͍͔͔ͪͣͤͤ͊Ύ ͍͙͊ͪ͊ͼ͙Ύ > ͣ ͔ͭͦ͒ ͎͍͙ͨͪͦ͋ͦͨͦ͒ͦͭͦ͟ > ͨ ͊ͭ͡ͺͦͪͣ͊ 



ˢ͙ͤ͊͘͡ ͙͎ͣͪͦ͋ͤͦͦ͟ ͍ͫͦͫͭ͊͊ ͨͦ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ό 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ 16S ͪ ˾˹˴ 

Åˤ͙͍͙͍͔ͤͯͭͪ͒ͦͦ ͫͻ͍ͦ͒ͫͭͦ ͙͍͔ͫͤͫ͊͟ 
98-99% 

Åˤ·͔͒͡Ύ͔ͭͫΎ ͙͘ ͭͦͭ͊͡Έ͎ͤͦͦ ˨˹˴ ͫ  
ͨͦͣͦ΅ΈΌ ͙͍͔ͯͤͪͫ͊͡Έͤ·ͻ ͚͔͍ͨͪ͊ͣͪͦ 

Å˿͔͍͔͙͔ͤͪͯͭͫ͟Ύ ͼ͔͙ͦͣ͟͡ ͙͋ͦ͡  
͍͙͔͊ͪ͊͋͡Έͤ·͔ ͙ͦ͋͊ͫͭ͡ 
ï ˨͡Ύ ͙͙ͣͪͦ͋ͦͭ͟· ͟ ͙΄͔;͙ͤ͊͟Υ  
ͫͭ͊ͤ͒͊ͪͭͤ·͚ ͨͪͦͭͦͦ͟͡ Human Microbiome Project 
(http://www.hmpdacc.org) ͒͡Ύ V13, V35 

Å˨͡Ύ Ή͙ͯ͊ͪͦͭ͟ ς ͣ ͦ͗ͤͦ ͙ͫͨͦ͡Έ͍ͦ͊ͭ͘Έ  
18S ͪ ˾˹˴. 



˽͔͙ͪͣͯ΅͔͍ͫͭ͊ мсS ͅ ͦͪͣ͊ͭ͊ 

Å̏ ͺͺ͔͙͍ͭͤͦͫͭ͟ΈΣ ͨͦͭͦ;ͤ·͚ ͙͊ͤ͊͘͡ 

Å˿ ͔͍͔͙͍͙͔ͤͪͦ͊ͤ͟ ͙͘ ͎ͣ͊ͦͦ͡ ͙ͦ͟͡;͔͍ͫͭ͊ 
͔͙͋͊ͭͪ͊͟͡Έ͚ͤͦ ˨˹˴ ό͙͋ͦͨͭ͊ͭ ͭ ͔͚͊ͤ͟ 
;͔͍͔ͦ͊͟͡Σ ͣͦͪͦͭ͊͟ύ 

Å˨ ͔͔ͭ͟ͼ͙Ύ ͋ ͔͙͊ͭͪ͊͟͡Έ͎ͤͦͦ ͔͙͊ͪ͊͗ͤ͘Ύ ͔͒͊͗ 
͙ͨͪ ͙͚ͤͦ͘͟ ͎͙͔ͯ͋ͤ͡ ͨͦͪ͟·͙ͭΎ 



Ion torrent 16S 



 

˽͙͔ͪͣͪΥ ˤ͙͡Ύ͙͔ͤ ͔ͫͪ͒· ͤ͊ ͙͙ͣͪͦ͋ͦͭͯ͟Φ ˾͙͙͊͋ͦͭͤ͟ ͍͔͎ͪ͒ͤͦͦ ͙͍͍ͨͪͦͦ͒ͫͭ͊͘ όn=13), QIIME+R 



˽͔͊ͭ͟ R: ͫ ͍͔͙͔ͪ͊ͤͤ ͫ ͍͔ͤ΄͔͚ͤ ͦͤͭͪͦ͟͡Έ͚ͤͦ ͎͚ͪͯͨͨͦ όTurnbaugh et al, 2010, 154 ͦ͋ ͪ͊͘ͼ͊ύ 

Streptococcus, 
Enterococcus, 
Weisella, 
etc. 



