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Abstract

Protein is a very important biological macromolecule for organisms. When its primary structure is mutated, it
may cause disease. The emergence of protein sequence alignment can compare before and after the lesion to
understand the pathogen. Not only that, it can also predict the function, evolution and structure of protein
sequence through alignment. Based on this, this article summarizes and analyzes the more classic protein
sequence alignment models on the market, which has certain reference value and far-reaching significance for
the future development of protein sequence alignment.
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I. INTRODUCTION

Protein is a complex and important biological polymer, which maintains the growth, differentiation and
repair of biological cells. According to the structural level, it can be divided into primary, secondary, secondary
and quaternary structures[1]. The primary structure of protein is composed of the composition and arrangement
order of amino acids, which determines the high-level structure of the other three proteins, and then affects the
characteristics and functions of the protein.

However, many diseases occur because of changes in the primary structure. Sicklemia is a biological
change caused by the replacement of the 6th GLU on the HBS B-peptide chain by VAL. It will cause significant
changes in red blood cell function, which will cause hemolytic anemia and other symptoms[2]. AD (Alzhei-
mer's disease) is an extremely serious neurodegenerative disease, and its effects may last for years or even
decades. According to reports, AD patients currently account for about 60-80% of all dementia patients, and it
has become a serious social problem and research hotspot[3], so there is an urgent need to find a good diagnosis
and treatment method. Current studies have found that clearing A protein and regulating Tau protein play an
important role in the treatment of this disease, although many inherent details have not been fully revealed[4].
For another example, pancreatic cancer, liver cancer, lung cancer and other malignant tumors will have
abnormal protein expression in the early stage of the disease. Protein sequence alignment is the core of
bioinformatics. It is the most effective means to compare various biological sequences. It is the core data
structure of evolutionary analysis. It helps to understand the structural characteristics of new DNA and protein
sequences. It can compare similarities and different regions between sequences to obtain protein functional
similarity, structural motifs and evolutionary relationships[5]. It is possible to find pathogens and find
treatments. Therefore, protein sequence ratio is of great significance to biology and medicine[6].

Protein sequence alignment can be divided into the following two categories according to the number
of protein sequence alignments, namely protein paired sequence alignment and protein multiple sequence
alignment. Here, this article will briefly summarize and analyze the widely used protein pairwise sequence
alignment and protein multiple sequence alignment models on the market, so as to provide some ideas for the
direction of protein sequence alignment.

II. PROTEIN PAIR SEQUENCE ALIGNMENT

Protein pair sequence alignment is to select two partial fragments of the sequence to be compared
(which can be extended to all) and provide the greatest similarity[7]. It is a simple and fast method to find the
similarity and homology between two sequences, as shown in Figure 1.The following is the classic protein
paired sequence alignment model, as shown in Table 1, to expand: Altschul SF et al.[8] proposed the basic local
alignment search tool BLAST, now the most common and extremely rapid protein paired sequence alignment
method is to compare the input sequence with the sequence in the database, and quickly output the relationship
between the two sequences, and not only can the protein and protein sequence alignment, but also nucleic acid
sequence to protein library, nucleic acid sequence to nucleic acid library, protein sequence to nucleic acid
library and nucleic acid sequence to nucleic acid library and other methods. Pearson WR proposed FASTA[9],
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which only considers the identity of amino acids, so it is fast and selectable. The amino acids of two sequences
are scored by the PAM20 matrix. It is very effective to compare the sequence similarity of the loop-segmented
sequences whose length can be transformed. It allows spaces or gaps to be inserted in the comparison process.
Edgar RC[10] proposed UBLAST and USEARCH, respectively for local and global protein sequence
alignment, is a clustering method, it is to quickly find several good, high similarity sequences, not all
homologous sequences, so the speed is faster than BLAST, higher throughput, very suitable for NGS (next
generation sequencing, also known as high-throughput sequencing technology, large-scale parallel or deep DNA
sequencing technology[11]) classification. Pujari, J. J. et al.[12] proposed a semi-global sequence alignment
technique based on NCSGA. This model can detect the optimal number of gaps and their positions of the DNA
or protein sequences to be aligned and optimize them with genetic algorithms to obtain the best sequence
alignment score. This semi-global sequence alignment method is very accurate. Talibart, H et al.[13] proposed
using the Potts model to represent proteins and establishing a program PPalign based on an integer linear
programming formula to calculate the best sequence alignment in the processable time, which is significantly
better aligned than the uncoupled HHalign and PPalign.

EMBOSS_001 1 HDAPNQNDNDPAPWLYAHVTEALIWNIETFLQQONDQEKYLSQVFQQIAK 50
3055 001 PRSI T B eSS 50
EMBOSS 001 51 TVSVHHFWLHPFRTHETQNYYQLGSWEQVMTETNQND—WTVMWDIIPE 97
DS 001 51 L s e o0
EMBOSS 001 98 LFW 100
EMBOSS_001 98 I‘,ILJR 100

Figurel:Protein Pair-wise Sequence Alignment

Tablel: Relevant Studies on Protein Pair-wise Sequence Alignment

Author Model Target

Altschul SF et al. [8] | BLAST Protein local comparison search

Pearson WR et al FASTA Initn score calculations are especially useful for sequences that

[9] share sequence similarity areas variable-length loops

Edgar RC et al [10] UBLAST and USEARCH Enable critical local and global searches for large sequence
databases at extremely fast speeds

