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Mass spectrometry is the driving force behind current brain proteome analysis. In a

typical proteomics approach, a protein isolate is digested into tryptic peptides and then

analyzed by liquid chromatography–mass spectrometry. The recent advancements in

data independent acquisition (DIA) mass spectrometry provide higher sensitivity and

protein coverage than the classic data dependent acquisition. DIA cycles through a

pre-defined set of peptide precursor isolation windows stepping through 400–1,200

m/z across the whole liquid chromatography gradient. All peptides within an isolation

window are fragmented simultaneously and detected by tandem mass spectrometry.

Peptides are identified by matching the ion peaks in a mass spectrum to a spectral library

that contains information of the peptide fragment ions’ pattern and its chromatography

elution time. Currently, there are several reports on DIA in brain research, in particular

the quantitative analysis of cellular and synaptic proteomes to reveal the spatial and/or

temporal changes of proteins that underlie neuronal plasticity and disease mechanisms.

Protocols in DIA are continuously improving in both acquisition and data analysis. The

depth of analysis is currently approaching proteome-wide coverage, while maintaining

high reproducibility in a stable and standardisableMS environment. DIA can be positioned

as the method of choice for routine proteome analysis in basic brain research and

clinical applications.
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INTRODUCTION

The brain is the most complex organ in the human body. It consists of about 85 billion neurons
of different types, and an equal number of non-neuronal cells (Herculano-Houzel, 2009). The
neurons communicate within the central nervous system and with the body periphery through
the use of hundreds of trillions of synapses for neurotransmission. In support of these, glia cells
nourish the brain and in part regulate neurotransmission (Allen, 2014). The brain’s computational
capacity to act as signal receiver, integrator, and output device crucially depends on its neuronal
network connectivity and synaptic features (Caroni et al., 2012). In particular, activity-dependent
plasticity of synapses in specific brain regions is thought to underlie learning and memory
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(von Engelhardt et al., 2010; Humeau and Choquet, 2019),
whereas aberrant spatial-temporal changes of cells and
synapses/organelles are underlying causes of psychiatric
and neurodegenerative disorders (Counotte et al., 2011;
Kanellopoulos et al., 2020).

Over the last decade, advances in mass spectrometry-based
proteomics have contributed significantly to the understanding
of the underlying molecular mechanisms at stake in health
and disease. In particular, proteomics has been extensively used
to catalog protein constituents, specifically the synapse. More
recently, quantitative proteomics that interrogates thousands of
proteins has been applied to examine specific regions of the
brain (Sharma et al., 2015), synaptic proteomes (Biesemann et al.,
2014; Loh et al., 2016; Pandya et al., 2017), neurodegenerative
brain tissues (Hondius et al., 2016; Li et al., 2019; Bai et al.,
2020; Johnson et al., 2020), and cell cultures (Frese et al., 2017).
Although data dependent acquisition (DDA) has been the most
commonly used comprehensive and quantitative proteomics
methodology, more recently, data independent acquisition (DIA)
has gained popularity due to its improved detection and
quantitation. Multiplexed proteomics, based on isobaric mass
tags such as the commercially available iTRAQ and TMT
reagents, is another popular quantitative proteomics technology
that allows the simultaneous identification and quantitation of
up to 16 samples (using TMTpro 16-plex labeling reagents). This
method is outside the scope of the present review; we refer the
reader to another recent review (Pappireddi et al., 2019).

QUANTITATIVE PROTEOMICS BY DATA
DEPENDENT ACQUISITION (DDA)

Proteomics critically depends on the use of a mass spectrometer
(MS) with good mass accuracy and high sensitivity. In a
typical proteomics approach, proteins biochemically extracted
from the tissue or organelle of interest are enzymatically
digested into tryptic peptides. Peptides are fractionated by liquid
chromatography (LC), usually based on their hydrophobicity on
a reversed phase column. The eluted peptides are electro-sprayed
online into the MS for analysis.

DDA has been the predominant method for quantitative
proteomics. The eluted peptides from LC are detected by
first stage MS1 generally within a mass range 400–1,200
m/z. A fixed number of most abundant peptides are then
selected sequentially for second stage tandem mass spectrometry
(MS/MS). Depending on the scan speed and sensitivity of the
MS, 3–20 MS/MS can be performed in each cycle. Once the
high intensity peak has been sequenced it will be excluded for
re-analysis so that less abundant peptides can be identified.
MS/MS of each selected precursor generates a fragment ion
spectrum, which can be compared to all predicted fragments for
all hypothetical peptides of the appropriate molecular mass. The
most common format for this protein sequence database is the
FASTA format. Each peptide match can then be linked to its
corresponding protein.

In case there are more co-eluted peptides than the maximum
number of MS/MS performed, the less abundant ones would

not be selected for MS/MS and escape identification (Michalski
et al., 2011). Furthermore, due to the semi-stochastic nature
of precursor selection for MS/MS, each peptide may not
be consistently detected in all samples, resulting in many
missing values.

A single cycle of MS1 and MS/MS analysis usually takes 2–3 s,
but it can vary depending on the LC-MS configuration. The MS
switches back to the MS1 to detect and quantify the peptides and
repeat the sequential MS/MS analysis. For accurate quantitation,
enough data points should be acquired to accurately observe each
peptide’s elution profile. The total peptide peak area under the
MS1 elution profile represents the quantity of the peptide. An
alternative method is spectral counting where quantification of
a protein relies on the number of spectra identified. The run
time per LC-MS/MS is often between 0.5 and 2 h, but longer run
times have also been reported that could increase the number of
identified proteins (Muntel et al., 2019).

