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- s ͎͙ͦͪͭͣ͡ ˹͙͒ͣ͊ͤ͊͡-ˤͯͤ΄͊ όмфтлύ ͒͡Ύ ͎ͦ͋͊͡͡Έ͎ͤͦͦ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

- s ͎͙ͦͪͭͣ͡ ˿͙ͣͭ͊-͔̂ͦͭͪͣ͊ͤ͊ όмфумύ ͒͡Ύ ͦ͊͟͡͡Έ͎ͤͦͦ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

˾͊ͫ;͔ͭ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ ͍͒ͯͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ 

2 



˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

4 

SEQUENCE   1 VLSAADKTNVKAAWSKVGGHAGEYGAEALERMFLGFPTTKTYFPHFDLSH   50 

             |||.||||||||||.|||.|||||||||||||||.|||||||||||||||  

SEQUENCE   1 VLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSH   50 

 

SEQUENCE  51 GSAQVKAHGKKVADGLTLAVGHLDDLPGALSDLSNLHAHKLRVDPVNFKL  100  

             ||||||.|||||||.||.||.|:||:|.|||.||:|||||||||||||||  

SEQUENCE  51 GSAQVKGHGKKVADALTNAVAHVDDMPNALSALSDLHAHKLRVDPVNFKL  100  

 

SEQUENCE 101 LSHCLLSTLAVHLPNDFTPAVHASLDKFLSSVSTVLTSKYR  141  

             ||||||.|||.|||.:|||||||||||||:|||||||||||  

SEQUENCE 101 LSHCLLVTLAAHLPAEFTPAVHASLDKFLASVSTVLTSKYR  141  

 

# Matrix: EBLOSUM62  

# Gap_penalty : 10.0  

# Extend_penalty : 0.5  

# 

# Length: 141  

# Identity:     123/141 (87.2%)  

# Similarity:   128/141 (90.8%)  

# Gaps:           0/141 ( 0.0%)  

˹͊ͫͦ͟͡Έͦ͟ ͤ͊͘;͙ͣͦ ͨͦͯ͡;͔͔ͤͤͦ ͍·͍͙͍͙͔ͪ͊ͤ͊ͤΚ 

ˮ͔͔ͣͭ ͙͡ ͦͤͦ ͙͎͙͋ͦͦ͡;͔͙͚ͫ͟ ͫͣ·ͫ͡ ͙͙͡ ͍ͦ͋ͪ͊ͦ͊ͦͫ͘͡Έ ͫͯ͡;͚͊ͤͦΚ 



˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

5 

SEQUENCE   1 - VLSEGEWQLVLHVWAKVEADVAGHGQDILIRLFKSHPETLEKFDRFKHL    49 

              .|:|.:..||...|.:..|::..|.....|.:.:..|...   |.|..|  

SEQUENCE   1 GALTESQAALVKSSWEEFNANIPKHTHRFFILVLEIAPAAK--- DLFSFL    47 

 

SEQUENCE  50 KTEAEM- KASEDLKKHGVTV---------- LTALGAILKKKGHHEAELKP    88 

             |..:|: :.:.:|:.|...|          |...|.::.     :|.||.  

SEQUENCE  48 KGTSEVPQNNPELQAHAGKVFKLVYEAAIQLEVTGVVVT----- DATLKN    92 

 

SEQUENCE  89 LAQSHATKHKIPIKYLEFISEAIIHVLHSRHPGDFGADAQGAMNKALELF   138  

             |...|.:| .:...:...:.|||:..:..    ..||.....:|.|..:.  

SEQUENCE  93 LGSVHVSK- GVADAHFPVVKEAILKTIKE---- VVGAKWSEELNSAWTIA    137  

 

SEQUENCE 139 RKDIAAKY- KELGYQG   153  

             ..::|... ||:....  

SEQUENCE 138 YDELAIVIKKEMDDAA   153  

 

# Matrix: EBLOSUM 62 

# Gap_penalty : 10.0  

# Extend_penalty : 0.5  

# 

# Length: 166  

# Identity:      35/166 (21.1%)  

# Similarity:    62/166 (37.3%)  

# Gaps:          26/166 (15.7%)  



6 

˴͊΄͊ͦͭ͡     ˶Ό͙ͨͤ   

 

 

˽͔͙͚ͦͫ͒ͤ͡ ͦ͋΅͙͚ ͔ͨͪ͒ͦ͟ ͙͗͡ ͦͦͦ͟͡ м ͣͪ͒͡ ͡ ͔ͭ ͤ͊͊͒͘! 

 

̉ͭͦ ͦ͋΅͔͎ͦ ͔ͣ͗͒ͯ ͙͙ͤͣ ͔͚ͫ;͊ͫ? 

˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 



˸͙͎͙ͦͦ͋ͤ͡ ͊͟΄͊ͦͭ͊͡ όмmbn, 1969)              ˶ ͔͎͎͔͎͙ͣͦͦ͋ͤ͡ ͡Ό͙ͨͤ͊ όмgdj, 1995) όˮ˴ ˾ˢ˹ύ 

 
7 

˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 



8 

͙͎͙ͣͦͦ͋ͤ͡ ͊͟΄͊ͦͭ͊͡ ͙ ͔͎͎͔͎͙ͣͦͦ͋ͤ͡͡ ͡Ό͙ͨͤ͊ 

ˮ͔͙͒ͤͭ;ͤͦͫͭΈ м8҈ϝΣ ͤͦ ͍ͪͦ͒ͫͭͦ ͍͔͔ͨͦ͒ͭͪ͗͒͊ͭͫΎ ͫͻ͍ͦ͒ͫͭͦͣ ͫͭͪͯͭͯͪ͟· ͙ ͺͯͤ͟ͼ͙͙ 

˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 



͔̏ͫͨͪͫͫ͟-͔ͣͭͦ͒· ͫ ͍͔͙ͪ͊ͤͤΎ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ. 
FASTA 

ˢ͎͙ͦͪͭͣ͡: 

- ˽͙ͦͫ͟ ͙͔͙͒ͤͭ;ͤ·ͻ -͍͔͋ͯͤͤ͟͟·ͻ ͫ ͍ͦ͡ όk = 2 ͒ ͡Ύ ͔͍͋ͦ͟͡Σ п-с ͒͡Ύ ͔͙͍ͤͯͦͭ͒ͦ͟͡Σ м ͒͡Ύ 

͙ͦͪͦͭ͟͟ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ) ͔ͣ͗͒ͯ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΎ͙ͣΤ 

10 

FASTA  (Lipman and Pearson, 1985, Pearson and Lipman, 1988) ͨ ͔ͪ͒ͤ͊ͤ͊͘;͔ͤ ͒͡Ύ 
͍͔͙ͫͪ͊ͤͤΎ ͍ͤͦ·ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͫ ͔ͯ͗ ͔ͫͦ͒ͪ͗͊΅͙͙ͣͫΎ ͍ ͋͊͊͘ͻ ͒͊ͤͤ·ͻΦ  

- ˾͊ͫ΄͙͔͙͔ͪͤ ͭͦ;͔͟ ͙͔͙͒ͤͭ;͙ͤͦͫͭ ͒ͦ ͔͚ͦ͋͊ͫͭ͡ 

ͫͻ͍ͦ͒ͫͭ͊ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ ͙ͣ͊ͭͪͼ ͔͊ͣͤ͘ 

(BLOSUM50 ͒ ͡Ύ ͔͍͋ͦ͟͡Σ ͔͙͙͒ͤ;ͤ͊Ύ ͒ ͡Ύ 

͔͙͍ͤͯͦͭ͒ͦ͟͡ύΤ 

- ˽͔͔ͪͦͼ͔ͤ͊͟ ͍·Ύ͍͔ͤͤ͡·ͻ ͔͚ͦ͋͊ͫͭ͡ ͫͻ͍ͦ͒ͫͭ͊ ͫ 

ͨͦͣͦ΅ΈΌ ͼ͔͔͍͚ͦ͡ ͙ͣ͊ͭͪͼ· ͔͊ͣͤ͘Σ ͔͔͔͙͔ͦͨͪ͒ͤ͡ 

мл ͔͚ͦ͋͊ͫͭ͡ ͫ ͙ͣ͊ͫͣ͊͟͡Έ͚ͤͦ ͦͼ͔͚ͤͦ͟Τ 

- ˽͔͔ͪ͋ͦͪ ͍ͦͣͦ͗ͤ͘·ͻ ͍͙͍͊ͪ͊ͤͭͦ ͔͙ͨͦͫͭͪͦͤΎ 

͍·͍͙͍͙ͪ͊ͤ͊ͤΎ ͫ ͙ͫͨͦ͡Έ͍͙͔ͦ͊ͤͣ͘ Ή͙ͭͻ ͔͚ͦ͋͊ͫͭ͡ 

͙ ͍·͋ͦͪ ͙ͦͨͭͣ͊͡Έ͎ͤͦͦ ͫ ͯ;͖ͭͦͣ ͦͼ͔ͤͦ͟ 

͔͚ͦ͋͊ͫͭ͡ ͙ ΄ͭͪ͊ͺ͍ͦ ͊͘ ͍͍͙ͫͭ͊͟Τ 



FASTA  ͙  FASTQ  ͅ ͦͪͣ͊ͭ· 

13 

ˮͫͻͦ͒ͤͦ ς ͅ ͦͪͣ͊ͭ ͔͍͔͙ͨͪ͒ͫͭ͊ͤ͡Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͒͡Ύ ͎ͨͪͦͪ͊ͣͣ· FASTA.  

>sp|P69905|HBA_HUMAN Hemoglobin subunit alpha OS=Homo sapiens é 

MVLSPADKTNVKAAWGKVGAHAGEYGAEALERMFLSFPTTKTYFPHFDLSHGSAQVKGHG 

KKVADALTNAVAHVDDMPNALSALSDLHAHKLRé 

@SEQ_ID 

GATTTGGGGTTCAAAGCAGTATCGATCAAATAGTAAATCCATTTGTTCAACTCACAGTTT 

+ 

!''*((((***+))%%%++)(%%%%).1*** - +*''))**55CCF>>>>>>CCCCCCC65  

!"#$%&'()*+, - ./0123456789:;<=>?@ABCDEFGHIJKLMNOP  

QRSTUVWXYZ[\ ]^_` abcdefghijklmnopqrstuvwxyz {|}~  

˴͊;͔͍ͫͭͦ ͨͪͦ;͔͙ͭͤΎ                                      , ͎ ͔͒ e ς ͍ ͔ͪͦΎͭͤͦͫͭΈ ͦ΄͙͋ͦ;͎ͤͦͦ ͨ ͪͦ;͔͙ͭͤΎ 
 

94 ͎ ͪ͊͒͊ͼ͙͙ ͍ ͺ͔ͦͪͣ͊ͭ ASCII: 

FASTQ  - ͦ ͋ͦ͋΅͔͙͔ͤ ͺͦͪͣ͊ͭ͊ FASTA.  



