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Similarity between biological sequences 

• One of the most fundamental tasks in 
Bioinformatics 

– Sequence Alignment 

• Why? 

– Same reason we use Google 

• Search for a gene across genomes of multiple species 

• Find the importance of a gene 

– Example: Calmodulin 
• >sp|P62158|CALM_HUMAN Calmodulin OS=Homo sapiens GN=CALM1 PE=1 SV=2 

MADQLTEEQIAEFKEAFSLFDKDGDGTITTKELGTVMRSLGQNPTEAELQDMINEVDADG 
NGTIDFPEFLTMMARKMKDTDSEEEIREAFRVFDKDGNGYISAAELRHVMTNLGEKLTDE 
EVDEMIREADIDGDGQVNYEEFVQMMTAK 
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http://www.uniprot.org/uniprot/P62158 

http://www.uniprot.org/uniprot/P62158
http://www.uniprot.org/uniprot/P62158
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Searching for Calmodulin 

 

3 



CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 

Homologs, Orthologs and Paralogs 
• Homologs: A gene related to a second gene by descent from a common ancestral 

DNA sequence. The term, homolog, may apply to the relationship between genes 
separated by the event of speciation (see ortholog) or to the relationship betwen 
genes separated by the event of genetic duplication (see paralog). 

• Orthologs: Orthologs are genes in different species that evolved from a common 
ancestral gene by speciation. Normally, orthologs retain the same function in the 
course of evolution. Identification of orthologs is critical for reliable prediction of 
gene function in newly sequenced genomes. (See also Paralogs.). 

• Speciation: Speciation is the origin of a new species capable of making a living in a 
new way from the species from which it arose. As part of this process it has also 
aquired some barreir to genetic exchage with the parent species. 

• Paralogs: Paralogs are genes related by duplication within a genome. Orthologs 
retain the same function in the course of evolution, whereas paralogs evolve new 
functions, even if these are related to the original one. 

• Conservation: If a sequence remains relatively unchanged across a number of 
species, it is said to be conserved 
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Origin of new species 
with a barrier to genetic 
exchange  

Genes that evolved 
from a common 
ancestral gene by 
speciation 

Genes related by 
duplication within 
a genome 
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Similarity between biological sequences 

• Why… 
– Infer the function of a gene 

• Example 
– ‘Eyeless’ gene 

• W. Gehring discovered that turning on the 
“eyeless” gene in drosophila leads to the 
growth of ectopic eyes 

• “eyeless” is a master control gene for eye 
formation (transcription factor) 

– The aniridia gene in humans has a sequence that is 
similar to the drosophila eyeless gene 

– Eye morphogenesis is under similar genetic control 
in vertebrates and insects 
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Scanning electron 

micrograph of an ectopic 

eye (arrowhead) in the 
head region  
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PAX6_HUMAN aligned against PAX6_DRO 

HSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVS 54      

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

HSGVNQLGGVFVGGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVS 106 

 

KILGRYYETGSIRPRAIGGSKPRVATPEVVSKIAQYKRECPSIFAWEIRD 104 

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

KILGRYYETGSIRPRAIGGSKPRVATAEVVSKISQYKRECPSIFAWEIRD 156 

 

RLLSEGVCTNDNIPSVSSINRVLRNLASEKQQMGA--------------- 139 

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

RLLQENVCTNDNIPSVSSINRVLRNLAAQKEQQSTGSGSSSTSAGNSISA 206 

 

-----------SWGTR---PGWYPGTSVPGQPTQ---------------- 174   

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

NHQALQQHQQQSWPPRHYSGSWYP-TSLSEIPISSAPNIASVTAYASGPS 355 

 

------------------------------------DGCQQQE---GGGE 185 

                                  ||.|..|   |.|| 

LAHSLSPPNDIESLASIGHQRNCPVATEDIHLKKELDGHQSDETGSGEGE 405     

 