 



SNP variations in the metagenome 

Data:  139 (USA), 110 (Europe) 
metagenomic samples 

Distance measure: fixation index and 
nucleotide diversity 

Results: 

Å Individual-specific variation patterns 
are stable over time 

Å Absence of clear continental 
stratification apart from small 
number of species. 

From Schloissnig et al., Nature 2012 

Temporal stability of genomic variation patterns. 



Our method of study of metagenome 
genetic variety 

G2 

G3 

Gn 

G1 

ȣ 

C T A G G A A - - - C A A T C G - - - 

C T A C G T A G T T C A T T C G C T A 

- - -  G G T A GT- C A A T C G C - - 

Ref. 

Sample 1 

Sample 2 

G2 G2 

Sample 1 Sample 2 

ǘǿƻ άƳŀƧƻǊέ ǎŜǉǳŜƴŎŜǎ 

Metagenomic sample Set of reads Set of gut bacterial genomes 



Sources of nucleotide differences in 
metagenomes 

Å True SNPs 

Å Mapped reads from other bacterial genome 

Å Errors of sequencing 

 So the main problem was proper choice of coverage, allele sharing and 
allele support thresholds ǘƻ ƎŜƴŜǊŀǘŜ άƳŀƧƻǊέ ǎŜǉǳŜƴŎŜ ŦƻǊ ŜŀŎƘ ǎŀƳǇƭŜΦ Lƴ 
our opinion, distance between such major sequences is more robust 
characteristic than fixation index. 

 

 

 

 

 

 

 

      A G                             T     
   T A G G T                      T T   
   T A G G T                  A A T C 
C T A G G T A           C A A T C 
C T A G G T A G       C A A T C T 
C T A C G T A G T T C A T T C G C T A 
1 2 3 4 5 6 7 8 9 19 10 é C T A G G T A G - - C A A T C G - - - 

,˞ ̐ ̜̏̋̑̓̉̆ 
̗̐̏̈̉̉̉ 

possible polymorphisms 



Data 

Host country 
Source of the 

data 

Number of 

samles 

Number of 

individuals 

Sequencing 

platform 

USA HMP 138 

50 (sampled once) 

41 (sampled twice) 

2 (sampled tree 

times) 

Illumina 

Denmark MetaHit  84  84 Illumina 

China BGI-Shenzhen 100 
 50 (type 2 diabet) 

44 (healthy) 
Illumina 

Russia RIPCM 20  20 SOLiD 

Total: 342 gut matagenome samples of individuals from 4 countries. 

Metagenome reads have been mapped on the catalog of 444 bacterial genomes 
 
We have chosen 93 bacterial genomes that have abundance level greater than 1% 
at least in 50 individuals. 



Result 

 

 

 

 

 

 
 

 

Example: Faecalibacterium prausnitzii A2-165 



Consistency of results 

On the heatmap we can see dense clusters of different strains of the same 
bacterial species: 

Å Faecalibacterium prausnitzii (4strains) 

Å Bifidobacterium adolescentis (2 strains. 

Å Bacteroides vulgatus (2 strains.) 

       ΧŀƴŘ ǎƻƳŜ ƻǘƘŜǊǎ 

Similarity measure: 

-  Mantel test Spearman 
correlation between distance matrices 



Dependence on sequencing platform 

²ŜΩǾŜ ǎŜǉǳŜƴŎŜŘ р metagenomic samples on different platforms. 



Stratification patterns of different bacterial 
species  

Absence of any stratification Geographic factor Non-geographic factor 

MDS-projections of distance matrices of different bacterial species. 



