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  ABSTRACT    

Genetic matches, especially between amino acid sequences, plays a crucial role 

in various fields of biological and medical research, where identifying similarities and 

differences between these sequences helps in understanding evolutionary relationships 

and predicting the function of unknown proteins. In addition, high similarity in the 

amino acid sequences of the proteins to be studied indicates functional or structural 

similarities, which can provide insights into their biological roles. 

In this study, we present a proposed methodology based on applying Fourier 

transform to the amino acid sequences of proteins to detect patterns and similarities in 

the frequency domain by converting the frequencies of amino acid occurrences to the 

frequency domain. This approach allows the identification of periodic structures and 

recurring patterns that may not be apparent in the sequence domain sequences. 

This method is particularly useful for identifying structural similarities more 

accurately even when the sequence match ratio is low. 

Keywords: bioinformatics, Genetic matches, protein sequence analysis, pairwise alignment, 

Fourier transform, amino acid frequencies, twilight zone.

 

 

Postgraduate in Department of Computer and Electronic Systems Engineering, Faculty of Information 

Technology and Communications Engineering, Tartous University, Tartous, Syria 

alirostom5798@gmail.com. 

mailto:alirostom5798@gmail.com


  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

93 
 

Pairwise Alignment

Global alignmentLocal alignment

[1,2]

Comparison Matrices

Comparative genomics[3]

Twilight Zone

[4]

saul B.NeedlemanChristian D.wunsch

[5]

gap 

penalty[1,2]

[6] 

T.F smithM.S waterman

[7]

[1,2]

Lisa Mullan



 رستم ،  كشف تطابق التتابعات البروتينية في منطقة الشفق 

94 
 

Jiannan Chao, Furong Tang, and Lei Xu

M.O. Dayhoff, R.M. Schwartz, and B.C. OrcuttPAM

[8,6]

[9]

 PEbA

[10]

  ESMFold 

[11]

 PAM BLOSUM

. 

 



  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

95 
 

Twilight Zone

.

~

BLAST.[3] Needleman-Wunsch

.

 

(PAM).

.

20%

 

 

Pevsner (2015, p. 95). 

 



 رستم ،  كشف تطابق التتابعات البروتينية في منطقة الشفق 

96 
 

Divergent Proteins

. [12] 

: 

 Myoglobin isoform 1 [Homo sapiens]Hemoglobin subunit beta 

[Homo sapiens]

 Lysozyme C precursor(Human Lysozyme)Lysozyme T4 (from 

Bacteriophage)

 (NCBI)GenBankPDBprotein data bank 

 FASTA

(Accession Number). 

.

. 

Hb β

Homologous

 

FASTAmyoglobin isoform 1[Homo sapiens] 



  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

97 
 

 :(2FASTA

FASTA

(3FASTA

 Lysozyme C

Peptidoglycan Lysozyme 

T4 chain A  T4 

. 

 

FASTALysozyme C precursor 

:(FASTALysozyme C precursor

FASTALysozyme T



 رستم ،  كشف تطابق التتابعات البروتينية في منطقة الشفق 

98 
 

 

:(5FASTALysozyme T

.

Global Alignmentmyoglobin isoform1beta-

globin Needleman-Wunsch  EMBOSS Needle

 .PAM250 

.



  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

99 
 

 (

22 

.

(7Lysozyme C precursor Lysozyme T



 رستم ،  كشف تطابق التتابعات البروتينية في منطقة الشفق 

100 
 

(7Lysozyme C precursor Lysozyme T

python

[13]

[14]

 



  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

101 
 

 𝑋𝑘 = ∑ 𝑋𝑛𝑒−
𝑖2𝜋𝑘𝑛

𝑁𝑁−1
𝑛=0 

  𝑓𝑘 =
𝑘

𝑁∗𝑇
                

 

 𝑇 =
1

𝑓𝑠
                   

• Xk: 

• : Xn  

• fk :k 

• k: 

• n 

• N: 

• T: 

• 𝑓𝑠 

k

xy

covariancexy

xy

 [15]

(4)          𝑟𝑥𝑦 =
∑ (𝑥𝑖−𝑥̅)(𝑦𝑖−𝑦̅)𝑛

𝑖=1

√∑ (𝑥𝑖−𝑥̅)2𝑛
𝑖=1 √∑ (𝑦𝑖−𝑦̅)2𝑛

𝑖=1

-

..