NTNSISSNGEDSDEAQMRLQLKRKLQRNRTSFTQEQIEALEKEFERTHYP 235 

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

NSNGGASNIGNTEDDQARLILKRKLQRNRTSFTNDQIDSLEKEFERTHYP 455 
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Sequence Alignments 

• Understanding disease mechanisms 

• Example: 

– Oncogene  -sis  is a gene found in Simian 
Sarcoma Virus 

• It causes uncontrolled cell growth and leads to cancer 
in monkeys infected by this virus 

– In 1983 Russell Doolittle and colleagues found 
similarities between a cancer-causing gene from 
the Simian Sarcoma virus and a normal growth 
factor gene (PDGF)  
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R. F. Doolittle, M. W. Hunkapiller, L. E. Hood, S. G. Devare, K. C. Robbins, S. A. Aaronson, and H. N. Antoniades. Simian sarcoma virus 
oncogene,  -sis, is derived from the gene (or genes) encoding a platelet-derived growth factor. Science, 221:275–277, 1983. 
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Interface prediction 
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Prediction of protein–protein interactions by combining structure and sequence conservation in protein interfaces 
by A. Selim Aytuna, Attila Gursoy and Ozlem Keskin in  Bioinformatics, Vol. 21 no. 12 2005, pages 2850–2855, 2005. 



CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 

Similarity between biological sequences 

• Why… 

– Genome Assembly 
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Similarity between biological sequences 

• Why … 

– Find if two genes are related 

– Find if two species are related 

– Construct the phylogenetic tree 

• Example 
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WNV NS3 vs. DENV4 NS3 
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HEPC NS3 vs. DENV4 NS3 
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Constructing Phylogenetic Tree using Flaviviridae NS3 
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Flaviviridae Family Tree 
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Mutations at the DNA level 

…ACGGTGCAGTTACCA… 

…AC----CAGTCCACCA… 

Substitution 
SEQUENCE EDITS 

REARRANGEMENTS 

Deletion 

Inversion 

Translocation 

Duplication 
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Sequence alignment 

AGGCTATCACCTGACCTCCAGGCCGATGCCC 

TAGCTATCACGACCGCGGTCGATTTGCCCGAC 

-AGGCTATCACCTGACCTCCAGGCCGA--TGCCC--- 

TAG-CTATCAC--GACCGC--GGTCGATTTGCCCGAC 

Definition 

 Given two strings  v = v1v2...vm, w = w1w2…wn, 

 

 an alignment is an assignment of gaps to positions 

 0,…,m in v, and 0,…,n in w, so as to line up each   

 letter in one sequence with either a letter, or a gap 

 in the other sequence 
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So how do we do alignments? 

• An alignment can be represented as an 
optimization problem with the objective of 
maximizing a score that represents the 
similarity of the two sequences after 
alignment 

18 
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How do we solve such optimization problems? 

• Analogous Example 
– Move from start (0,0) to end 

(4,4) while making the most 
money 

– On each edge, there is a certain 
amount of money to be made 
indicated by weights on that 
edge 

– You can only move in the 
directions indicated 
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0,0 0,1 0,2 0,3 0,4 

1,0 1,1 1,2 1,3 1,4 

2,0 2,1 2,2 2,3 2,4 

3,0 3,1 3,2 3,3 3,4 

4,0 4,1 4,2 4,3 4,4 
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Making the most money: Greedy Solution 

• Start at (0,0) 

• At each node 
– Choose the edge 

with maximum 
money 

• This solution gives: 
– 3+2+4+4+2+4+1+3 

= 23 

• Is this optimal? 
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0,0 0,1 0,2 0,3 0,4 

1,0 1,1 1,2 1,3 1,4 

2,0 2,1 2,2 2,3 2,4 

3,0 3,1 3,2 3,3 3,4 

4,0 4,1 4,2 4,3 4,4 
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The greedy solution 
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Making the most money: Exhaustive Depth First 

• We can also search 
exhaustively 

– Find the costs of 
all paths using a 
depth first 
traversal 

– Choose the path 
with least cost 

• Number of paths 
grows exponentially 
with the number of 
nodes 
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0,0 0,1 0,2 0,3 0,4 

