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• The calculation of alignment scores involves addition of 

the match/mismatch values from the matrix for every 

nucleotide base or amino acid residue involved in the 

alignment to obtain a gross alignment score. 

• Then the total gap penalty is calculated.  

• The total gap penalty value is subtracted from the gross 

alignment score value to obtain the final alignment 

score. 



• The statistical significance of the raw score, S, of an alignment is assessed to determine 

whether the observed alignment is specific or could be the result of random chance.  

• This is done by creating many random sequences of the same length from one of the two 

aligned sequences by shuffling the sequence and running the alignment again.  

• Typically this reshuffling and realignment process is repeated 200 times or more.  

• Each alignment using these random sequences produces an alignment score (s).  

• These scores (s1. . .sn) are plotted to generate a distribution pattern, a threshold of 

significance is set, and the original score (S) is compared against this distribution.  

• If the S is located at one end of the distribution (extreme value distribution) that means that 

the alignment is not likely to be produced by random chance. 





Z-Score 

• In the statistical sense, Z is the distance between S and the mean of scores 

obtained using randomized sequences. 

• The Z-score is calculated by repeating the reshuffling and realignment process, 

as described above, and noting the raw score (s) of each alignment using the 

randomized sequences (s1. . .sn).  

• The mean (x) and the standard deviation (σ) of s1. . .sn are calculated and from 

these the Z-score of the target alignment can be determined. 

• The calculation of the Z-score assumes that the alignment of the shuffled 

random sequences shows a normal distribution. 



interpretation of the Z-score is as follows: 

• Z>20: two sequences are definitely homologous (Family) 

• Z between 10 and 20: two sequences most likely homologous 

(Family/Superfamily) 

• Z between 6 and 8: two sequences are less likely to be 

homologous 

• Z<6: not significant. 



P-Value 

• The P-value of an alignment represents the 

probability of obtaining a score≥S by chance.  

• For example, if the P-value is 105, it means that 

the probability of obtaining an alignment with a 

score≥S is 1 out of 105. 

• Thus, different alignments can be compared based 

on their P-values.  

• The P-value ranges from 0 to 1; the  closer it is to 

0, the better is the alignment. 



E-Value 

• The E-value is the expectation value that indicates the number of alignments 

with a score≥S that one can expect to find by chance in a database of size N. 

• Hence, the E-value is dependent on the database size and the query length. 

• The closer the E-value to 0, the better is the alignment.  

• The E-value is the most widely used measure for estimating the quality of 

sequence alignment—that is, the extent of sequence similarity. 

• The typical threshold for the E-value when judging homology, particularly using 

BLAST, is E≤1e-5, and the lower the value, the better it is. 

• lowering the default value makes the search more stringent and fewer chance 

matches are reported. 





Bit Score 

• The bit score (S0) is a normalized raw score expressed in bits; it is an estimate of the 

search space one has to search through—that is, the number of sequence pairs one has to 

score—before one can come across a raw alignment score≥S, by chance. 

• It should be emphasized that the bit score is dependent on sequence length, and short 

sequences may not produce high bit scores despite very high identity. 

• To summarize the utility of the statistical estimates of sequence alignment in simple terms, 

the better the alignment (e.g. homologous sequences),  

• the lower the P- and E-values,  

• and the higher the Z- and bit scores. 





• BLAST E-Value Cut-Off 

• For nucleic-acid-based search, the suggested threshold 

(minimum significant hit) for the E-value is ≤1e-6 and a 

sequence identity of ≥70%.  

• For protein-based search, the suggested threshold for 

the E-value ≤ 1e-4, with a sequence identity of ≥ 35%g. 

However, typically for protein-based homology search, 

the threshold used is E ≤ 1e-5, and the lower it is, the 

better. For example, an E-value of 1e-25 will indicate a 

clear homology. 



• To summarize the utility of the statistical estimates of sequence 

alignment in simple terms, the better the alignment (e.g. 

homologous sequences),  

• the lower the P- and E-values,  

• and the higher the Z- and bit scores. 




