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