1,0 1,1 1,2 1,3 1,4 

2,0 2,1 2,2 2,3 2,4 

3,0 3,1 3,2 3,3 3,4 

4,0 4,1 4,2 4,3 4,4 

0,0 

1,0 

2,0 

3,0 

4,0 

4,1 

4,2 

4,3 

4,4 
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3,1 

4,1 

4,2 

4,3 

4,4 
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Making the most money: Dynamic Programming 

• Break down the problem into sub-problems 

– Solve a general problem of finding the best path 
from the source to any node (not just the sink 
node!) 

– Instead of directly solved the source to the sink 
solution, we now find m x n solutions! 

– But knowing the solution to a sub-problem allows 
us to solve bigger problems that include that sub-
problem! 
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Starting off 
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? 
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In the 2nd column 
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3rd column 
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Final 
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Solution 
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Logic 
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MaximumMoney 

Stores money made 

while arriving at (i,j) 

from North 

Stores money made 

while arriving at (i,j) 

from West 
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What if? 
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0,0 0,1 0,2 0,3 0,4 

1,0 1,1 1,2 1,3 1,4 

2,0 2,1 2,2 2,3 2,4 

3,0 3,1 3,2 3,3 3,4 

4,0 4,1 4,2 4,3 4,4 

2 1 
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General Solution 

• For finding the maximum value path in any 
directed acyclic graph using Dynamic 
Programming 

 

 

 

• Cost of solution: 

– Time:  
• O(mn) 

– Memory: 
• O(mn) 
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General Solution 
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Reading 

• Section 6.3 in Jones & Pevzner 2004 
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Back to alignments 

• What are the possible alignments of the following 
strings: 
– s1 = A 
– s2 = A 

• Answer: 
 
 
 

• Scoring: Let’s 
– Penalize mismatches by –μ 
– Penalize indels (match to gaps) by –σ,  
– Reward matches with +1 
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-A 
A- 

-A 
A- 

A 
A 

1 –σ –σ 
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• What are the possible alignments of the 
following strings: 
– v = AA 
– w = AT 
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AA-- 
--AT 

A--A 
-AT- 

--AA 
AT-- 

A-A- 
-A-T 

-AA- 
A--T 

-A-A 
A-T- 

AA- 
-AT 

A-A 
-AT 

-AA 
A-T 

AA- 
A-T 

A-A 
AT- 

-AA 
AT- 

AA 
AT 

–4σ –4σ –4σ –4σ –4σ –4σ 

1–2σ 1–2σ - μ–2σ 1–2σ - μ–2σ - μ–2σ 

1- μ 
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A 

A 

1 

2 

0 i 

A T 
0 1 2 

j 

Alignment as a path in 2D grid 

• We can represent an alignment as a path on a 2D grid as follows 

– Start at 0 

– Whenever a character from a string is used increment its coordinate 
otherwise keep the previous  

• In case of alignments these graphs are called edit graphs 
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A-A- 
-A-T 

i 0 

v 

w 

j 0 

1 

A 

- 

0 

1 

- 

A 

1 

2 

A 

- 

1 

2 

- 

T 

2 

(0,0)(1,0)(1,1)(2,1)(2,2) 
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Alignment as a path in 2D grid 

• Represent the following alignment  
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AA- 
A-T 

A 

A 

1 

2 

0 i 

A T 
0 1 2 

j 
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Alignments from paths 

• What’s the 
corresponding 
alignment for the 
path shown 

• Note  
– ↓ and  Correspond to 

matches to gaps (indels) 

– Diagnoal arrows 
correspond to matches 
or mismatches 
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A 

A 

1 

2 

0 i 

A T 
0 1 2 

j 

AA- 
A-T 

A 

A 

1 

2 

0 i 

A T 
0 1 2 

j 

AA 
AT 
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Assigning values to the paths 

• Let’s assign values to paths: 

– What should be the value of any          or    ? 