DATA INDEPENDENT ACQUISITION (DIA)
IS EMERGING AS METHOD OF CHOICE
FOR QUANTITATIVE PROTEOMICS

DIA (Ludwig et al., 2018; Zhang et al., 2020), also known as
SWATH (Liu et al., 2013), enables the quantitation of thousands
of proteins with low variation and high reproducibility, as
demonstrated in a multi-laboratory evaluation study (Collins
et al., 2017). In principle, DIA interrogates all peptides within
the selected m/z windows, typically between 400 and 1,200 m/z,
that contain >90% of all tryptic peptides (Koopmans et al.,
2018a; Pino et al., 2020). First, the MS1 scans the entire mass
range in one go. In the MS/MS mode, the precursor isolation
window of 25 m/z is initially set at, for example, 400–425 m/z.
All the peptides within this mass range would be fragmented
and detected simultaneously for 50–100ms. Then, the isolation
window steps up by another 25 m/z to 425–450 m/z for peptide
fragmentation and detection. This process repeats 32 times,
stepping through the whole mass range. A single cycle of MS1
and MS/MS usually takes 3 s, and cycles through the whole
LC gradient. As MS/MS fragments, all the peptide precursors
within a mass range of interest are used, and a highly complex
fragment ion mass spectrum is generated. This is challenging for
data analysis using a conventional genome-wide species-specific
database. While proteins from DIA data can be identified by
using a search engine, such as DIA-Umpire (Tsou et al., 2015),
PECAN (Ting et al., 2017), or DirectDIA (Koopmans et al.,
2018a; Muntel et al., 2019) in Spectronaut, a higher coverage
of protein identities is achieved when the search is performed
with a project-specific spectral library (Koopmans et al., 2018a).
A project-specific spectral library is typically acquired from
multiple fractionated DDA analysis of the same type of sample
on the same instrument, and searched against a protein sequence
database to identify peptides. The library is comprised of the
elution time of each identified peptide and its fragment ions’
pattern. Matching of the elution time and fragment ions’ pattern
from the DIA data to the spectral library aids with peptide
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detection. DIA MS/MS quantification is reported as the sum of
the integrated fragment ion peak areas.

For a complex sample, the 25 m/z window may contain too
many peptides that could create an interference problem, i.e.,
some fragment ions from different co-eluted precursors may have
very similar masses and be difficult to distinguish. Furthermore,
the fragment ion intensities of the lower abundant peptides may
be suppressed. For this reason, current DIA protocols often use
isolation windows <10 m/z. However, this narrower isolation
window requires more MS/MS steps per cycle to cover the same
overall m/z range, which increases the cycle time and therefore
reduces the number of measurement points per peptide. This
could compromise quantitation. An alternative is to use variable
isolation windows. For example, a narrower window is set for
mass ranges within 400–800m/z because the majority of peptides
are contained in this mass range, and a wider window for >800
m/z that has a lower peptide complexity.

DIA is finding various applications in brain research
(Figure 1). An early study examined the synaptic proteome in
Alzheimer’s disease patients (Chang et al., 2015), however, it still
had to rely on the use of a sub-optimal data analysis tool. Easy to
use and reliable DIA analysis platforms have since been launched,
in particular the popular commercial software Spectronaut
(Bruderer et al., 2015), the open-source OpenSWATH (Rost et al.,
2014), EncyclopeDIA (Searle et al., 2018), Skyline (Egertson et al.,
2015), the more recently developed DIA-NN (Demichev et al.,
2020), DIA-Umpire that allows DirectDIA (Tsou et al., 2015), and
more [see overview in Zhang et al. (2020)].

APPLICATION OF DIA FOR BRAIN
RESEARCH

DIA has been applied successfully for the comparative analysis
of hippocampal synaptosome preparations from two rodent
and two primate species (Koopmans et al., 2018b). A time-
of-flight mass spectrometer was used for the measurement.
The spectral library contained about 3,600 proteins that were
generated from the same samples and measured on the same
mass spectrometer operated in DDA mode. Peptides that were
unique to one species were excluded for data analysis, resulting
in the full comparative quantification of about 2,000 proteins.
When comparing mouse with human, there were 644 proteins
with higher abundance in human and 663 proteins with higher
abundance in mouse. Of particular note were the sodium
channels, in which specific subunits had a strong differential
expression profile between rodents and primates. As sodium
channels are involved in the formation and propagation of action
potentials, the differences in expression pattern may qualify them
for the distinct physiology of human neurons (Testa-Silva et al.,
2014). When considering the changes globally, the differentially
expressed proteins were highly enriched for synaptic plasticity-
related processes. A similar mouse synaptosome preparation
has also been analyzed by another high-end mass spectrometer,
the Orbitrap Fusion Lumos, using a similar LC gradient as the
previous experiment. About 4,600 proteins were quantified by
DIA from a spectral library of about 5,000 proteins (Koopmans

et al., 2018a), demonstrating the increase in protein coverage
from technological advancement.

DIA has also been used for the analysis of whole cell lysates
that are more complex than isolated organelles. Two recent
studies have reported protein changes in primary neuronal
culture after knockdown of candidate genes of interest (Rosato
et al., 2019) or overexpression of a microRNA (He et al., 2018)
related to schizophrenia. Currently, there are >100 known
independent genetic risk loci associated with schizophrenia
(Schizophrenia Working Group of the Psychiatric Genomics,
2014), but their contribution to the disease is unclear. Rosato
et al. (2019) examined the neuronal phenotypes by knocking
down 41 risk genes each by shRNA, and showed that three of
them, Tcf4, Tbr1, and Top3b, caused similar changes in synaptic
development. DIA analysis of the neuronal cultures with the
individual knockdown of these three genes revealed limited
overlap in protein changes. Interestingly, when the effect of
Tcf4, Tbr1, and Top3b knockdown of all 210 regulated proteins
was taken together, protein-protein interaction enrichment
analysis identified a set of proteins involved in neurotransmitter
release, including the core proteins SNAP25, SNAP29, NAPB,
STX7, and STXBP5. This strongly suggests that polygenic
risk in schizophrenia may converge onto common cellular
pathways. The mir-137 locus is another genetic risk factor for
schizophrenia. He et al. (2018) overexpressed mir-137 in primary
neuronal culture, and showed by DIA that the proteins that
changed significantly were enriched for cell adhesion and cell
development, including NFASC, NLGN, NRXN, and HAPLN.
Together with the electrophysiological and morphological data,
it was concluded that mir-137 regulates synaptic function
by regulating synaptogenesis, synaptic ultrastructure, and
synapse function.

A recent study has used DIA to quantify the dynamics of a
thousand surface N-glycoproteins in primary cortical neurons
at 4, 6, 8, 16, 18, and 20 days in vitro (van Oostrum et al.,
2020). Most surface protein abundance changes occurred within
the first week prior to the time window for synapse formation.
Interestingly, many synaptic proteins were present on the surface
at the time when synapse counts began to increase, and they
reached peak abundance 2 days before the peak of synapse
counts at 18 days in vitro. This suggests that many synaptic
proteins are produced and trafficked to the membrane surface
before synapses are formed and only later are these proteins
organized into synaptic micro-domains by surface diffusion. In
another experimental paradigm that induced synaptic scaling
by activation or inhibition of neuronal activity, about 30%
of the surface proteins showed significant changes whereas
total proteome showed <10% significant changes. This also
suggests an extensive dynamic reorganization of the neuronal
membrane surface that is largely independent of global protein
abundance change. Both these studies demonstrate the successful
implementation of DIA in the neuroscience field.

