Sequence preprocessing
Amino acid window sliding technology
  The 20 amino acids are combined into a protein having structural information by a process of dehydration condensation. Proteins with different structural information perform different functions. The primary sequence structure of a protein is determined by the order of amino acids constituting the sequence, and the order of amino acids is affected by the order in which the genetic code is arranged. In addition to the primary structural features of proteins carrying large amounts of information, secondary and tertiary structures also play a key role in the final structure of the protein and are related to the primary structure. It can be seen that the sequence characteristics of proteins are the most basic characteristics of proteins. Therefore, in the field of post-translational modification of protein prediction, how to select and construct accurate and reasonable numerical matrices based on amino acid sequence is the key to subsequent analysis.
  The amino acid sliding window technique uses a specific amino acid as a sliding unit for sliding screening. It can locate all the central amino acids and capture the sequence fragments of the set window length, as shown in the following figure:
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Figure 1 Sliding window to intercept amino acid sequence fragments

In Figure 1, the string represents a sequence of amino acids of length 14 and the red box represents the window being slid. Suppose the central amino acid is lysine, represented by the letter "K". Suppose the length of the sliding window is 7, and it is required to take the central amino acid as the center point, and take 3 amino acids in the upstream and downstream. There are 3 K in the figure, so the total sequence is cut into 3 amino acid fragments of length 7, those are XSAKMKS", "AKWKSYN" and "MACKYXX", in which the length less than 7 is complemented by the letter "X". Different segments are different samples.
Feature construction
The process of converting an amino acid sequence into a numerical vector is called a feature construction. Amino acid sequences can be encoded in a variety of ways, such as: physicochemical properties (AAindex), K-space amino acid pair composition (CKSAAP), position-specific amino acid tendency (PSAAP), and position-specific propensity matrix (PSPM). Each amino acid can be represented by a capital letter, the specific representation is as follows: alanine (A), arginine (R), aspartic acid (D), cysteine (C), valley aminoamide (Q), glutamic acid (E), histidine (H), isoleucine (I), glycine (G), asparagine (N), leucine (L), lysine (K), methionine (M), phenylalanine (F), valine (P), serine (S), tryptophan (W), tyrosine (Y), valine ( V). A protein sequence can be represented using twenty amino acids plus a missing amino acid (X).
The eigenvector corresponding to the peptide P can be represented by the following formula:
              (1)
For convenience, the peptide is defined as:
                    (2)
Where  is any of the 20 natural amino acids.
Amino Acid Index (AAindex)
AAindex[1, 2] is a digital index database of various physicochemical and biochemical properties of amino acid and amino acid pairs. AAindex consists of three parts: AAindex1 is a list of 20 amino acid indices, AAindex2 is an amino acid substitution matrix, and AAindex3 is a list of contact potential indices for amino acid pairs. The amino acid database contains 566 indicators for describing the physical and chemical properties of each amino acid. This paper selects 14 indicators, so the AAindex encodes a protein with a vector of 14×L (which is the length of the amino acid sequence). The 14 indicators are hydrophobic, polarity, polarizability, solvent, accessibility, net charge index of side chains, molecular weight, PK-N, PK-C, melting point, optical rotation, entropy of formation, heat capacity and absolute entropy.
Composition of K-space amino acid pairs (CKSAAP)



CKSAAP[3, 4] encodes each protein sample into a 400-dimensional vector as follows: . Where ,  represents the amount of  amino acids between the -th amino acid and the -th amino acid in the protein sample. Define the amino acid pair as . The frequency  of all possible amino acid pairs is defined as:
(3)
Position weight matrix (PWM)
PWM[5, 6] describes the frequency at which different amino acids appear at different positions in a sequence fragment, and is obtained by counting the frequency of 20 amino acids at different positions in all amino acid sequence fragments in the training set. Suppose the sequence length is L. If a row is used to represent an amino acid, the column indicates the position of the amino acid in the sequence fragment. Then the value of the i-th row and the j-th column of the PWM matrix indicates the frequency at which the i-th amino acid appears at the j-th position of the sequence fragment, where . The sequence segment is encoded by an L-dimensional vector, and each dimension is the frequency at which the amino acid in the sequence appears at the corresponding position, that is, the corresponding value of the amino acid in the corresponding position of the PWM matrix.
Reduced Alphabet
According to the physicochemical properties of amino acids, biologists divide 20 amino acids into several groups[7, 8]. Different physicochemical properties are used for different groups. Reduced Alphabet is encoded according to amino acid grouping, and each amino acid encoding vector has the same dimensions as the number of groups. It is encoded by a binary vector, and Table 1 is the four grouping methods and encoding results.
Table 1 Reduced alphabetic code list
	The number of groups
	Type
	Amnio acid
	Code