• These are matches to gaps 

– –σ 

– What should be the value of diagonals? 

• These correspond to matches or mismatches 

– If match: +1 

– If mismatch: –μ 

39 
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Complete DAG for alignments 

• The alignment problem is then to find the 
path of the maximum value in this DAG 
– Use Dynamic programming! 

40 

A 

A 

1 

2 

0 i 

A T 

0 1 2 

j 

–σ –σ 

–σ 

–σ 

–σ –σ 

–σ 

–σ 

+1 

+1 

–μ 

–μ 

–σ 

–σ 

–σ –σ 
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Let’s solve it! 

– Assume: σ = 0.5, μ= 0.5  
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A 

A 

1 

2 

0 i 

A T 

0 1 2 

j 

–σ –σ 

–σ 

–σ 

–σ –σ 

–σ 

–σ 

+1 

+1 

–μ 

–μ 

–σ 

–σ 

–σ –σ 

–σ –2σ 

–σ 

–2σ 

+1 

1–σ 

1–σ 

+1- μ 

A 

A 

1 

2 

0 i 

A T 

0 1 2 

j 

–σ –σ 

–σ 

–σ 

–σ –σ 

–σ 

–σ 

+1 

+1 

–μ 

–μ 

–σ 

–σ 

–σ –σ 
+1 

+1- μ 

AA 
AT 
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Needleman-Wunsch 

• This algorithm is called Needleman-Wunsch 
Algorithm! 

 
• Needleman, Saul B.; and Wunsch, Christian D. (1970). "A general method applicable to the search for similarities in the 

amino acid sequence of two proteins". Journal of Molecular Biology 48 (3): 443–53. doi:10.1016/0022-2836(70)90057-4. 
PMID 5420325. 
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PrintAlign(b,v,w) 

Av ← ""  

Aw ← ""  

i ← length(A)  

j ← length(B)  

while (i > 0 or j > 0)  

  if (i > 0 and j > 0 and 𝑏𝑖,𝑗 == ↘ 

    Av ← vi + Av  

    Aw ← wj + Aw  

    i ← i - 1  

    j ← j - 1  

  else if i > 0 and 𝑏𝑖,𝑗 == ↓ 

    Av ← vi + Av 

    Aw ← "-" + Aw  

    i ← i - 1  

  else if j > 0 and 𝑏𝑖,𝑗 == → 

     Av ← "-" + Av    

    Aw ← wj + Aw 

    j ← j – 1 

Return Av , Aw   

 

Pseudo code 
NWAlign(v,w) 

 m ← length(v) 

 n ← length(m) 

 for i ← 0 to m 

  si,0 ← 0 

 for j ← 0 to N 

  s0,j ← 0 

 for i ← 1 to m 

  for j ← 1 to n 

   𝑠𝑖,𝑗 ← 𝑚𝑎𝑥 

𝑠𝑖−1,𝑗 − 𝜎

𝑠𝑖,𝑗−1 − 𝜎

𝑠𝑖−1,𝑗−1 + 1
𝑠𝑖−1,𝑗−1 − 𝜇

𝑖𝑓𝑣𝑖 = 𝑤𝑗
𝑖𝑓 𝑣𝑖 ≠ 𝑤𝑗

 

   𝑏𝑖,𝑗 ← 

↓ 𝑖𝑓𝑠𝑖,𝑗 = 𝑠𝑖−1,𝑗 − 𝜎

→ 𝑖𝑓𝑠𝑖,𝑗 = 𝑠𝑖,𝑗−1 − 𝜎

↘
↘

𝑖𝑓𝑠𝑖,𝑗 = 𝑠𝑖−1,𝑗−1 + 1

𝑖𝑓𝑠𝑖,𝑗 = 𝑠𝑖−1,𝑗−1 − 𝜇

 

 Return 𝑠𝑚,𝑛,b 
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𝑠𝑚,𝑛 stores the alignment score, O (mn) time, O (mn) space 
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Scores Matrix 
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5   HSGVNQLGGVFVNGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVS     54 