DIA is capable of analyzing very complex samples, such as a
brain tissue extract. Bruderer (Bruderer et al., 2017) optimized
the DIA protocol with a Q-Exactive HF mass spectrometer to
examine the developmental changes of about 6,000 proteins
in mouse somatosensory cortex 1-barrel field at P9, P15, P30,
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FIGURE 1 | Summary of current applications and advances of DIA mass spectrometry in neuroproteomics. Several studies (purple) have successfully applied DIA

mass spectrometry for the quantification of the brain proteome, including the analysis of developmental and pathological protein changes. Recent advances in DIA

(green) have allowed the reliable quantification of a higher number of proteins in less time by the development of acquisition methods and improved references

databases, either empirical, predicted, or hybrid libraries.

and P54. During early development, synaptic transmission-
related proteins displayed a strong increase in expression and
leveled off thereafter. Proteins of the mitochondrial respiratory
chain showed a smooth increase over the whole developmental
period. The down regulated proteins belonged to functional
groups involved in axonogenesis, RNA splicing, or UBL
conjugation processes.

DIA has also found application in some specific research
fields, including the analysis of neuropeptides in mammals (Saidi

et al., 2019) and in invertebrate model systems (DeLaney and Li,
2019), and the reporting of increase in detection of G-protein
coupled receptors when a targeted virtual library is applied on top
of the original project-specific spectral library (Lou et al., 2020).

RECENT ADVANCEMENT OF DIA

DIA is rapidly improving and approaching proteome-wide
levels of detection. Advancements are achieved through better
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acquisition protocols and innovative computational data analysis
(Figure 1), in conjunction with increased MS sensitivity and
scan rate.

An early form of DIA, the MSE, was first introduced in
2005 (Silva et al., 2005). It uses a wide band-pass filter for
precursor selection, resulting in highly complex fragment ion
spectra in MSE workflows that is challenging for data analysis.
More recently, the coupling of an ion-mobility device to the
mass spectrometer offers the possibility to fragment precursor
ions after ion-mobility separation, thereby reducing complexity.
Furthermore, the ramping of collision energies according to
ion mobility improved the fragmentation efficiency and hence
peptide identification rates (Distler et al., 2016). MSE has been
applied to study the effect of hippocampal proteins with the
goal of determining protein alteration associated with low-dose
whole body ionizing radiation on the changes of the hippocampal
proteome. Out of about 400 identified proteins, about 70 have
shown significant alteration (Huang et al., 2016). Using a similar
approach, more than 2,000 proteins have been identified from
post-synaptic density (Distler et al., 2014).

Recent algorithmic developments led to predicted spectral
libraries that can be used instead of empirical libraries, with a
performance on par in some settings/situations. Furthermore,
the combined use of the predicted and empirical spectral
libraries seems to improve the search results. Deep-learning-
based models (Zhou et al., 2017; Gabriels et al., 2019; Tran et al.,
2019) with neural networks have been applied on large DDA
datasets to learn features of peptide fragment ions and their
chromatographic retention time. For example, Prosit (Gessulat
et al., 2019) used the ProteomeTools resource that contains
21,764,501 high-quality spectra from 576,256 unique precursors
belonging to the synthetic peptide library that together covers
19,749 of the 20,040 human protein coding genes. The training
enables subsequent prediction of relative intensities of peptide
fragments and retention time, from which an extensive and
precise predicted spectral library can be generated. One caveat
to use all possible tryptic peptides in a database is its huge
number contributing to false discovery rate correction, while
the majority of the peptides are not detected. To mitigate this
problem a hybrid method has been developed. A subset of the
biological samples is analyzed by DIA with a narrow precursor
isolation window and searched with the predicted spectral library
(Searle et al., 2020; Van Puyvelde et al., 2020). The resulting data
forms an empirically corrected library for database search. As
the DIA injections for the empirically corrected library uses the
same acquisition parameters, chromatographic conditions, and
sample matrix as quantitative single injection DIA experiments,
it gives an improved peptide detection rate over searching a
project-specific DDA library. Recently, the deep learning model
for spectrum prediction has been extended to include the post-
translation modifications of the peptides (Zeng et al., 2019). An
alternative strategy is to construct a hybrid library from the
combined project-specific library with the directDIA analysis
(Muntel et al., 2019; Zhong et al., 2020). With a LC gradient of
4 h or longer in a single shot analysis,>10,000 proteins have been
quantified with the hybrid library at 1% protein FDR (Muntel
et al., 2019).

The dynamic post-translation modification is an important
molecular event that may change the properties of the
protein, such as its activity, stability, subcellular localization,
and interactions with other proteins. DIA is applicable to
quantify post-translational modifications at a high through-
put manner, as exemplified by a recent study (Bekker-
Jensen et al., 2020). The phosphoproteome of retinal pigment
epithelium cells was analyzed from 200 µg of whole-cell tryptic
digests and enriched by Ti-IMAC. A short run time with
15-min liquid chromatography gradients identified about 20,000
phosphopeptides by DDA. The number of phosphopeptides was
substantially increased to about 30,000 using a project-specific
spectral library.

In addition, there are other less explored but equally
promising DIA methodologies. In Scanning SWATH, precursor
ions are fragmented using a “scanning” isolation window of 5
m/z, which is continuously scanned with the first quadrupole
rather than the conventional DIA that used the stepwise
windowed acquisition. The workflow quantified 2000–3000
proteins in 5–10min run-time and can measure around 180
samples/day (https://doi.org/10.1101/656793). In another study,
DIA has been coupled to the “parallel accumulation followed
by serial fragmentation” in a trapped ion mobility quadrupole-
TOF mass spectrometer for diaPASEF analysis (https://doi.org/
10.1101/656207). Using a 17-min gradient separation (50 samples
per day), about 6,000 proteins were quantified per sample. Higher
throughput is feasible with 5min gradients (180 samples per
day), but the protein identification is then decreased to about
2,800 proteins. When a high resolution-high mass accuracy MS
is used, DIA can be measured at the MS1 level, for example using
WiSIM (Koopmans et al., 2018a) and BoxCar (Meier et al., 2018).
In particular, the BoxCar-library-based workflow was shown to
identify 10,000 protein groups from themouse cerebellum extract
in a single shot 100min MS run (Meier et al., 2018).