American Standard Code for Information Interchange (1967 - 2007) 

14 

128 ͫ ͙͍͍ͣͦͦ͡ (256 = 2^8 ͍  ͪ͊ͫ΄͙͔͚ͪͤͤͦ ͍͔͙͙ͪͫ), ͭ ͊͟ ;ͭͦ ͒͡Ύ ͙͍͙ͦ͒ͪͦ͊ͤ͟Ύ 
͔ͤͦ͋ͻ͙ͦ͒ͣ 1 ͋ ͚͊ͭ ͤ  ͊1 ͫ ͙͍ͣͦ͡ (ͦͣ͊ͤ͒ͯ͟ ͙͙͡ ͤ͊͘͟). 
 
˴͙͍ͦ͒ͪͦ͊͟ ASCII ͘ ͔͔͊ͣͤͤ͊ ͤ͊ Unicode (͍  ͤ͊ͫͭͦΎ΅͔͔ ͍͔ͪͣΎ ͔͙ͫͦ͒ͪ͗ͭ 137 439 
͙͍͍ͫͣͦͦ͡Σ ͦͻ͍͊ͭ·͍͊Ό΅͙ͻ 146 ͫ ͍͔͔ͦͪͣͤͤ·ͻ ͙ ͙͙ͫͭͦͪ;͔͙ͫ͟ͻ ΄͙ͪͺ͍ͭͦ, 
͔͙ͣ͊ͭͣ͊ͭ;͔͙͔ͫ͟ ͙͍ͫͣͦ͡·Σ Ή͙ͣͦͭͦͤ͟· ͙ ͭΦ͒.) 



ASCII art 
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____________888888__________  

___8888___88888888__8888____  

__888888_8888888888_888888__  

__888888888888888888888888__  

__888888888888888888888888__  

___8888888888888888888888___  

____88888888888888888888____  

______8888888888888888______  

________888888888888________  

______________**____________  

___####______**______####___  

_#######____**____#######___  

__#######___**___#######____  

____######__**__######______  

_______#####**_#####________  

********************************************  

***                                      ***  

***             FoldX 4 (c)              ***  

***                                      ***  

***     code by the FoldX Consortium     ***  

***                                      ***  

***     Jesper Borg, Frederic Rousseau   ***  

***    Joost Schymkowitz, Luis Serrano   ***  

***    Peter Vanhee, Erik Verschueren    ***  

***     Lies Baeten, Javier Delgado      ***  

***       and Francois Stricher          ***  

*** and any other of the 9! permutations ***  

***   based on an original concept by    ***  

***   Raphael Guerois and Luis Serrano   ***  

********************************************  



͔̏ͫͨͪͫͫ͟-͔ͣͭͦ͒· ͫ ͍͔͙ͪ͊ͤͤΎ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ. 
BLAST 

ˢ͎͙ͦͪͭͣ͡: 

- ͔͙͔̂͒͊ͤ͡ ͙ͣ͊ͦͤ͡ͺ͙͍ͦͪͣ͊ͭͤ·ͻ ͯ;͍͊ͫͭͦ͟ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ό͍ͨͦͭͦͪ· ͙ ͭΦͨΦύΤ 

- ˿͍͔͙͔ͦͫͭ͊ͤ͡ ͙ͫͨͫ͊͟ -͍͔͋ͯͤͤ͟͟·ͻ ͫ ͍ͦ͡ (K-tuple), 

͙͍ͨͪͫͯͭͫͭͯΌ΅͙ͻ ͍ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͊ͨͪͦͫ͊͘Τ 

- ˿͍͔͙͔ͦͨͦͫͭ͊ͤ͡ Ή͙ͭͻ ͍ͫͦ͡ ͫͦ ͍͔͙ͫͣ ͍ͦͣͦ͗ͤ͘·͙ͣ 

͍͙ͫͦ͊ͣ͡ ͙͒ͤ͡·  ͙͟  ͦͼ͔ͤ͊͟ ͫͻ͍ͦ͒ͫͭ͊Τ ͦͭ͋ͦͪ ͍ͫͦ͡ ͫ 

ͦͼ͔͚ͤͦ͟Σ ͔͍ͨͪ·΄͊Ό΅͔͚ ͎͍ͨͦͪͦͦͯΌ ό͙͔ͤ͊ͨͪͣͪΣ ͒͡Ύ 

͍ͫͦ͊͡ PQG ͫ ͻͦ͒ͤ·͙ͣ ͋ͯ͒ͯͭ PNG, PEG ͙ PDG, ͤ ͦ ͔ͤ PQW) 

17 

BLAST - Basic Local Alignment Search Tool (Altschul  et al.,1990) ͨ ͔ͪ͒ͤ͊ͤ͊͘;͔ͤ ͒͡Ύ 

͍͔͙ͫͪ͊ͤͤΎ ͍ͤͦ·ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͫ ͔ͯ͗ ͔ͫͦ͒ͪ͗͊΅͙͙ͣͫΎ ͍ ͋͊͊͘ͻ ͒͊ͤͤ·ͻΦ  