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

57  HSGVNQLGGVFVGGRPLPDSTRQKIVELAHSGARPCDISRILQVSNGCVS    106 

 

55  KILGRYYETGSIRPRAIGGSKPRVATPEVVSKIAQYKRECPSIFAWEIRD    104 

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

107 KILGRYYETGSIRPRAIGGSKPRVATAEVVSKISQYKRECPSIFAWEIRD    156 

 

105 RLLSEGVCTNDNIPSVSSINRVLRNLASEKQQMGA---------------    139 

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

157 RLLQENVCTNDNIPSVSSINRVLRNLAAQKEQQSTGSGSSSTSAGNSISA    206 

 

155 -----------SWGTR---PGWYPGTSVPGQPTQ----------------    174 

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

307 NHQALQQHQQQSWPPRHYSGSWYP-TSLSEIPISSAPNIASVTAYASGPS    355 

 

175 ------------------------------------DGCQQQE---GGGE    185 

                                        ||.|..|   |.|| 

356 LAHSLSPPNDIESLASIGHQRNCPVATEDIHLKKELDGHQSDETGSGEGE    405 

 

186 NTNSISSNGEDSDEAQMRLQLKRKLQRNRTSFTQEQIEALEKEFERTHYP    235 

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

406 NSNGGASNIGNTEDDQARLILKRKLQRNRTSFTNDQIDSLEKEFERTHYP    455 
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Alignment scores 
• This algorithm scores alignments as: 

– #matches − μ · #mismatches − 𝜎 · #indels 

• For an alphabet of size k 

– We can use a unified square matrix 𝜹 𝑥, 𝑦  of size (k+1)x(k+1) called the substitution 
matrix 

– Example: The previous scoring scheme can be written as follows 

– Protein matrices: More on how they are obtained later 
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A C G T - 

A 1 -μ -μ -μ −𝜎 

C 1 -μ -μ −𝜎 

G 1 -μ −𝜎 

T 1 −𝜎 

- ∞ 

𝑠𝑖,𝑗 ← 𝑚𝑎𝑥  

𝑠𝑖−1,𝑗 + 𝜹 𝑣𝑖 , −

𝑠𝑖,𝑗−1 + 𝜹 −,𝑤𝑗

𝑠𝑖−1,𝑗−1 + 𝜹 𝑣𝑖 , 𝑤𝑗  
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Scoring protein alignments: Blosum62 
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Scoring protein alignments: PAM 
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Global & Local Alignments 

• Needleman-Wunsch performs Global 
alignments 

– It tries to align the entire sequences 

• What if we have two sequences such that we 
expect only a part of one sequence to occur in 
another? 

– Local alignments 

49 
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Local vs. Global Alignment (cont’d) 

Global Alignment 
 
 
 
 
 
 
 
Local Alignment—better for finding a conserved segment 

    --T—-CC-C-AGT—-TATGT-CAGGGGACACG—A-GCATGCAGA-GAC 
      |  || |  ||  | | | |||    || | | |  | ||||   | 

    AATTGCCGCC-GTCGT-T-TTCAG----CA-GTTATG—T-CAGAT--C 

                tccCAGTTATGTCAGgggacacgagcatgcagagac 

                     |||||||||||| 

aattgccgccgtcgttttcagCAGTTATGTCAGatc 
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Alignment paths for local and global alignments 

51 
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Alignments as paths in the edit graph 

• The Global Alignment Problem tries to find the 
longest path between vertices (0,0) and (n,m) 
in the edit graph. 

• The Local Alignment Problem tries to find the 
longest path among paths between arbitrary 
vertices (i,j) and (i’, j’) in the edit graph. 