 رستم ،  كشف تطابق التتابعات البروتينية في منطقة الشفق 

102 
 

:(8

 

:(

Lysozyme C precursor(Human Lysozyme)

 



  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

103 
 

:(10Lysozyme C precursor(Human Lysozyme) 

Lysozyme T 

 :(11Lysozyme T 

Hemoglobin subunit beta



 رستم ،  كشف تطابق التتابعات البروتينية في منطقة الشفق 

104 
 

 :(Hemoglobin subunit beta 

 Myoglobin isoform 1

:(Myoglobin isoform 1 [Homo sapiens]

Myoglobin isoform 1Hemoglobin 

subunit beta 



  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

105 
 

:(14

(93%)

Needleman-Wunsch 

PAM250 (23.2%)

.

 

.

42

.Lysozyme C precursor(Human 

Lysozyme) 



 رستم ،  كشف تطابق التتابعات البروتينية في منطقة الشفق 

106 
 

 :(.Lysozyme C precursor(Human Lysozyme)

 Lysozyme T

 
 :(Lysozyme T

Lysozyme T.Lysozyme C precursor



  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

107 
 

:(17

94.3%

. 

[10,11]

 

 

 



 رستم ،  كشف تطابق التتابعات البروتينية في منطقة الشفق 

108 
 

:

  

• 

 

• . 

  

•  

•  

  

• PDB

 

• DSSPSTRIDE 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



  2025University Journal.eng. Sciences SeriesTartous( 12)العدد(  9) المجلد  الهندسية العلوم  طرطوس جامعة مجلة

 

109 
 

 

[1] Alzubi, O. A., Alzubi, J. A., Alweshah, M.,Qiqieh, I., Al-Shami, S., & 

Ramachandran, M. (2020). An optimal pruning algorithm of classifier ensembles: dynamic 

programming approach. Neural Computing and Applications, 32, 16091-16107. 

[2] Chao, J., Tang, F., & Xu, L. (2022). Developments in algorithms for sequence 

alignment: A review. Biomolecules, 12(4), 546. 

[3] szcześniak, M. W., Kubiak, M. R., Wanowska, E., & Makałowska, I. (2021). 

Comparative genomics in the search for conserved long noncoding RNAs. Essays in 

Biochemistry, 65(4), 741-749  

 

[4] Rost, B. (1999). Twilight zone of protein sequence alignments. Protein 

engineering, 12(2), 85-94.(twilight)  

[5] Needleman, S. B., & Wunsch, C. 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), 443-453.

[6] Pevsner, J. (2015). Bioinformatics and Functional Genomics (3rd ed.). John Wiley 

& Sons Inc. 

[7] Smith, T. F., & Waterman, M. S. (1981). Identification of common molecular 

subsequences. Journal of Molecular Biology, 147(1), 195-197.

 

[8] Dayhoff, M. O., Schwartz, R. M., & Orcutt, B. C. (1978). A model of evolutionary 

change in proteins. In Atlas of Protein Sequence and Structure (Vol. 5, Suppl. 3, pp. 345-

352). National Biomedical Research Foundation. 

[9] Rost, B. (1999). Twilight zone of protein sequence alignments. Protein 

Engineering, Design and Selection, 12(2), 85–94. 

[10] Iovino, B. G., & Ye, Y. (2024). Protein embedding based alignment. BMC 

Bioinformatics, 25, Article 85. 

[11] Lin, Z., Akin, H., Rao, R., et al. (2023). Language models of protein sequences at 

the scale of evolution enable accurate structure prediction. Nature, 614(7948), 343–350. 

[12] Laursen, L., Čalyševa, J., Gibson, T. J., & Jemth, P. (2021). Divergent evolution 

of a protein–protein interaction revealed through ancestral sequence reconstruction and 

resurrection. Molecular Biology and Evolution, 38(1), 152–167.  

[13] Alberts, B., Johnson, A., Lewis, J., Morgan, D., Raff, M., Roberts, K., & Walter, 

P. (2014). Molecular biology of the cell (6th ed.). Garland Science. 

[14] Rajaby, E., & Sayedi, S. M. (2022). A structured review of sparse fast Fourier 

transform algorithms. Digital Signal Processing, 123, 103403. 

 

[15] Schober, P., Boer, C., & Schwarte, L. A. (2018). Correlation coefficients: 

appropriate use and interpretation. Anesthesia & analgesia, 126(5), 1763-1768. 

 

 

 

 