-  ˿ ͙͍͙͔͊ͤͪͦ͊ͤ͟ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͙͘ ˣ˨ ͙  ͙ͨͦͫ͟ ͍ ͔͚ͤ ͍ͫͦ͡ 

c ͍ ·͚ͫͦͦ͟ ͦͼ͔͚ͤͦ͟Σ ͨͦͯ͡;͔ͤͤ·ͻ ͤ͊ ͔ͨͪ͒·͒ͯ΅͔ͣ ΄͎͔͊Τ 



- ˾͊ͫ΄͙͔͙͔ͪͤ ͦ͊͟͡͡Έͤ·ͻ 

͍·͍͙͍͙͚ͪ͊ͤ͊ͤ ͍  ͔ͦ͋ ͫͭͦͪͦͤ· ͒ͦ 

͔ͭͻ ͨͦͪΣ ͨͦ͊͟ ͫͯͣͣ͊ͪͤ͊Ύ ͦͼ͔ͤ͊͟ 

͍·͍͙͍͙ͪ͊ͤ͊ͤΎ ͔ͤ ͤ͊;͙͔ͤ͊ͭ 

͔ͯͣͤΈ΄͊ͭΈͫΎ ό͔͙͔ͨͦͫͭͪͦͤ 

͔͎͔ͫͣͤͭͤ·ͻ ͨ͊ͪ όhigh-scoring 

segment pair, HSP)); 

 

- ˻͋Ά͔͙͔͙͔͒ͤͤ ͔͎͔ͫͣͤͭͤ·ͻ ͨ͊ͪ, 

͔͗͊͡΅͙ͻ ͤ͊ ͔͙͙ͯ͒͊ͤ͡ ͔ͣͤΈ΄͔ ˢΤ 

- ˿͍͔͙͔ͦͫͭ͊ͤ͡ ͙ͫͨͫ͊͟ ͔͎͔ͫͣͤͭͤ·ͻ 

͔͚ͦ͋͊ͫͭ͡ ͫ ͍·͚ͫͦͦ͟ ͦͼ͔͚ͤͦ͟; 

- ˾͊ͫ;͔ͭ ͙͙ͫͭ͊ͭͫͭ;͔͚ͫͦ͟ 

ͤ͊͘;͙͙ͣͦͫͭ Ή͙ͭͻ ͦͼ͔ͤͦ͟. 
19 

͔̏ͫͨͪͫͫ͟-͔ͣͭͦ͒· ͫ ͍͔͙ͪ͊ͤͤΎ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ. 
BLAST 



ˣ͙͔ͪͦͫ͊ͤ ͙ͯ͋͊͟͟ 

22 

˾͙͊ͫͫͣͦͭͪͣ ͙͔͋ͪͦͫ͊ͤ ͙ͯ͋͊͟͟ n ͪ ͊͘Φ 

˴͍͊ͦͦ͟ ͔͙ͣ͊ͭͣ͊ͭ;͔͔ͫͦ͟ ͙͙͔ͦ͗͒͊ͤ 

;͙ͫ͊͡ N_l  ͨ ͍͍ͦͭͦͪͦ ͙͒ͤ͡· ͔ͤ ͔͔͔ͣͤ l? 

ʛʨʘʥʠʚʳʧʘʜʝʥʠʷʴʚʝʨʦʷʪʥʦʩʪpʛʜʝ
ppnpplnNE ll

l

-
-@-+-= ,)1()1)(1()(

ˤ ͫͯ͡;͔͊ ͙͔͔ͤ͊͋ͦ͡ ͙͎͒ͤͤͦͦ͡ ͍ͨͦͭͦͪ͊ N = 1. ́ ͎ͦ͒͊ ͒͡Ύ 

ͣ͊ͭΦ ͙͙ͦ͗͒͊ͤΎ ͙͒ͤ͡· L Ή͎ͭͦͦ ͍ͨͦͭͦͪ͊ ͍͔͙͍ͫͨͪ͊͒ͦ͡ 

)1(log)()1(1 1

)( pnLEppn
p

LE -=Ý-@

(9ǊŘǃǎ, wŞƴȅƛ, 1970)  

ˢ͡Έͺ͔ͪ͒ ˾͔ͤΈ͙ 
(1921 ς 1970) 

çʄʘʪʝʤʘʪʠʢ ð ʵʪʦ ʘʚʪʦʤʘʪ  

ʧʦ ʧʝʨʝʨʘʙʦʪʢʝ ʢʦʬʝ ʚ ʪʝʦʨʝʤʳè 



ˣ͙͔ͪͦͫ͊ͤ ͙ͯ͋͊͟͟ 

24 

́ͦ;͔;ͤ͊Ύ ͙ͣ͊ͭͪͼ͊ ς ͒ ͍͔͔ͯͣͪͤͦ ͦ͋ͦ͋΅͔͙͔ͤ ͙͋ͪͦͫ͊ͤΎ ͙ͯ͋͊͟͟  

ͫ ͊͘ ͔͚ͣͤͦ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͍·͔͙ͨ͊͒ͤΎ ͎͙ͪ͊ͤ ͤ͊ ͍͔ͪͦΎͭͤͦͫͭΈ ͍͔͙ͫͦͨ͊͒ͤΎ ͍͋ͯ͟Φ 