ALTERNATIVE METHODOLOGIES
APPLICABLE TO QUANTITATIVE
PROTEOMICS

It is reported that DIA is superior to DDA in reproducibility,
specificity, and accuracy of relative protein quantification
(Barkovits et al., 2020). Nevertheless, the apparent deficit of DDA
can be offset with innovations in data analysis. The IonStar
software demonstrated the quantification of 7,000 proteins in
100 brain samples with no missing data (Shen et al., 2018). A
recent study demonstrated that using a spectral library search
in DDA, in a manner similar to a DIA data analysis strategy,
led to substantial improvement of reproducibility in protein
identification and quantitation with lower coefficient of variation
and reduced missing values (Fernandez-Costa et al., 2020).

In cases where a spectral library may not be readily obtainable,
for instance when only limited input samples are available, DDA
could be a better analysis choice. The use of a mass spectrometer
gas phase cleavable chemical crosslinker to examine protein-
protein interactions has recently been successfully applied to
elucidate a global protein interactome in the synapse; around
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12,000 unique lysine crosslinks from 2,362 proteins were
identified (Gonzalez-Lozano et al., 2020). Given the stochastic
nature of intra- and inter-protein crosslinking events at various
lysine sites, a single spectral library for their identification is not
favorable and therefore DDAwas used. In experiments where the
identification of peptides is the main goal, DDA is generally the
method of choice.

Recently, proteomics analysis at the single cell level has been
demonstrated, where isobaric labeling of samples with TMT
measured by DDA improved sensitivity by the stacking effect
of pooling TMT-labeled samples, in addition to the increase in
through-put from the simultaneous analysis of multiple samples
(Dou et al., 2019; Tsai et al., 2020).

For peptides specific to a low abundant protein-isoform or
post-translational modifications present in a highly complex
background, such as total tissue lysate, DIAmay not have enough
sensitivity and specificity for their detection and quantitation.
In these cases, a targeted DIA strategy, the parallel reaction
monitoring assay (Rauniyar, 2015), that focuses on tens to
hundreds of pre-defined peptides and provides several fold
higher sensitivity than DIA, could be a better choice, but only
for the selected proteins of interest.

Therefore, for quantitative proteomics to be optimal the
selection of a method, and specifically the advantages and
limitations for the analysis of the samples, needs consideration.
Isobaric multiplexing with isobaric labeling is advantageous for
quantitation of a small sample size that matches the number
of the available tags, for example a maximum of eight samples
for iTRAQ and 16 for TMT. DDA is the method for label-free
quantitation and is especially useful for experimental designs
with only a few samples or specific applications, such as
crosslink experiments. A parallel reaction monitoring assay has
the highest sensitivity and specificity, and can be adopted for
high throughput workflow on selected peptides/proteins. DIA
is applicable to general quantitative proteomics. Due to its low
missing value and good reproducibility, DIA has good potential
for large-scale quantitative proteomics.

CONCLUSION AND FUTURE OUTLOOK

When is DIA the method of choice, and how could it advance
our knowledge of brain function and disorders? Previous
studies demonstrated the general applicability of DIA for
neuroscience studies, including the analysis of the synapse,
primary neuronal culture, brain tissues, human stem cells
derived neurons and glial cells, and the dynamics of neuronal
membrane proteins. These studies characterized the proteomes
from mostly large populations of organelles or cells. For
example, the synapse proteome characterized by proteomics

is an average of all synapses isolated from a brain region
(Pandya et al., 2017; Koopmans et al., 2018b). However, the
size, shape, and functioning of synapses changes with neuronal
activity, implicating compositional adaptation of their proteomes
(Mansilla et al., 2018; Kulik et al., 2019). Important questions
that have remained unanswered relate to the extent of the
molecular diversity of synapses and how changes in synapse
protein composition connect to neurological and psychiatric
disorders. As DIA can be used for the analysis of multiple samples
while maintaining good reproducibility and a low number of
missing values, it would be used for systematic interrogation
of these organelles under various conditions. Similar strategies
will be applied to the studies of specific cell types and their
proteome changes.

Considering that DIA has high-throughput capability
with deep proteome analysis and good sensitivity, it is an
advantageous method to be integrated in a platform for large-
scale biomarker studies. For example, cerebrospinal fluid and
blood proteome may be measured in a clinical environment
as a routine diagnostical screen to reveal brain disorders and
their disease stages. The feasibility to perform such large-scale
analysis was recently demonstrated on the analysis of nearly
200 cerebrospinal fluid samples from Alzheimer’s disease
patients and healthy controls. Each DIA experiment quantified
approximately a thousand proteins from a few microliters
of sample (Bader et al., 2020). In the future, standardization
of DIA protocols should be developed and adopted by large
communities for meaningful comparison and interpretation of
data, and to minimize batch effects across different laboratories.

Neurological and psychiatric disorders are frequently
heterogeneous in nature. Each may further exhibit typical
spatio-temporal malfunctions in the brain. Often, large sample
sizes are necessary to reveal the global and subtype-specific
analysis of the diseases. DIA, with its high reproducibility
and low missing values, and good coverage of the proteome,
is the preferred choice for such analysis. To accommodate
comparative analysis of high numbers of samples, multi-
laboratory projects would benefit from DIA. To be successful,
standardization of protocols and hardware used for data
acquisition, and the unified downstream data analysis, should be
firmly established.

AUTHOR CONTRIBUTIONS

KL wrote the manuscript. MG-L drew the figure and critically
reviewed the manuscript. FK provided input on all aspects of
proteomics/DIA. AS assisted the writing of the manuscript.
All authors contributed to the article and approved the
submitted version.

REFERENCES

Allen, N. J. (2014). Synaptic plasticity: astrocytes wrap it

up. Curr. Biol. 24, R697–699. doi: 10.1016/j.cub.2014.

06.030

Bader, J. M., Geyer, P. E., Muller, J. B., Strauss, M. T., Koch, M., Leypoldt, F., et al.