52 
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Local alignments using a global aligner 

• Choose a starting and end position 

• Do a global alignment between the two 

• This will take O(m2n2) time 
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Global alignment 

Local alignment 

Compute a “mini” 

global alignment to 

get a local 

alignment 
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Local Alignment: Example 



CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 

Local Alignment: Example 
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Local Alignment: Example 
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Local Alignment: Example 
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Local Alignment: Example 
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Free rides 

59 

The dashed edges represent the free rides from (0,0) to every 
other node. 
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Implementation of free rides 

60 

𝑠𝑖,𝑗 ← 𝑚𝑎𝑥 

0
𝑠𝑖−1,𝑗 + 𝜹 𝑣𝑖 , −

𝑠𝑖,𝑗−1 + 𝜹 −,𝑤𝑗

𝑠𝑖−1,𝑗−1 + 𝜹 𝑣𝑖 , 𝑤𝑗  

 

Power of ZERO: this is the only change 
from the original recurrence of a 
global alignment, representing the 
“free ride” edge 
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Local Alignment: Backtrace 

• Score of best local alignment is the maximum 
entry of sij 

• The alignment is found by a backtrace from 
the maximum node, to a node for which the 
score is 0. 
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Local Alignment: SW 

• This local alignment 
algorithm is known as 
the “Smith-Waterman” 
algorithm1. 

• T.F. Smith and M.W. Waterman. 
Identification of common 
molecular subsequences. J. Mol. 
Biol. 147:195-197, 1981. 

 

1The Smith-Waterman algorithm considers a more sophisticated gap penalty scheme 
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Example 
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http://en.wikipedia.org/wiki/Smith%E2%80%93Waterman_algorithm 
 

http://en.wikipedia.org/wiki/Smith%E2%80%93Waterman_algorithm
http://en.wikipedia.org/wiki/Smith%E2%80%93Waterman_algorithm
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Questions 

• What is the complexity of the ‘traceback’ 
step? 

 

• What is the worst-case complexity of the 
traceback? 

64 



CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 

Scoring Indels: Naive Approach 

• A fixed penalty σ is given to every indel: 

– -σ  for 1 indel,  

– -2σ for 2 consecutive indels 

– -3σ for 3 consecutive indels, etc. 

 

Can be too severe penalty for a series of 100 consecutive indels 
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Affine Gap Penalties 

• In nature, a series of k indels often comes as a 
single event rather than a series of k single 
nucleotide events: 

Normal scoring would 
give the same score for 
both alignments 

This is more 
likely. 

This is less likely. 
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Missing DNA 

• Many forms of Autism are cause by missing 
chunks of DNA 

– In one study, it was found that 5 Mbp 
were missing in a child with autism 

– Aspergers 

• Angelman syndrome (happy puppet 
syndrome)  

– Deletion of the gene ATP10a on 
chromosome 15 

67 

http://www.ted.com/talks/james_watson_on_how_he_discovered_dna?language=e
n 
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Affine gap penalty 

• Score for a gap of length x is: -(ρ + σx) 
 
   where:    
   ρ > 0 is the gap opening penalty  
   σ > 0 is the gap extension penalty 
  
• ρ is large relative to σ because you do not want to add 

too much of a penalty for extending the gap. 
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Affine Gap Penalties and Edit Graph 

To reflect affine gap 

penalties we have to add 

“long” horizontal and vertical 

edges to the edit graph.  

Each such edge of length x 

should have weight  

          - - x 
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Adding “Affine Penalty” Edges to the Edit Graph 

• There are many such edges! 

– n (or m) incoming 
edges are added 

 

• Adding them to the graph 
increases the running time of 
the alignment algorithm by a 
factor of n. 
 

• The complexity increases 
from O(n2) to O(n3) 
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The 3-leveled Manhattan Grid 

gaps in w 

matches/mismatches 

gaps in v 
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Manhattan in 3 Layers 

ρ 

ρ 

σ 

σ 

δ 

δ 

δ 

δ 

δ 
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Affine Gap Penalties and 3 Layer Manhattan Grid 

• We’ll have three recurrences in a 3-layered graph.  

– The top level creates/extends gaps in the sequence w.   

– The bottom level creates/extends gaps in sequence v.  