	
three
	Polar
Neutral
hydrophobic
	RKEDQN
GASTPHY
CVLIMFW
	001
010
100

	
four
	Acidic
Basic
Polar
Nonpolar
	DE
HKR
CGNQSTY
AFILMPVW
	0001
0010
0100
1000

	

seven
	Acidic
Basic
Aromatic
Amide
Small hydroxyl
Sulfur-containing
Aliphatic
	DE
HKR
FYW
NQ
ST
CM
AGPILV
	0000001
0000010
0000100
0001000
0010000
0100000
1000000

	



eight
	Acidic
Basic
Aromatic
Amide
Small hydroxyl
Sulfur-containing
Aliphatic 1
Aliphatic 2
	ED
HKR
FYW
NQ
ST
CM
AGP
ILV
	00000001
00000010
00000100
00001000
00010000
00100000
01000000
10000000


Amyloidogenic region (FoldAmyloid)
The amyloidogenic region of the polypeptide chain is important because these regions are responsible for the formation and aggregation of amyloid. Therefore, it is useful to predict the location of the amyloidogenic region in the protein chain. FoldAmyloid[9] is a method for predicting amyloidogenic regions from protein sequences, introducing two features (expected probability of hydrogen bond formation and expected packing density of residues) to detect amyloidogenic regions in protein sequences. The experimental results show that the region with high skeleton-main chain hydrogen bond formation expected probability and the region with high expected bulk density are the main reasons for amyloid fibril formation. FoldAmyloid has been tested on a data set of 407 peptides and has shown good performance in predicting peptide status. The FoldAmyloid server is available at http://antares.protres.ru/fold-amyloid/.
Binary code (BE)
Binary coding is the most basic sequence coding method[10, 11]. In this paper, each of the 21 different amino acids (20 amino acids plus "X") is coded as a 21-dimensional vector containing only 0 and 1. Arrange amino acids in the order of ARNDCQEGHILKMFPSTWYVX.Amino acid A is represented by (1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0), and R is represented (0,1,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0,0). Therefore, the dimension of the binary coded vector of each sample is 21 × L.
Parallel related pseudo amino acid composition (PC-PseAAC)
PC-PseAAC[12, 13] is a method of merging continuous local sequence order information and global sequence order information into feature vectors of protein sequences. Given a protein sequence P (formula 2), define the PC-PseAAC feature vector for P:
                (4)
Among them:
(5)
Where  is the normalized frequency of occurrence of 20 natural amino acids in protein P. The parameter λ is an integer representing the highest count of correlations along the protein sequence; w is a weighting factor ranging from 0 to 1;  is called the j-layer correlation factor, reflecting the sequence order correlation between all j-th most contiguous residues along the protein chain, which is defined as follows:
 (6)
Where the correlation function is given by:

(7)
Where ,  and  are the hydrophobicity value, hydrophilicity value and side chain mass. Before substituting the values of hydrophobicity, hydrophilicity and side chain mass into Formula 7, they all need to be standardized, as described below:
(8)
  Where  is the original hydrophobicity value of the i-th amino acid,  is the corresponding original hydrophilicity value, and  is the i-th amino acid side chain mass.  represents 20 natural amino acids according to the alphabetical order of their one-letter codes: A, C, D, E, F, G, H, I, K, L, M, N, P, Q, R, S, T, V, W and Y.
Sequence-related pseudo amino acid composition (SC-PseAAC)
SC-PseAAC is a variant of PC-PseAAC. Given a protein sequence P (Formula 2), define the SC-PseAAC eigenvector of P:
      (9)
among them:
(10)
Where  is the normalized frequency of occurrence of 20 natural amino acids in protein P. The parameter λ is an integer representing the highest count of correlations along the protein sequence; w is a weighting factor ranging from 0 to 1.  is the j-th sequence related factor, reflecting the sequence order correlation between all the most adjacent residues in the protein sequence, defined as:
(11)
Where  and  are correlation functions of hydrophobicity and hydrophilicity:
(12)
Here  and  are the hydrophobic and hydrophilic values of the i-th () amino acids in the protein segment.
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