(2020). Proteome profiling in cerebrospinal fluid reveals novel biomarkers of

Alzheimer’s disease.Mol. Syst. Biol. 16:e9356. doi: 10.15252/msb.20199356

Bai, B., Wang, X., Li, Y., Chen, P. C., Yu, K., Dey, K. K., et al. (2020).

Deep multilayer brain proteomics identifies molecular networks

Frontiers in Molecular Neuroscience | www.frontiersin.org 6 December 2020 | Volume 13 | Article 564446

https://doi.org/10.1016/j.cub.2014.06.030
https://doi.org/10.15252/msb.20199356
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/molecular-neuroscience#articles


Li et al. DIA for Neuroproteomics

in alzheimer’s disease progression. Neuron. 105, 975–991.e977.

doi: 10.1016/j.neuron.2019.12.015

Barkovits, K., Pacharra, S., Pfeiffer, K., Steinbach, S., Eisenacher, M., Marcus,

K., et al. (2020). Reproducibility, specificity and accuracy of relative

quantification using spectral library-based data-independent acquisition. Mol.

Cell. Proteomics 19, 181–197. doi: 10.1074/mcp.RA119.001714

Bekker-Jensen, D. B., Bernhardt, O. M., Hogrebe, A., Martinez-Val, A., Verbeke,

L., Gandhi, T., et al. (2020). Rapid and site-specific deep phosphoproteome

profiling by data-independent acquisition without the need for spectral

libraries. Nat. Commun. 11:787. doi: 10.1038/s41467-020-14609-1

Biesemann, C., Gronborg, M., Luquet, E., Wichert, S. P., Bernard, V., Bungers,

S. R., et al. (2014). Proteomic screening of glutamatergic mouse brain

synaptosomes isolated by fluorescence activated sorting. EMBO J. 33, 157–170.

doi: 10.1002/embj.201386120

Bruderer, R., Bernhardt, O. M., Gandhi, T., Miladinovic, S. M., Cheng, L. Y.,

Messner, S., et al. (2015). Extending the limits of quantitative proteome

profiling with data-independent acquisition and application to acetaminophen-

treated three-dimensional liver microtissues. Mol. Cell. Proteomics 14,

1400–1410. doi: 10.1074/mcp.M114.044305

Bruderer, R., Bernhardt, O. M., Gandhi, T., Xuan, Y., Sondermann, J., Schmidt,

M., et al. (2017). Optimization of experimental parameters in data-independent

mass spectrometry significantly increases depth and reproducibility of results.

Mol. Cell. Proteomics 16, 2296–2309. doi: 10.1074/mcp.RA117.000314

Caroni, P., Donato, F., and Muller, D. (2012). Structural plasticity upon learning:

regulation and functions.Nat. Rev. Neurosci. 13, 478–490. doi: 10.1038/nrn3258

Chang, R. Y., Etheridge, N., Nouwens, A. S., and Dodd, P. R. (2015). SWATH

analysis of the synaptic proteome in Alzheimer’s disease. Neurochem. Int. 87,

1–12. doi: 10.1016/j.neuint.2015.04.004

Collins, B. C., Hunter, C. L., Liu, Y., Schilling, B., Rosenberger, G., Bader, S. L.,

et al. (2017). Multi-laboratory assessment of reproducibility, qualitative and

quantitative performance of SWATH-mass spectrometry.Nat. Commun. 8:291.

doi: 10.1038/s41467-017-00249-5

Counotte, D. S., Goriounova, N. A., Li, K. W., Loos, M., van der Schors, R. C.,

Schetters, D., et al. (2011). Lasting synaptic changes underlie attention deficits

caused by nicotine exposure during adolescence. Nat. Neurosci. 14, 417–419.

doi: 10.1038/nn.2770

DeLaney, K., and Li, L. (2019). Data independent acquisition mass spectrometry

method for improved neuropeptidomic coverage in crustacean neural tissue

extracts. Anal. Chem. 91, 5150–5158. doi: 10.1021/acs.analchem.8b05734

Demichev, V., Messner, C. B., Vernardis, S. I., Lilley, K. S., and Ralser,

M. (2020). DIA-NN: neural networks and interference correction enable

deep proteome coverage in high throughput. Nat. Methods. 17, 41–44.

doi: 10.1038/s41592-019-0638-x

Distler, U., Kuharev, J., Navarro, P., and Tenzer, S. (2016). Label-free quantification

in ion mobility-enhanced data-independent acquisition proteomics. Nat.

Protoc. 11, 795–812. doi: 10.1038/nprot.2016.042

Distler, U., Schmeisser, M. J., Pelosi, A., Reim, D., Kuharev, J., Weiczner, R., et al.

(2014). In-depth protein profiling of the postsynaptic density from mouse

hippocampus using data-independent acquisition proteomics. Proteomics 14,

2607–2613. doi: 10.1002/pmic.201300520

Dou, M., Clair, G., Tsai, C. F., Xu, K., Chrisler, W. B., Sontag, R. L., et al. (2019).

High-Throughput single cell proteomics enabled by multiplex isobaric labeling

in a nanodroplet sample preparation platform. Anal. Chem. 91, 13119–13127.

doi: 10.1021/acs.analchem.9b03349

Egertson, J. D., MacLean, B., Johnson, R., Xuan, Y., and MacCoss, M. J. (2015).

Multiplexed peptide analysis using data-independent acquisition and skyline.

Nat. Protoc. 10, 887–903. doi: 10.1038/nprot.2015.055

Fernandez-Costa, C., Martinez-Bartolome, S., McClatchy, D. B., Saviola, A. J., Yu,

N. K., and Yates, J. R. 3rd. (2020). Impact of the identification strategy on the

reproducibility of the DDA and DIA Results. J. Proteome Res. 19, 3153–3161.

doi: 10.1021/acs.jproteome.0c00153

Frese, C. K., Mikhaylova, M., Stucchi, R., Gautier, V., Liu, Q., Mohammed,

S., et al. (2017). Quantitative map of proteome dynamics during neuronal

differentiation. Cell Rep. 18, 1527–1542. doi: 10.1016/j.celrep.2017.01.025

Gabriels, R., Martens, L., and Degroeve, S. (2019). Updated MS(2)PIP web

server delivers fast and accurate MS(2) peak intensity prediction for multiple

fragmentation methods, instruments and labeling techniques. Nucleic Acids

Res. 47, W295–W299. doi: 10.1093/nar/gkz299

Gessulat, S., Schmidt, T., Zolg, D. P., Samaras, P., Schnatbaum, K., Zerweck, J.,

et al. (2019). Prosit: proteome-wide prediction of peptide tandem mass spectra

by deep learning. Nat. Methods. 16, 509–518. doi: 10.1038/s41592-019-0426-7

Gonzalez-Lozano, M. A., Koopmans, F., Sullivan, P. F., Protze, J., Krause,

G., Verhage, M., et al. (2020). Stitching the synapse: cross-linking mass

spectrometry into resolving synaptic protein interactions. Sci Adv. 6:eaax5783.

doi: 10.1126/sciadv.aax5783

He, E., Lozano, M. A. G., Stringer, S., Watanabe, K., Sakamoto, K., den Oudsten, F.,

et al. (2018). MIR137 schizophrenia-associated locus controls synaptic function

by regulating synaptogenesis, synapse maturation and synaptic transmission.