˨͡Ύ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͙͚͒ͤͦ͡ n ͙  m ͙ ͔͔ͣͣ 

ʩʦʚʧʘʜʝʥʠʷʴʚʝʨʦʷʪʥʦʩʪpʛʜʝ
ppmnpplmlnNE ll

-
-@-+-+-= ,)1()1)(1)(1()(

ˣ͔͔ͦ͡ ͭͦ;͔ͤͦ ͔͙͔ͪ͊ͫͫͣͦͭͪͤ ͔͒͊ͭ ͒͡Ύ ͣ͊ͭΦ ͙͙ͦ͗͒͊ͤΎ ͙͒ͤ͡· ͍͔͎͒ͯͣͪͤͦͦ ͍ͨͦͭͦͪ͊ 
͍·͔͙͔ͪ͊͗ͤ 

2
1log)1(log)(log)( 111 -+-+= epmnLE

ppp

g

͎͔͒ ζ͎͊ͣͣ͊η (ͨͦͫͭͦΎͤͤ͊Ύ ͚͔̏ͪ͊͡ύ Ғ 0,577215Χ 
 
 
 
 
(1735 ς ̏ ͚͔ͪ͡ ς р ͍ͤ͊ͦ͘͟Σ Χ мфто ς ̂ ͔ͦͭͪͣ͊ͤ ς путф ͍ͤ͊ͦ͘͟Σ Χύ 



ˣ͙͔ͪͦͫ͊ͤ ͙ͯ͋͊͟͟ 
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˽͔͔ͪͻͦ͒Ύ ͟ ͤ͊ͭͯͪ͊͡Έͤͦͣͯ ͎͙ͦ͊ͪ͡ͺͣͯ ͙ ͍͍ͦ͒Ύ ͦ͋ͦͤ͊͘;͔͙ͤΎ 

lg ¹¹-+-
p

Kep
ppp

1ln,log
2

1log)1(log 111

l
)ln(

)(
Kmn

LE =

˽ͦͯ͡;͔͊ͣ 

ˢ͎͙ͤ͊ͦ͡;͔ͤͦ ͍͔͙͍ͫͨͪ͊͒ͦ͡ (Karlin, Altschul, 1990?) ͙  ͒͡Ύ ͙ͣ͊ͫͣ͊͟͡Έ͚ͤͦ ͦͼ͔͙ͤ͟ 

S_n,m ͫ ͔͎͔͚ͣͤͭͤͦ ͨ͊ͪ· όHSP), ͦ ͍͚͋ͪ͊ͦ͊ͤͤͦ͘ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡ΈͤͦͫͭΎ͙ͣ ͙͚͒ͤͦ͡ n ͙  m:  

l

)ln(
,

Kmn
S mn ´

˹͙ͦͪͣ͊͊͘͡ͼ͙Ύ ό͒͡Ύ ͙ͫ͟͡Ό;͔͙ͤΎ ͍͊͒͊͟͡ ͍͔͙͡;͙ͤ n  ͙m):  



BLAST. ˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

27 

xex eex
---Ö=)(j

˾͔͔͔͙͔͊ͫͨͪ͒ͤ͡ ͙͍ͤͦͪͣ͊ͦ͊ͤͤ͘͡·ͻ ͙ͣ͊ͫͣ͊͟͡Έͤ·ͻ ͦͼ͔ͤͦ͟ ~ψƴΣƳ ͨ ͦ͒;͙ͤΎ͔ͭͫΎ 

͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ό ˥͔ͯͣ͋͡Ύ (͔͔͔͙ͪ͊ͫͨͪ͒ͤ͡Ό Ή͔ͫͭͪͣ͊͟͡Έͤ·ͻ ͤ͊͘;͔͙͚ͤ, Gumbel, 1937; 

˥͔͔ͤ͒ͤͦ͟Σ мфпоύΣ ͒͡Ύ ͎ͦͭͦͪͦͦ͟ 

 

 

 

͎͔͒ S ς ͫ ͯ͡;͚͊ͤ͊Ύ ͍͔͙͡;͙ͤ͊ ͍ ͙͔͍͔ͤͭͪ͊͡ ό-Ð; +Ð) (ͤ  ͦͨ ͔͔͔ͦͫ͒ͤ͡ ͙͙͔͙͔ͨͪ͋͗ͤ͡ 

͔͚͍͙͔͒ͫͭͭ͡Έͤͦ ͭͦ͡Έͦ͟ ͒͡Ύ ͋ͦ͡Έ΄͙ͻ S, ͟ ͎ͦ͒͊ Kmn*exp(- ˂ S) ͣ ͊ͦ͡!) 



BLAST. ˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

29 

͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͣ· ͔ͣͦ͗ͣ ͙ͨͦͫͭͪͦͭΈ ͎ͣͤͦͦ ͍·͍͙͍͙͚ͪ͊ͤ͊ͤ ͒͡Ύ ͚ͦ͒ͤͦ ͙ ͚ͭͦ ͔͗ 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͙ͤͦͫͭ ͊ͨͪͦͫ͊͘ ͙͚͒ͤͦ͡ n ͙  ͋͊͘· ͒͊ͤͤ·ͻ ͚ͫͯͣͣ͊ͪͤͦ ͙͚͒ͤͦ͡ m 

ό͙ͨͪ;͔ͣ ͨͦ;͙ͭ ͍͔ͫ Ή͙ͭ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ ͋ͯ͒ͯͭ ͍͔͊͒ͦͣͦ͘ ͔͍͙ͤͨͪ͊͡Έͤ·͙ͣύ ͙ ͒͡Ύ 

͎͊͗͒ͦͦ͟ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ ͍͙ͨͦͫͭ͊ͭΈ ͭͦ;ͯ͟ ͍ ͙ͦͦͪ͒ͤ͊ͭ͊͟ͻ όS, lnόtό~Ҕ{))): 