– The middle level extends matches and mismatches. 
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Switching Between the Layers 

• Levels: 

– The main level is for diagonal edges   

– The lower level is for horizontal edges 

–  The upper level is for vertical edges 

• A jumping penalty is assigned to moving from the main 
level to either the upper level or the lower level (-- ) 

• There is a gap extension penalty for each continuation on 
a level other than the main level (-) 
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Affine Gap Penalty Recurrences 
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Should we compare DNA or protein sequences? 

• DNA sequence is less conserved than protein 
sequence 

• The protein sequence contains more 
information than the DNA sequence 

 

 Less effective to compare coding regions at 
the nucleotide level 
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When to use local/global? 
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SUBSTITUTION MATRICES 
Alignments 

78 
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Making a Scoring Matrix 

• Scoring matrices are created based on the 
intuition that some mutations have a smaller 
effect on the function of a protein  

   Such mismatch penalties should be less harsh 
than others. 
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Scoring Matrix: Example 

A R N K 

A 5 -2 -1 -1 

R - 7 -1 3 

N - - 7 0 

K - - - 6 

• Although R and K are 
different amino acids, 
they have a positive 
score. 

• Why? They are both 
positively charged amino 
acids, therefore 
substitution will not 
greatly change the 
function of the protein. 
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Substitutions of Amino Acids 
 Mutation rates between amino acids have dramatic differences! 
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Conservation 

• Amino acid changes that preserve the physico-
chemical properties of the original residue 
should receive higher scores 
– polar to polar 

• aspartate  glutamate 

– hydrophobic to hydrophobic 

• alanine  valine 
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Percent Sequence Identity 

• A measure of the extent to which two nucleotide or amino acid 
sequences are similar 

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

70% identical 

mismatch 
indel 
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BLOSUM 

• Blocks Substitution Matrix  

• Scores derived from observations of the 
frequencies of substitutions in alignments of 
related proteins 

• Matrix name indicates evolutionary distance: 
– BLOSUM62 was created using sequences sharing no more than 62% 

identity 

Henikoff, S. and Henikoff, J. (1992) Amino acid substitution matrices from 
protein blocks. Proc. Natl. Acad. Sci. USA. 89(biochemistry): 10915 - 10919. 
1992 



CIS 529: Bioinformatics PIEAS Biomedical Informatics Research Lab 

An entry from the BLOCKS database 

Block PR00851A 

 
ID   XRODRMPGMNTB; BLOCK 
AC   PR00851A; distance from previous block=(52,131) 
DE   Xeroderma pigmentosum group B protein signature 
BL   adapted;   width=21; seqs=8; 99.5%=985; strength=1287  
XPB_HUMAN|P19447   (  74) RPLWVAPDGHIFLEAFSPVYK  54 

XPB_MOUSE|P49135   (  74) RPLWVAPDGHIFLEAFSPVYK  54 

P91579             (  80) RPLYLAPDGHIFLESFSPVYK  67 

XPB_DROME|Q02870   (  84) RPLWVAPNGHVFLESFSPVYK  79 

RA25_YEAST|Q00578  ( 131) PLWISPSDGRIILESFSPLAE 100 

Q38861             (  52) RPLWACADGRIFLETFSPLYK  71 

O13768             (  90) PLWINPIDGRIILEAFSPLAE 100 

O00835             (  79) RPIWVCPDGHIFLETFSAIYK  86 

// 

The BLOCKS database is at: http://blocks.fhcrc.org/ 
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The Blosum50 Scoring Matrix 
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Blosum62 

• Where did the BLOSUM62 alignment score 
matrix come from? 

– Eddy 2004 
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Online NW 

88 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch&PROG_DEF=blastn&BLAST_PROG_DEF=blastn&BLAST_SPEC=GlobalAln&LINK_LOC=BlastHome
Link 
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Sequence alignments in Python 

• Biopython 

– http://biopython.org/DIST/docs/api/Bio.pairwise2
-module.html 
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End of Lecture 