Hum. Mol. Genet. 27, 1879–1891. doi: 10.1093/hmg/ddy089

Herculano-Houzel, S. (2009). The human brain in numbers: a linearly scaled-up

primate brain. Front. Hum. Neurosci. 3:31. doi: 10.3389/neuro.09.031.2009

Hondius, D. C., van Nierop, P., Li, K. W., Hoozemans, J. J., van der Schors, R. C.,

van Haastert, E. S., et al. (2016). Profiling the human hippocampal proteome at

all pathologic stages of Alzheimer’s disease. Alzheimers. Dement. 12, 654–668.

doi: 10.1016/j.jalz.2015.11.002

Huang, L., Wickramasekara, S. I., Akinyeke, T., Stewart, B. S., Jiang, Y.,

Raber, J., et al. (2016). Ion mobility-enhanced MS(E)-based label-free analysis

reveals effects of low-dose radiation post contextual fear conditioning

training on the mouse hippocampal proteome. J. Proteomics 140, 24–36.

doi: 10.1016/j.jprot.2016.03.032

Humeau, Y., and Choquet, D. (2019). The next generation of approaches to

investigate the link between synaptic plasticity and learning. Nat. Neurosci. 22,

1536–1543. doi: 10.1038/s41593-019-0480-6

Johnson, E. C. B., Dammer, E. B., Duong, D. M., Ping, L., Zhou, M., Yin,

L., et al. (2020). Large-scale proteomic analysis of Alzheimer’s disease

brain and cerebrospinal fluid reveals early changes in energy metabolism

associated with microglia and astrocyte activation. Nat. Med. 26, 769–780.

doi: 10.1038/s41591-020-0815-6

Kanellopoulos, A. K., Mariano, V., Spinazzi, M., Woo, Y. J., McLean,

C., Pech, U., et al. (2020). Aralar sequesters GABA into hyperactive

mitochondria, causing social behavior deficits. Cell 180, 1178–1197.e1120.

doi: 10.1016/j.cell.2020.02.044

Koopmans, F., Ho, J. T. C., Smit, A. B., and Li, K. W. (2018a). Comparative

analyses of data independent acquisition mass spectrometric approaches:

DIA, WiSIM-DIA, and untargeted DIA. Proteomics 18:1700304.

doi: 10.1002/pmic.201700304

Koopmans, F., Pandya, N. J., Franke, S. K., Phillippens, I., Paliukhovich, I., Li, K.

W., et al. (2018b). comparative hippocampal synaptic proteomes of rodents and

primates: differences in neuroplasticity-related proteins. Front. Mol. Neurosci.

11:364. doi: 10.3389/fnmol.2018.00364

Kulik, Y. D., Watson, D. J., Cao, G., Kuwajima, M., and Harris, K. M. (2019).

Structural plasticity of dendritic secretory compartments during LTP-induced

synaptogenesis. eLife. 8:e46356. doi: 10.7554/eLife.46356.030

Li, K. W., Ganz, A. B., and Smit, A. B. (2019). Proteomics of neurodegenerative

diseases: analysis of human post-mortem brain. J. Neurochem. 151, 435–445.

doi: 10.1111/jnc.14603

Liu, Y., Huttenhain, R., Surinova, S., Gillet, L. C., Mouritsen, J., Brunner, R.,

et al. (2013). Quantitative measurements of N-linked glycoproteins in human

plasma by SWATH-MS. Proteomics 13, 1247–1256. doi: 10.1002/pmic.2012

00417

Loh, K. H., Stawski, P. S., Draycott, A. S., Udeshi, N. D., Lehrman, E. K., Wilton,

D. K., et al. (2016). Proteomic analysis of unbounded cellular compartments:

synaptic clefts. Cell 166, 1295–1307.e1221. doi: 10.1016/j.cell.2016.07.041

Lou, R., Tang, P., Ding, K., Li, S., Tian, C., Li, Y., et al. (2020). Hybrid

spectral library combining DIA-MS data and a targeted virtual library

substantially deepens the proteome coverage. iScience 23:100903.

doi: 10.1016/j.isci.2020.100903

Ludwig, C., Gillet, L., Rosenberger, G., Amon, S., Collins, B. C., and Aebersold,

R. (2018). Data-independent acquisition-based SWATH-MS for quantitative

proteomics: a tutorial.Mol. Syst. Biol. 14:e8126. doi: 10.15252/msb.20178126

Mansilla, A., Jordan-Alvarez, S., Santana, E., Jarabo, P., Casas-Tinto, S., and Ferrus,