˽ͦͯ͡;͙͍΄͙͔ͫΎ ͭͦ;͙͟ ͣͦ͗ͤͦ 

Ή͙͍ͫͭͪ͊ͨͦͪͦ͊ͭ͟͡Έ ͨͪΎ͚ͣͦ ͨͦ 

͔ͣͭͦ͒ͯ ͙͔ͤ͊ͣͤΈ΄͙ͻ ͍͍͊͒ͪ͊ͭͦ͟Σ 

͊ ͤ͊ͦͤ͟͡ Ή͚ͭͦ ͨͪΎ͚ͣͦ ͙ ͔͖ 

͔͔͔ͨͪͫ;͔͙͔ͤ  ͫ ͦͫΈΌ ͙ͦͪ͒ͤ͊ͭ 

͍ͨͦͦ͘͡Ύͭ ͔͔͙ͦͨͪ͒ͭ͡Έ K ͙  ˂ . 

S 

ln
ό
t
ό
~
Ҕ
{
ύ
ύ

 

0 

˹ͦ ͍͊ͦ͟͟· ͍ Ήͭͦͣ ͫͯ͡;͔͊ K ͙  ˂ ? 

ˤ ͙ͦͭ͡;͙͔ ͦͭ ͙͋ͪͦͫ͊ͤΎ ͙ͯ͋͊͟͟Σ ͍͔ͪͦΎ͙ͭͤͦͫͭ ͍͔͙͚ͫͦͨ͊͒ͤ ͍͋ͯ͟ ͔͔͊ͪ͊ͤ͘ ͔͙͍͔ͤͫͭͤ͘·Φ 

˽͎͙ͪͦͦ͊ͪ͡ͺ͙͔ͣͪͯͣ ͍·͔͙͔ͪ͊͗ͤ ͒͡Ύ ͍͔ͪͦΎ͙ͭͤͦͫͭΥ  



˨͡Ύ BLOSUM62 ͋·͙͡ ͨͦͯ͡;͔ͤ· ͤ͊͘;͔͙ͤΎ K = 0.040 ͙  ˂  = 0.254 (Altshul, Gish, 1996)(?). 

˽͍ͦ͒ͫͭ͊͡Ύ͔ͣ ͙ͻ ͍ ͺͦͪͣͯͯ͡ ͒͡Ύ ͪ͊ͫ;͔ͭ͊ ͍͔ͪͦΎ͙ͭͤͦͫͭΥ 
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>SP:MYG_PHYCD P02185 Myoglobin  OS=Physeter  catodon  OX=9755 GN=MB PE=1 

SV=2 Length=154  

 

Score = 104 bits (259),  Expect = 1e - 29 

Identities = 50/50 (100%), Positives = 50/50 (100%), Gaps = 0/50  (0%)  

 

Query  1    LAQSHATKHKIPIKYLEFISEAIIHVLHSRHPGDFGADAQGAMNKALELF  50  

            LAQSHATKHKIPIKYLEFISEAIIHVLHSRHPGDFGADAQGAMNKALELF 

Sbjct   90   LAQSHATKHKIPIKYLEFISEAIIHVLHSRHPGDFGADAQGAMNKALELF  139 

BLAST. ˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

E < 0,02 ͍·ͫͦ͊͟Ύ ͍ ͔ͪͦΎͭͤͦͫͭΈ ͎͎͙͙ͦͣͦͦ͡ 

0,02 < E < 1 ͎͎͙ͦͣͦͦ͡Ύ ͤ ͔ ͦ;͔͍͙͒ͤ͊ 

E > 1 ͫͻ͍ͦ͒ͫͭͦ ͫ ͯ͡;͚͊ͤͦ 

~

,( )n mP S S E value> ¹ -

˽͙͔ͪͣͪ ό͙͎͙ͣͦͦ͋ͤ͡ ͊͟΄͊ͦͭ͊͡ύΥ 
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BLAST. ˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

E < 0,02 ͍·ͫͦ͊͟Ύ ͍ ͔ͪͦΎͭͤͦͫͭΈ ͎͎͙͙ͦͣͦͦ͡ 

0,02 < E < 1 ͎͎͙ͦͣͦͦ͡Ύ ͤ ͔ ͦ;͔͍͙͒ͤ͊ 

E > 1 ͫͻ͍ͦ͒ͫͭͦ ͫ ͯ͡;͚͊ͤͦ 

~

,( )n mP S S E value> ¹ -

˨͡Ύ BLOSUM62 ͋·͙͡ ͨͦͯ͡;͔ͤ· ͤ͊͘;͔͙ͤΎ K = 0.040 ͙  ˂  = 0.254 (Altshul, Gish, 1996)(?). 

