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A (mli (m/z) Fi 8]
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— B e
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Fig.2 The workflow of mass spectrometry data acquisition and three different DIA methods
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P R M, G R B T Lol LA
TR B T MELL X PR RHE R o SRIG A4 B
DIA B i 1, ARG R 4 2 SR T 43R i
FEAE T AT E B R . =9
T S ARSI 4 Rk (E13),

2.1 DIAZZRiEEEEMB T RIS

DIA 235 FEIRICH A B 7 10k 38 1 DE e — i 4]
IRRBERR A B IR 8, SEBRRBESERE . anfarfig bl
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Table 2 Commonly used software tools for spectral library search method
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Table 3 Commonly used software tools for protein database search method
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Table 4 Commonly used software tools for pseudo—MS/MS spectra identification method
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Abstract Data independent acquisition (DIA) is a rapidly developing proteomics technique in recent years,
which can theoretically achieve deep coverage of protein samples by collecting tandem mass spectra through
unbiased co-fragmentation of all precursors in the isolation window. It has the advantages of high throughput,
high reproducibility and high sensitivity. Current DIA data acquisition methods mainly include full-window
fragmentation method, isolation window sequential fragmentation method and four-dimensional DIA data
acquisition method (4D-DIA). The most commonly used data acquisition methods are SWATH or variable
window SWATH and DIA-PASEF methods. The tandem mass spectra collected by the full-window fragmentation
method contains precursor ions in the full m/z range, and the spectra analysis is complex. The isolation window
sequential fragmentation method reduces the number of precursor ions in tandem mass spectra and the size of the
isolation window through a variety of acquisition strategies, effectively reducing the complexity of spectra
interpretation. With the development of mass spectrometry instruments, the size of isolation window of the
tandem mass spectra acquired by DIA may be close to the size of DDA, enabling the integration of DIA and DDA
processes. The 4D-DIA method obtains the corresponding relationship between precursor and fragment ions
through additional data dimensions, which improve the selectivity of precursor and greatly reduce the complexity
of spectral analysis. The 4D-DIA method is also an important advance for future DIA data collection. According
to the characteristics of DIA data, relevant data analysis methods were designed, which mainly included spectral
library search method, protein database direct search method, pseudo-MS/MS spectra identification method and
de novo sequencing method, as showed in the figure above. The spectral library search method uses the spectral
library information for data extraction, which has high peptide identification sensitivity, but have certain
requirements on the quality and number of spectral libraries; the protein database direct search method does not
require preprocessing of tandem mass spectra and construction of spectral libraries, and directly matches the
theoretical tandem mass spectrum of peptide with experimental tandem mass spectrum, but the time complexity is
high; pseudo-MS/MS spectra identification method uses the spectra splitting algorithm to split the tandem mass
spectrum to obtain multiple pseudo-MS/MS spectra containing single peptide fragment ions, then combined with
traditional DDA software to search pseudo-MS/MS spectra; de novo sequencing method directly models the
pseudo-MS/MS spectrum through deep learning to predict peptides, has the advantage of identifying sequences of
new species, but it is difficult to guarantee the number and reliability of the identification results. The reliability
evaluation of the peptide-spectrum matches mainly includes re-ranking by machine learning and false discovery
rate estimation of the reported results. Although the DIA method has achieved rapid development in recent years,
and has better performance than DDA in terms of depth coverage, there are still shortcomings and improvement in
3 aspects: in-depth analysis, accurate identification and accurate quantification. With the optimization of mass
spectrometry acquisition and the development of data analysis, DIA acquisition technology can provide further
support for high throughput, full-coverage analysis of proteomics, especially in large cohort data analysis, after
further solving the above-mentioned shortcomings. All of them can obtain complete protein maps and explain
their underlying life laws, promoting the development of the field of proteomics. In this paper, the DIA data
collection method, data analysis method, software and identification result reliability assessment method are

sorted and reviewed, and the future development direction is prospected.
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