DŜƻƎǊŀǇƘƛŎ ǎǘǊŀǘƛŦƛŎŀǘƛƻƴ ƛƴ ŘƛŦŦŜǊŜƴǘ άŘƛǊŜŎǘƛƻƴǎέ 

 

Circle means the number of bacterial species with significant difference in Wilcoxon test in 
 ǇŀǊǘƛŎǳƭŀǊ άŘƛǊŜŎǘƛƻƴέ όƛƴǘŜǊ-country) 
Total number of tested bacterial species: 65.  



άHeterogenityέ ƻŦ ǾŀǊƛŀōƭŜ ǎƛǘŜǎ ƛƴ ǎŀƳǇƭŜǎ 

Ås 

N
u

m
b

e
r 
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f 
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In each variable site of all samples we have 
ƳŜŀǎǳǊŜŘ άǊŜŎŜǎǎƛǾŜέ ŀƭƭŜƭŜ ŦǊŀŎǘƛƻƴΦ 
 
Variable site means that it differs from reference  
at least N of M samples. 
 
²ŜΩǾŜ ǳǎŜŘ ŘƛŦŦŜǊŜƴǘ ǘƘǊŜǎƘƻƭŘǎΥ ϑbΣ aϒ 

Is it a manifestation of co-existence subpopulation of same bacterial species 
 in the same organism? 
 



Polymorphism-level difference is connected with 
gene composition  difference between samples 



Correlation between coverage profiles of 
different samples of same species 

 

 

 

 

 

 

 

²Ŝ ƘŀǾŜ ŎƘƻǎŜƴ ǎŀƳǇƭŜǎ ǿƛǘƘ ŎƻǾŜǊŀƎŜ җ р. Then  



˾͊ͪ͊͋ͦͭ͊͘͟ ͔ͣͭͦ͒͊ ͙͍͙͊ͪͭͪͦ͊ͤ͟Ύ 
͚͍ͫ͊ͭͦ ͙͙ͤͼ͙͊ͼ͙͙ ͙ͭͪ͊ͤͫͪͨ͟ͼ͙͙ ͫ 
ͨͦͣͦ΅ΈΌ ͔ͭͻ͎͙͙ͤͦͦ͡ ͔͍͔͙͍͙ͫͤͪͦ͊ͤ͟Ύ 
͍͎ͭͦͪͦͦ ͔͙ͨͦͦͤ͟͡Ύ ͤ͊ ͙͔͔ͨͪͣͪ 