˽͍ͦ͒ͫͭ͊͡Ύ͔ͣ ͙ͻ ͍ ͺͦͪͣͯͯ͡ ͒͡Ύ ͪ͊ͫ;͔ͭ͊ ͍͔ͪͦΎ͙ͭͤͦͫͭΥ 

 
 
 

>lcl|PDB:1TI5_A mol:protein  length:46 plant defensin  Length=46  

 

Score = 25.8 bits (74), Expect = 1.9  

Identities = 12/31 (39%), Positives = 14/31 (45%), Gaps = 2/31 (6%)  

  

Query  7 K CSGSPQCLKPCKDAGMRFGKC-- MNRKCHC 35 ʢʘʣʠʦʪʦʢʩʠʥ   

         KC     C   CK+ G   G C  M R C+C  

Sbjct  12 K CLIDTT CAHSCKNRGYIGGNCKGMTRTCYC 42 ʜʝʬʝʥʟʠʥ 

˨͎͚ͪͯͦ ͙͔ͨͪͣͪ ό͙͙͊ͦͭͦͫͤ͟͟͡): 
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BLAST. ˭ͤ͊;͙ͣͦͫͭΈ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ 

͙͙͊ͦͭͦͫͤ͟͟͡ ͔͒ͺ͔͙ͤͤ͘ 

˨͡Ύ ͙ͦͪͦͭ͟͟ͻ ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͫͻ͍ͦ͒ͫͭͦ ͔ͣͦ͗ͭ ͋·ͭΈ ˹˩ ͫͯ͡;͚͊ͤ·ͣ ͔͒͊͗ 

͙ͨͪ E > 1 ! 

>lcl|PDB:1TI5_A mol:protein  length:46 plant defensin  Length=46  

 

Score = 25.8 bits (74), Expect = 1.9  

Identities = 12/31 (39%), Positives = 14/31 (45%), Gaps = 2/31 (6%)  

  

Query  7 K CSGSPQCLKPCKDAGMRFGKC-- MNRKCHC 35 ʢʘʣʠʦʪʦʢʩʠʥ   

         KC     C   CK+ G   G C  M R C+C  

Sbjct  12 K CLIDTT CAHSCKNRGYIGGNCKGMTRTCYC 42 ʜʝʬʝʥʟʠʥ 



˸͔͍͔͔ͤͦ͗ͫͭͤͤͦ ͍·͍͙͍͙͔ͪ͊ͤ͊ͤ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ 

36 

Multiple sequence alignment of the putative spike protein TMD of 10 different 
coronaviruses. The SCoV spike protein TMD corresponds to residues Y1194-L1216. 
The coloring is according to the chemical nature of the amino acid. The arrows 
indicate the insertion of the glycine residues in the SCoV spike protein TMD. 

A Trimerizing GxxxG 
Motif Is Uniquely 
Inserted in the SARS 
Coronavirus Spike 
Protein Transmembrane 
Domain (2006) 



˸͔͍͔͔ͤͦ͗ͫͭͤͤͦ ͍·͍͙͍͙͔ͪ͊ͤ͊ͤ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ 

͔͙̇͡: 

- ˽ ͔͙͔ͦͫͭͪͦͤ ͅ ͙͎͔͔͙ͦͤͭ͡;͔͙ͫ͟ͻ ͒ ͔͔͍ͪΈ͔͍ 

- ʕ ·Ύ͍͔͙͔ͤ͡ ͔͍͙͍ͦͤͫͪ͊ͭͤ͟·ͻ ͦ ͍ͫͭ͊ͭͦ͟ ͙  ͣ ͙͍͍ͦͭͦ 

- ˽ ͔͙͔ͦͫͭͪͦͤ ͨ ͪͦͺ͙͔͚͡ ό͍͙͙ͯ͊͊͘͘͡ͼ͙Ύύ 

- ˮ ͔͙͍͔ͭͪ͊ͭͤͦ ͍ ·Ύ͍͔͙͔ͤ͡ ͔͚ͯ͒͊ͤͤͦ͡ ͎͎͙͙ͦͣͦͦ͡ 

-  Χ 

 

ˢ͎͙ͦͪͭͣ͡·: 

- ˨ ͙͙ͤ͊ͣ;͔͔ͫͦ͟ ͨ ͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ 

- ˽ ͎͔͙͍͔ͪͦͪͫͫͤͦ ͍ ·͍͙͍͙͔ͪ͊ͤ͊ͤ 

- ˿ ͪ͟·ͭ·͔ ͣ ͍͙͔͊ͪͦͫ͟͟ ͣ ͔͙ͦ͒͡ 

- ˴ ͍͍͊ͤͭͦ·͔ ͟ ͦͣͨΈΌ͔ͭͪ·Κ 

37 



˨͙͙ͤ͊ͣ;͔͔ͫͦ͟ ͎͙͍͙͔ͨͪͦͪ͊ͣͣͪͦ͊ͤ 

˽ͪΎ͚ͣͦ ͔ͣͭͦ͒ ͍·͔͙ͨͦͤͤ͡Ύ ͔͍͔͎ͣͤͦ͗ͫͭͤͤͦͦ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎΣ 

͔͔ͦ͋ͫͨ;͙͍͊Ό΅͙͚ ͤ ͊ͻ͔͙͔ͦ͗͒ͤ ͎ ͦ͋͊͡͡Έ͎ͤͦͦ ͦ ͙ͨͭͣͯͣ͊.  

˨͡Ύ ͍·͍͙͍͙ͪ͊ͤ͊ͤΎ N ͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ ͔͔ͭͪ͋ͯͭͫΎ ͔͙͔ͨͦͫͭͪͦͤ N-

͔͚ͣͪͤͦ ͙ͣ͊ͭͪͼ·. ͙́͊ͣ͟ ͦ͋ͪ͊ͦͣ͘Σ ͍ͨͪͦͫͭͪ͊ͤͫͭͦ ͙ͨͦͫ͊͟ ͔ͪ͊ͫͭͭ 

Ή͔ͫͨͦͤͤ͟ͼ͙͊͡Έͤͦ  ͫ ͪͦͫͭͦͣ N,  ͊ ͔ͭ͊͗͟ ͍͙͙͊ͫͭ͘ ͦ ͭ ͙͒ͤ͡· 

͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ. ʕ ͔ͪͣΎ ͨ ͙ͦͫ͊͟ ͣ ͔ͦ͗ͭ ͋ ·ͭΈ ͦ ͼ͔͔ͤͤͦ ͟ ͊͟ O(L^N).  