A. (2018). Molecular mechanisms that change synapse number. J. Neurogenet.

32, 155–170. doi: 10.1080/01677063.2018.1506781

Meier, F., Geyer, P. E., Virreira Winter, S., Cox, J., and Mann, M. (2018). BoxCar

acquisitionmethod enables single-shot proteomics at a depth of 10,000 proteins

in 100 minutes. Nat. Methods. 15, 440–448. doi: 10.1038/s41592-018-0003-5

Frontiers in Molecular Neuroscience | www.frontiersin.org 7 December 2020 | Volume 13 | Article 564446

https://doi.org/10.1016/j.neuron.2019.12.015
https://doi.org/10.1074/mcp.RA119.001714
https://doi.org/10.1038/s41467-020-14609-1
https://doi.org/10.1002/embj.201386120
https://doi.org/10.1074/mcp.M114.044305
https://doi.org/10.1074/mcp.RA117.000314
https://doi.org/10.1038/nrn3258
https://doi.org/10.1016/j.neuint.2015.04.004
https://doi.org/10.1038/s41467-017-00249-5
https://doi.org/10.1038/nn.2770
https://doi.org/10.1021/acs.analchem.8b05734
https://doi.org/10.1038/s41592-019-0638-x
https://doi.org/10.1038/nprot.2016.042
https://doi.org/10.1002/pmic.201300520
https://doi.org/10.1021/acs.analchem.9b03349
https://doi.org/10.1038/nprot.2015.055
https://doi.org/10.1021/acs.jproteome.0c00153
https://doi.org/10.1016/j.celrep.2017.01.025
https://doi.org/10.1093/nar/gkz299
https://doi.org/10.1038/s41592-019-0426-7
https://doi.org/10.1126/sciadv.aax5783
https://doi.org/10.1093/hmg/ddy089
https://doi.org/10.3389/neuro.09.031.2009
https://doi.org/10.1016/j.jalz.2015.11.002
https://doi.org/10.1016/j.jprot.2016.03.032
https://doi.org/10.1038/s41593-019-0480-6
https://doi.org/10.1038/s41591-020-0815-6
https://doi.org/10.1016/j.cell.2020.02.044
https://doi.org/10.1002/pmic.201700304
https://doi.org/10.3389/fnmol.2018.00364
https://doi.org/10.7554/eLife.46356.030
https://doi.org/10.1111/jnc.14603
https://doi.org/10.1002/pmic.201200417
https://doi.org/10.1016/j.cell.2016.07.041
https://doi.org/10.1016/j.isci.2020.100903
https://doi.org/10.15252/msb.20178126
https://doi.org/10.1080/01677063.2018.1506781
https://doi.org/10.1038/s41592-018-0003-5
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/molecular-neuroscience#articles


Li et al. DIA for Neuroproteomics

Michalski, A., Cox, J., and Mann, M. (2011). More than 100,000 detectable

peptide species elute in single shotgun proteomics runs but the majority is

inaccessible to data-dependent LC-MS/MS. J. Proteome Res. 10, 1785–1793.

doi: 10.1021/pr101060v

Muntel, J., Gandhi, T., Verbeke, L., Bernhardt, O. M., Treiber, T., Bruderer, R.,

et al. (2019). Surpassing 10 000 identified and quantified proteins in a single

run by optimizing current LC-MS instrumentation and data analysis strategy.

Mol Omics. 15, 348–360. doi: 10.1039/C9MO00082H

Pandya, N. J., Koopmans, F., Slotman, J. A., Paliukhovich, I., Houtsmuller, A. B.,

Smit, A. B., et al. (2017). Correlation profiling of brain sub-cellular proteomes

reveals co-assembly of synaptic proteins and subcellular distribution. Sci. Rep.

7:12107. doi: 10.1038/s41598-017-11690-3

Pappireddi, N., Martin, L., and Wuhr, M. (2019). A review on

quantitative multiplexed proteomics. Chembiochem 20, 1210–1224.

doi: 10.1002/cbic.201800650

Pino, L. K., Just, S. C., MacCoss, M. J., and Searle, B. C. (2020). Acquiring

and analyzing data independent acquisition proteomics experiments

without spectrum libraries. Mol. Cell Proteomics 19, 1088–1103.

doi: 10.1074/mcp.P119.001913

Rauniyar, N. (2015). Parallel reaction monitoring: a targeted experiment

performed using high resolution and high mass accuracy mass spectrometry.

Int. J. Mol. Sci. 16, 28566–28581. doi: 10.3390/ijms161226120

Rosato, M., Stringer, S., Gebuis, T., Paliukhovich, I., Li, K. W., Posthuma, D., et al.

(2019). Combined cellomics and proteomics analysis reveals shared neuronal

morphology and molecular pathway phenotypes for multiple schizophrenia

risk genes. Mol. Psychiatry. doi: 10.1038/s41380-019-0436-y. [Epub ahead

of print].

Rost, H. L., Rosenberger, G., Navarro, P., Gillet, L., Miladinovic, S. M., Schubert,

O. T., et al. (2014). OpenSWATH enables automated, targeted analysis

of data-independent acquisition MS data. Nat. Biotechnol. 32, 219–223.

doi: 10.1038/nbt.2841

Saidi, M., Kamali, S., and Beaudry, F. (2019). Neuropeptidomics: comparison

of parallel reaction monitoring and data-independent acquisition for the

analysis of neuropeptides using high-resolution mass spectrometry. Biomed.

Chromatogr. 33:e4523. doi: 10.1002/bmc.4523

Schizophrenia Working Group of the Psychiatric Genomics, C. (2014). Biological

insights from 108 schizophrenia-associated genetic loci. Nature 511, 421–427.

doi: 10.1038/nature13595

Searle, B. C., Pino, L. K., Egertson, J. D., Ting, Y. S., Lawrence, R. T., MacLean,

B. X., et al. (2018). Chromatogram libraries improve peptide detection

and quantification by data independent acquisition mass spectrometry. Nat.

Commun. 9:5128. doi: 10.1038/s41467-018-07454-w

Searle, B. C., Swearingen, K. E., Barnes, C. A., Schmidt, T., Gessulat, S.,

Kuster, B., et al. (2020). Generating high quality libraries for DIA MS

with empirically corrected peptide predictions. Nat. Commun. 11:1548.

doi: 10.1038/s41467-020-15346-1

Sharma, K., Schmitt, S., Bergner, C. G., Tyanova, S., Kannaiyan, N., Manrique-

Hoyos, N., et al. (2015). Cell type- and brain region-resolved mouse brain

proteome. Nat. Neurosci. 18, 1819–1831. doi: 10.1038/nn.4160

Shen, X., Shen, S., Li, J., Hu, Q., Nie, L., Tu, C., et al. (2018). IonStar

enables high-precision, low-missing-data proteomics quantification in

large biological cohorts. Proc. Natl. Acad. Sci. U.S.A. 115, E4767–E4776.

doi: 10.1073/pnas.1800541115

Silva, J. C., Denny, R., Dorschel, C. A., Gorenstein, M., Kass, I. J., Li, G. Z., et al.

(2005). Quantitative proteomic analysis by accurate mass retention time pairs.