Mycoplasma gallisepticum  

͙͍̅ͫͯͤͦ ˥Φ̑ΦΣ ˥ͦͪ͋͊;͖͍ ˢΦ̑ΦΣ 
˿͔ͣ͊΄ͦ͟ ́ΦˢΦΣ ˸͙͊ͤ͘ ˽ΦˤΦ  



˭͊;͔ͣ ͙ͫ͊ͭ͟Έ ͚ͫ͊ͭ· ͙͙ͤͼ͙͊ͼ͙͙ 
͙ͭͪ͊ͤͫͪͨ͟ͼ͙͙ 

Å˽ ͙ͦͫ͟ ͚͍ͫ͊ͭͦ ͍ͫΎ͘·͍͙͊ͤΎ 
͙ͭͪ͊ͤͫͪͨ͟ͼ͙ͦͤͤ·ͻ ͺ͍͊ͭͦͪͦ͟ 



͔́ͻ͎͙ͤͦͦ͡;͔ͫ͊͟Ύ ͔ͨͪͦ͋ͣ͊͡ 

ORF 

˽ͦͪ͟·͙͔ͭ ͙ͨͪ ͫͭ͊ͤ͒͊ͪͭͤͦͣ ͙͎͍͔͙͙ͨͪͦͭͦͤ͡ ͙͙͔͙͋͋ͦͭ͟͡ 

ͣ˾˹˴ ͔ͨͦͫ͡ ͺ͎͔ͪ͊ͣͤͭ͊ͼ͙͙ 



ˮ͔͒Ύ ͔ͣͭͦ͒͊ 

ORF 

˽ͦͪ͟·͙͔ͭ ͙ͨͪ ͫͭ͊ͤ͒͊ͪͭͤͦͣ ͙͎͍͔͙͙ͨͪͦͭͦͤ͡ ͙͙͔͙͋͋ͦͭ͟͡ 

˽ͦͪ͟·͙͔ͭ р`-͎ͦ͋ͦ͊΅͖͚ͤͤͦ ͙͙͔͙͋͋ͦͭ͟͡ 



mRNA 

rRNA + tRNA 

5  ̀ 3  ̀

͎̊͊ м - ͅ ͎͔ͪ͊ͣͤͭ͊ͼ͙Ύ 

Ґ ̅ͦͫͺ͊ͭ 

5`-ͦͤ͟ͼ͔͍͚ͦ ͺ͎͔ͪ͊ͣͤͭ 



͎̊͊ 2 ς ͦ ͎͋ͦ͊΅͔͙͔ͤ 5`-
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΎ͙ͣ 

˽ͦ;͙ͤ͊͟ ͦͤ͟ͼ͍ͦ ˻͋ͪ͊͋ͦͭ͊͟ р`-ͺͦͫͺ͊ͭ-
͍͙͙͚͊ͫͣͦ͘ ͔͚ͤͯ͊ͦ͘͟͡ 

Ґ ̅ͦͫͺ͊ͭ 



͎̊͊ о ς ͫ ͤΎ͙͔ͭ ͊͘΅͙͚ͭͤͦ ͎ͪͯͨͨ· ͙ 
͙͎͙͍͙͔ͪͦ͊ͤ͡ ͔͍͊͒͊ͨͭͪͦ 

Ґ ̅ͦͫͺ͊ͭ 

˿͙͔ͤͭ͘ ͟˨˹˴ ͙ 
͙ͤͦͪͣ͊͊͘͡ͼ͙Ύ 
͙͙͔͙͋͋ͦͭ͟͡ 



͎̊͊ п - ͫ ͔͍͔͙͍͙͔ͤͪͦ͊ͤ͟ 



͎̊͊ 5 ς ͊ ͙ͤ͊͘͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 

͙̅͡Έͭͪ͊ͼ͙Ύ ΄ͯͣ͊ 

ORF 

ˤ͔ͫ͊ ́ˢ́ˢ-͍͋ͦͫͦ͟Σ 
͔ͪ͊ͫͨͦͦ͗ͤͤ͡·ͻ ͍ 
ͪ͊ͤ͘·ͻ ͙ͨͦ͘ͼ͙Ύͻ 
͙͔ͦͭͤͦͫͭ͡Έͤͦ ͫͭ͊ͪͭ͊ 



͎̊͊ р ς ͊ ͙ͤ͊͘͡ ͔ͪͯ͘͡Έ͍ͭ͊ͭͦ 
˽͍͔ͪͦͪ͊͟ ͨͦ ͙ͤ͊͡;͙Ό ͔ͫͭͯͨͤΈ͙͟ ͍ ͨͦͪ͟·͙͙ͭ 

ORF 



˽ͦͪ͟·͙͔ͭ ͨͦ Ҍ ͼ͔͙ͨ 

˽ͦͪ͟·͙͔ͭ ͨͦ Ҍ ͼ͔͙ͨ ͫ ͎ͦ͋ͦ͊΅͔͙͔ͤͣ р`- ͟ ͦͤͼ͙͊ͣ 

˽ͦͪ͟·͙͔ͭ ͨͦ - ͼ͔͙ͨ 



˾͔ͯ͘͡Έͭ͊ͭ· ς ͟ ͊͟ ͫͦͦͭͤͦͫΎͭͫΎ ͫͭ͊ͪͭ· 
͙ͭͪ͊ͤͫͪͨ͟ͼ͙͙ όTSSύ ͙ ORF ό͙͒ͤ͊͡ 5 -̀UTR) 