38 

A- BD- E-  

ACB-- E-  

A-- DCEE 



˸͔͍͔͔ͤͦ͗ͫͭͤͤͦ ͍·͍͙͍͙͔ͪ͊ͤ͊ͤ 
͔͍͔ͨͦͫ͒ͦ͊ͭ͡͡Έ͔͚ͤͦͫͭ 

͔͙̇͡: 

- ˽ ͔͙͔ͦͫͭͪͦͤ ͅ ͙͎͔͔͙ͦͤͭ͡;͔͙ͫ͟ͻ ͒ ͔͔͍ͪΈ͔͍ 

- ʕ ·Ύ͍͔͙͔ͤ͡ ͟ ͔͍͙͍ͦͤͫͪ͊ͭͤ·ͻ ͦ ͍ͫͭ͊ͭͦ͟ ͙  ͣ ͙͍͍ͦͭͦ 

- ˽ ͔͙͔ͦͫͭͪͦͤ ͨ ͪͦͺ͙͔͚͡ ό͍͙͙ͯ͊͊͘͘͡ͼ͙Ύύ 

- ˮ ͔͙͍͔ͭͪ͊ͭͤͦ ͍ ·Ύ͍͔͙͔ͤ͡ ͔͚ͯ͒͊ͤͤͦ͡ ͎͎͙͙ͦͣͦͦ͡ 

-  Χ 

 

ˢ͎͙ͦͪͭͣ͡·: 

- ˨ ͙͙ͤ͊ͣ;͔͔ͫͦ͟ ͨ ͎͙͍͙͔ͪͦͪ͊ͣͣͪͦ͊ͤ ς ͤ  ͔͎͙ͦ͒ͭͫΎ 

- ˽ ͎͔͙͍͔ͪͦͪͫͫͤͦ ͍ ·͍͙͍͙͔ͪ͊ͤ͊ͤ 

- ˿ ͪ͟·ͭ·͔ ͣ ͍͙͔͊ͪͦͫ͟͟ ͣ ͔͙ͦ͒͡ 

- ˴ ͍͍͊ͤͭͦ·͔ ͟ ͦͣͨΈΌ͔ͭͪ·Κ 

39 



˽͔͙͔ͦͫͭͪͦͤ ͙ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͨͪͦͺ͙͔͚͡ 

͙͔͙́ͦͪ͒ͦͫͤ͟· ς ͔͔͚͍ͫͣͫͭͦ ͔͍͋ͦ͟͡Σ ͍͔ͦͭ;͊Ό΅͙ͻ ͘ ͊ ͍͍͔͙͔ͦͫͫͭ͊ͤͦͤ͡ 
͙͒ͫͯ͡Έͺ͙͒ͤ·ͻ ͍ͫΎ͔͚͘  ͍͔͋͊͟͡ͻ  ͙͍͔ͫͭͪ;͊Ό΅͙ͻͫΎ ͊͟͟  ͍͙͍͗ͦͭͤͦͣΣ ͭ͊͟  ͙  ͍
͙͔ͪ͊ͫͭͭ͡Έͤͦͣ ͣ ͙͔ͪ. 

40 

ˤ·͍͙͍͙͔ͪ͊ͤ͊ͤ ͫͭͪͯͭͯͪ͟ ͙͔͙ͭͦͪ͒ͦͫͤ͊͟ 
;͔͍͔ͦ͊͟͡ ͙ ͣͯ΄͙͟ Drosophila melanogaster. 
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˽͔͙͔ͦͫͭͪͦͤ ͙ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͨͪͦͺ͙͔͚͡ 
Cys 32  Cys35 
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˽͔͙͔ͦͫͭͪͦͤ ͙  ͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͨͪͦͺ͙͔͚͡ 
Cys 32  Cys35 

Sequence logos: a new way to 
display consensus sequences  
(Schneider & Stephens, 1990) 

s ς ;͙ͫͦ͡ ͙͍͍ͫͣͦͦ͡ ͍ ͊͡ͺ͍͙͔͊ͭ όпΣ нлΣ Χύ 
p(a, i) ς ͍ ͔ͪͦΎͭͤͦͫͭΈ ͨͦΎ͍͔͙ͤ͡Ύ ͍͋ͯ͟·  ͍͊  ͙ͨͦ͘ͼ͙͙ i 

͔͍̊ͤͤͦͤͦͫ͊͟Ύ Ή͙ͤͭͪͦͨΎ i-͚ͭͦ ͙ͨͦ͘ͼ͙͙ 

ˮͤͺͦͪͣ͊ͼ͙ͦͤͤ͊Ύ ͤ͊͘;͙ͣͦͫͭΈ i-͚ͭͦ ͙ͨͦ͘ͼ͙͙ 

ˤ·ͫͦͭ͊ ͙͍ͫͣͦ͊͡ ͍ ͨͪͦͺ͙͔͡ 
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˽͔͙͔ͦͫͭͪͦͤ ͙ ͍͙͙ͯ͊͊͘͘͡ͼ͙Ύ ͨͪͦͺ͙͔͚͡ 
Sequence logos: a new way to 
display consensus sequences  
(Schneider & Stephens, 1990) 