Pujari, J.J et al [12] Protein Pair-wise Sequence It automatically measures the alignment of a sequence of bases to

Alignment Based NCSGA determine the best score for a DNA or protein sequence

Talibart, H et al [13] | PPalign Optimized alignment using the Potts model with direct coupling

information

I1l. PROTEIN MULTIPLE SEQUENCE ALIGNMENT

Protein multi-sequence alignment is to arrange 3 or more protein sequences together, and the amino
acids in the same column are similar or the same to obtain the evolutionary connection of the query sequence, as
shown in Figure 2.The following is the classical protein multiple sequence alignment model, as shown in Table
2, expanded: Robert C Edgar[14] proposed MUSCLE protein multiple sequence alignment, in turn, through the
kmer count, logarithmic expected score function and tree to limit the partition method, accurate and fast output
results. Sievers F[15] proposed Clustal Omega, which can accurately and quickly align most protein sequences.
Used on a small test set, the accuracy can be very high, while on a larger data set, the quality is high and time-
consuming, and sequences and information can be added during protein comparison. Alawneh, L[16] proposed a
CPU-GPU hybrid parallel multiple sequence alignment method, which overcomes the scalability problems of
other technologies. It combines the functions of multi-core CPUs and contemporary GPUs, and can output
results extremely fast and effectively. O. Selvitopi[17] proposed the multi-sequence alignment software
PASTIS. It combines a sparse matrix with a fully distributed sequence dictionary to get a better output effect.
And without changing the basic sparse matrix, the original paranoia is replaced by amino acid sequences, and
then expanded to millions of protein sequences. Zafalon, G[18] proposed a protein multi-sequence alignment
method that mixes progressive and genetic algorithms. It uses the genetic algorithm part to generate multiple
sequence alignments, and then uses the progressive part to perform partial reordering. This eliminates the
propagation error problem of the progressive method and the local optimal problem of the genetic algorithm
part, and greatly improves the quality of the comparison results. Rehman, H. A [19] improved the bird swarm
algorithm BSA, and introduced multiple sequence alignment, thus proposed a new protein sequence alignment
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method EBSAA, which compared with genetic algorithm GA and particle swarm alignment algorithm PSAA,
the comparison effect is very good.

seqb HOHPQENNTYDASWLDVGAHTVLTNVITCEKMYYNTCGAWLGEVQWNGAKLEWLMGFNFE 60
seqd HOHPNQNDRDPASWLYAHTHQWL IWAIESFLOQYNDCESWLSHVFQNGAKLYSLMFFNFD 60
seql AHGNVSGAAAKDATEYDGVAAKLQTEICESVLQQVAMEQPLRQYFAYISRIVHESDENWN 60
seq? HHFNFSGANDYDAINYCHVAETLFTEICRLVLEELAQVTPIRQLFEYIWQIVSVHHENTN 60
seqd HEANRSGANDYQAWLHCHVTEALITQIHTDVQKQLDQEHPISQLWNQIANIVSVHHFWLN 60
seqd HDAPNQNDNDPAPWLYAHVTEALIWNIETFLQQONDQEKYLSQVFQQIAKIVSVHHFWLH 60
seqb ACCGPFGYRTGSK-GWHNDDHENHARYQMARNTGGISHTFD 100
seqd PHHHHFCTRGESE-GWHNDDTEHGNQDTGQWNWGI IPHLEW 100
seal KQFKEQNFFCWALSGCGENP-WCFGCEWWLLMAREQPLYIF 100
seq2 KDFREDTFNGWYLGGRFEDM-RCYAIKGWFLMDFEQPTNEF 100
seq3d PFRTEDTFNMYNLGDRFQVM-RCYRNDQWERMWSEFPTYFW 100
seqd PFRTHETQNYYQLGSWFQVM-TETNQNDWTVMWDI IPELEW 100

Figure2:Protein Multiple sequence alignment

Table2: Relevant Studies on Protein Multiple sequence alignment

Author Model Target
Robert C Edgar etal | MUSCLE Fast distance estimation using kmer counts, asymptotic alignment
[14] using the new contour function of log-expected fractions, and
refinement using tree-dependent restricted partitions
Sievers F et al [15] Clustal Omega Fast aligns almost any number of protein sequences and provides
accurate alignment
Alawneh, L et al CPU-GPU hybrid parallel The scalable multipair protein sequence alignment is accelerated
[16] Multiple sequence alignment using a hybrid CPU-GPU approach
O. Selvitopi et PASTIS Distributed many-to-many protein sequence alignment using
al[17] sparse matrices
Zafalon, Getal [18] | A Hybrid Approach based on A progressive approach is used to locally rearrange multiple
Progressive and Genetic sequence alignments generated by genetic algorithm-based tools
Algorithms
Rehman, H.A et EBSAA Enhanced flock alignment algorithm to determine the optimal
al[19] alignment between different sequences

IV. CONCLUSION
This paper expounds the importance of protein sequence alignment for biology and medicine, and

divides protein sequence alignment into two types: protein paired sequence alignment and protein multiple
sequence alignment, and summarizes their respective definitions, functions and some classic and widely used
models on the market, and lists the different scope of application and related principles of many protein
sequence alignment models, aiming to point out the direction for the development of protein sequence

alignment.
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