TSS ͍  ͔͔ͫͪ͒ͤͣ 
͎͔ͪ͊ͫͨͦ͊͊ͭͫ͡Ύ ͦͭ л ͒ͦ -50 
bp ͦ ͭ ͫͭ͊ͪͭ͊ ͙ͪ͊ͣ͟ 



˾͔ͯ͘͡Έͭ͊ͭ· 

́ˢ́ˢ-͋ͦͫ͟ ͙ͫͭͦͭ 
ͤ͊ ͙ͨͦ͘ͼ͙͙ -12 
ͦͭ ͫͭ͊ͪͭ͊ 
͙ͭͪ͊ͤͫͪͨ͟ͼ͙͙ 

ˤ͔͎ͫͦ ͙͔͙͒ͤͭͺ͙ͼ͙͍ͪͦ͊ͤͦ улт TSS 
200 TSS ͙ ͔ͣΌͭ ́ˢ́ˢ-͋ͦͫ͟Σ ͫͭͦΎͭ ͍͙͙͋͘͡ ͙ͪ͊ͣ͟ ͙ ͙͔ͣΌͭ ͔ͫͭͯͨͤΈͯ͟ 
͍ ͨͦͪ͟·͙͙ͭ 



17 bp 

UP-element -35 -10 Ext Dis 

˿ͭͪͯͭͯͪ͊͟ ͙͔͎ͣͦͨ͊ͣͤͤͦͦ͘͟͡ ͨͪͦͣͦͭͦͪ͊ 

TRTGN 

ͪ˾˹˴Ҍͭ˾˹˴ 
(17) 

RPKM>1000 
(44) 

(200) 

GCGC TTGACA 



˿͔͙͔ͭͪͦͤ ͙͔͎ͣͦͨ͊ͣͤͤͦͦ͘͟͡ ͙͎ͫͣ͊-
ͺ͊ͭͦͪ͊͟ 

B. subtilis 

M. gallisepticum 

-35-box -10-box Dis Ext 



ˤ·͍ͦ͒· 

Å˸ ͔ͭͦ͒ ͔ͪ͊͋ͦͭͦͫͨͦͫͦ͋ͤ 

Å˴ ͡Ό;͔͍·͔ Ή͔͔ͣͤͭ͡· ͙͔͎ͣͦͨ͊ͣͤͤͦͦ͘͟͡ 
ͨͪͦͣͦͭͦͪ͊ ς ́ ˢ́ˢ-͋ͦͫ͟ ͙ Ext-Ή͔͔ͣͤͭ͡ 

ï˴ ͔ͦͤͫͤͫͯͫ - WWWTTRTGNTAWAATWWW 

Å˴ ͔͍͙͍ͦͤͫͪ͊ͭͤ·͚ -ор Ή͔͔ͣͤͭ͡ ͍͔ͦͭͫͯͭͫͭͯͭ 

Å˨ ͙ͤ͊͡ 5 -̀UTR ͨ ͦͪΎ͒͊͟ рл bp 
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Number of publications 

2002 ς ˹ ˮˮ ̅̆˸ 

˻ͭͪ͟·͙͔ͭ ͔͙͙͋͊ͭͪ͟ 
J Robin Warren, Barry Marshall  ˹͔͔͍ͦ͋ͫ͊͟͡Ύ ͔͙ͨͪͣΎ 

1997 ς H.pylory ͎ ͔ͤͦͣ 

biology  

http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=J+Robin Warren
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=J+Robin Warren
http://www.thelancet.com/search/results?fieldName=Authors&searchTerm=Barry+Marshall


Micro and macro heterogenity 
Helicobacter pylori 

3186 genes in 31 strain  
having 1051 shared gene 

Phylogeny based on different genes 


