
Computer Aided Drug Design 

——Sequence Analysis 

Qin Xu
http://cbb.sjtu.edu.cn/~qinxu/CADD.htm



Course Outline
• Introduction and Case Study
• Drug Targets

– Sequence analysis
– Protein structure prediction
– Molecular simulation

• Drug Design
– Combinatorial library
– 3D-QSAR
– Statistical methods

• Molecular Docking



Basic problems in 
sequence analysis

• Sequence alignment
• Genome construction

– genes  proteins
– the non-coding sequences 

• Functional element finding 
– Exons, introns, promoters, …

• Regulatory network analysis
– Transcription factors

Targets

http://en.wikipedia.org/wiki/File:Gene2-plain.svg


Sequence Alignment

• DNA/RNA alignment 
– ACGT,U

• Protein alignment
– 20 amino acids

• Global alignment and local alignment
– Lower score



Dynamic programming sequence 
alignment algorithms

• Needleman/Wunsch global 
alignment 

• Smith/Waterman local alignment 
• Linear and affine gap penalties 



Needleman/Wunsch global alignment

• Needleman, SB and Wunsch, CD. A general 
method applicable to the search for similarities 
in the amino acid sequence of two proteins”, J. 
Mol. Biol. 48:443-453, 1970.

• Two sequences X = x1 ...xn and Y = y1 ...ym
• Let F(i, j) be the optimal alignment score of 

X1...i of X up to xi and Y1...j of Y up to Yj (0 ≤ i ≤
 n, 0 ≤ j ≤ m), then we have 



Needleman/Wunsch 
global alignment



d=2; s(xi ,yj )= 1 (same) | -1 (different)



Smith/Waterman local alignment 

0

Smith, TF and Waterman, MS. Identification of 
Common Molecular Subsequences”, J. Mol. 
Biol. 147: 195-197, 1981 



d=2; s(xi ,yj )= 1 (same) | -1 (different)





Gap penalties 

The BLOSUM62 matrix (BLOcks SUbstitution Matrix) 

PAM

(Point accepted 
mutation matrix)



Improved algorithms
• Gotoh, O. An improved algorithm for matching biological 

sequences, J. Mol. Biol. 162:705-708, 1982 
– More efficient Needleman/Wunsch and Smith/Waterman 

algorithms. 
• Myers, E. W. and Miller, W. Optimal alignment in linear 

space”, CABIOS 4: 11-17, 1988. 
– A method to reduce the memory cost from O(n^2) to O(n) 

• Henikoff, S. and Henikoff, J.G. Amino Acid Substitution 
Matrices from Protein Blocks. PNAS 89 (22): 10915– 
10919, 1992. 
– BLOSUM, gap penalty matrix for sequence alignment of proteins.



Heuristic algorithms 
• Trading optimality, completeness, accuracy, or 

precision for speed
– Much faster 
– May completely miss the optimal alignment 

• How to save work?
– Seed: find significant gap-less matches and then 

extend them 
– Searching in the diagonal band of the matrix

• Two important algorithms for alignment
– FASTA 
– BLAST 



FASTA 
Algorithm



FASTA
• FASTA = "FAST-All"  = "FAST-P" (protein) + "FAST-N" 

(nucleotide)
• FASTA file format 

>1SIO:A|PDBID|CHAIN|SEQUENCE
AAPTAYTPLDVAQAYQFPEGLDGQGQCIAIIELGGGYD 
EASLAQYFASLGVPAPQVVSVSVDGASNQPTGDPSGP 
DGEVELDIEVAGALAPGAKFAVYFAPNTDAGFLDAITTA 
IHDPTLKPSVVSISWGGPEDSWTSAAIAAMNRAFLDAA 
ALGVTVLAAAGDSGSTDGEQDGLYHVDFPAASPYVLA 
CGGTRLVASGGRIAQETVWNDGPDGGATGGGVSRIF 
PLPAWQEHANVPPSANPGASSGRGVPDLAGNADPAT 
GYEVVIDGEATVIGGTSAVAPLFAALVARINQKLGKAVG 
YLNPTLYQLPADVFHDITEGNNDIANRAQIYQAGPGWD 
PCTGLGSPIGVRLLQALLPSASQPQP



Basic Local Alignment Search Tool 
(BLAST)

• Publications: 
– Ungapped BLAST – Altschul et al., 1990 
– Gapped BLAST, PSI-BLAST - Altschul et al., 1997 

• Input: 
– Query (target) sequence：DNA, RNA or Protein
– Scoring Scheme – gap penalties, substitution matrix 

for proteins, identity/mismatch scores for DNA/RNA 
– Word length W – typical is W=3 for proteins and 

W=11 for DNA/RNA 
• Output: 

– Statistically significant matches 



Sequencing by BLAST



Standard Protein BLAST



Results of BLAST



Results of BLASTp on PDB



Results about conserved domain



Description of conserved domain



Distance tree



Descriptions of searched results



Alignment



CLUSTAL

http://www.clustal.org/

• Multiple sequence alignment 
– Do a pairwise alignment
– Create a  (or use a user-defined tree)
– Use the guide tree to carry out a multiple alignment

• Three main version
– ClustalW: command line interface
– ClustalX: graphical user interface
– Clustal Omega: the latest online version



CLUSTAL

http://www.clustal.org/
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Classes of 
Secondary Structural Prediction
• Chou-Fasman

– Pα
 

, Pβ
 

, Pturn

– Overlap
• Amino Acid Hydrophobicity
• k-Nearest Neighbor algorithm (kNN 
，最邻近法，相似片段法)

• Artificial Neural Networks（ANNs，
 人工神经网络）



Amino Acid Hydrophobicity
AA Abrr. Hydrophobicity AA Abrr. Hydrophobicity
Ala A 1.8 Leu L 3.8
Arg R -4.5 Lys K -3.9
Asn N -3.5 Met M 1.9
Asp D -3.5 Phe F 2.8
Cys C 2.5 Pro P -1.6
Gln Q -3.5 Ser S -0.8
Glu E -3.5 Thr T -0.7
Gly G -0.4 Trp W -0.9
His H -3.2 Tyr Y -1.3
Ile I 4.5 Val V 4.2



Methods of 
Secondary Structural Prediction
• DPM（双重预测方法）

• DSC 
• PHDsec
• SOMPA 
• MLRC 
• Jpred
• Predict Protein



Jpred
http://www.compbio.dundee.ac.uk/~www-jpred/ 



Jpred results



SOMPA



SOMPA 
results

https://npsa-prabi.ibcp.fr/cgi- 
bin/npsa_automat.pl?page=/NPSA/ 
npsa_sopma.html



PredictProtein
https://www.predictprotein.org/



PredictProtein results
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