Anal. Chem. 77, 2187–2200. doi: 10.1021/ac048455k

Testa-Silva, G., Verhoog, M. B., Linaro, D., de Kock, C. P., Baayen, J. C.,

Meredith, R. M., et al. (2014). High bandwidth synaptic communication

and frequency tracking in human neocortex. PLoS Biol. 12:e1002007.

doi: 10.1371/journal.pbio.1002007

Ting, Y. S., Egertson, J. D., Bollinger, J. G., Searle, B. C., Payne, S. H., Noble, W.

S., et al. (2017). PECAN: library-free peptide detection for data-independent

acquisition tandem mass spectrometry data. Nat. Methods 14, 903–908.

doi: 10.1038/nmeth.4390

Tran, N. H., Qiao, R., Xin, L., Chen, X., Liu, C., Zhang, X., et al.

(2019). Deep learning enables de novo peptide sequencing from data-

independent-acquisition mass spectrometry. Nat. Methods 16, 63–66.

doi: 10.1038/s41592-018-0260-3

Tsai, C. F., Zhao, R., Williams, S. M., Moore, R. J., Schultz, K., Chrisler, W. B., et al.

(2020). An improved boosting to amplify signal with isobaric labeling (iBASIL)

strategy for precise quantitative single-cell proteomics.Mol. Cell. Proteomics 19,

828–838. doi: 10.1074/mcp.RA119.001857

Tsou, C. C., Avtonomov, D., Larsen, B., Tucholska, M., Choi, H., Gingras,

A. C., et al. (2015). DIA-umpire: comprehensive computational framework

for data-independent acquisition proteomics. Nat Methods. 12, 258–264.

doi: 10.1038/nmeth.3255

van Oostrum, M., Campbell, B., Seng, C., Muller, M., Tom Dieck, S., Hammer,

J., et al. (2020). Surfaceome dynamics reveal proteostasis-independent

reorganization of neuronal surface proteins during development and synaptic

plasticity. Nat. Commun. 11:4990. doi: 10.1038/s41467-020-18494-6

Van Puyvelde, B., Willems, S., Gabriels, R., Daled, S., De Clerck, L., Vande Casteele,

S., et al. (2020). Removing the hidden data dependency of DIA with predicted

spectral libraries. Proteomics 20:e1900306. doi: 10.1002/pmic.201900306

von Engelhardt, J., Mack, V., Sprengel, R., Kavenstock, N., Li, K. W., Stern-

Bach, Y., et al. (2010). CKAMP44: a brain-specific protein attenuating

short-term synaptic plasticity in the dentate gyrus. Science 327, 1518–1522.

doi: 10.1126/science.1184178

Zeng, W. F., Zhou, X. X., Zhou, W. J., Chi, H., Zhan, J., and He, S.

M. (2019). MS/MS Spectrum prediction for modified peptides using

pDeep2 trained by transfer learning. Anal. Chem. 91, 9724–9731.

doi: 10.1021/acs.analchem.9b01262

Zhang, F., Ge, W., Ruan, G., Cai, X., and Guo, T. (2020). Data-independent

acquisition mass spectrometry-based proteomics and software tools: a glimpse

in 2020. Proteomics 10:e1900276. doi: 10.1002/pmic.201900276

Zhong, C. Q., Wu, R., Chen, X., Wu, S., Shuai, J., and Han, J. (2020). Systematic

assessment of the effect of internal library in targeted analysis of SWATH-MS.

J. Proteome Res. 19, 477–492. doi: 10.1021/acs.jproteome.9b00669

Zhou, X. X., Zeng, W. F., Chi, H., Luo, C., Liu, C., Zhan, J., et al. (2017). pDeep:

predicting MS/MS spectra of peptides with deep learning. Anal. Chem. 89,

12690–12697. doi: 10.1021/acs.analchem.7b02566

Conflict of Interest: The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be construed as a

potential conflict of interest.

Copyright © 2020 Li, Gonzalez-Lozano, Koopmans and Smit. This is an open-access

article distributed under the terms of the Creative Commons Attribution License (CC

BY). The use, distribution or reproduction in other forums is permitted, provided

the original author(s) and the copyright owner(s) are credited and that the original

publication in this journal is cited, in accordance with accepted academic practice.

No use, distribution or reproduction is permitted which does not comply with these

terms.

Frontiers in Molecular Neuroscience | www.frontiersin.org 8 December 2020 | Volume 13 | Article 564446

https://doi.org/10.1021/pr101060v
https://doi.org/10.1039/C9MO00082H
https://doi.org/10.1038/s41598-017-11690-3
https://doi.org/10.1002/cbic.201800650
https://doi.org/10.1074/mcp.P119.001913
https://doi.org/10.3390/ijms161226120
https://doi.org/10.1038/s41380-019-0436-y
https://doi.org/10.1038/nbt.2841
https://doi.org/10.1002/bmc.4523
https://doi.org/10.1038/nature13595
https://doi.org/10.1038/s41467-018-07454-w
https://doi.org/10.1038/s41467-020-15346-1
https://doi.org/10.1038/nn.4160
https://doi.org/10.1073/pnas.1800541115
https://doi.org/10.1021/ac048455k
https://doi.org/10.1371/journal.pbio.1002007
https://doi.org/10.1038/nmeth.4390
https://doi.org/10.1038/s41592-018-0260-3
https://doi.org/10.1074/mcp.RA119.001857
https://doi.org/10.1038/nmeth.3255
https://doi.org/10.1038/s41467-020-18494-6
https://doi.org/10.1002/pmic.201900306
https://doi.org/10.1126/science.1184178
https://doi.org/10.1021/acs.analchem.9b01262
https://doi.org/10.1002/pmic.201900276
https://doi.org/10.1021/acs.jproteome.9b00669
https://doi.org/10.1021/acs.analchem.7b02566
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/molecular-neuroscience
https://www.frontiersin.org
https://www.frontiersin.org/journals/molecular-neuroscience#articles

	Recent Developments in Data Independent Acquisition (DIA) Mass Spectrometry: Application of Quantitative Analysis of the Brain Proteome
	Introduction
	Quantitative Proteomics by Data Dependent Acquisition (DDA)
	Data Independent Acquisition (DIA) is Emerging as Method of Choice for Quantitative Proteomics
	Application of DIA for Brain Research
	Recent Advancement of DIA
	Alternative Methodologies Applicable to Quantitative Proteomics
	Conclusion and Future Outlook
	Author Contributions
	References


