
Introduction
The central dogma for biological information fl ow is expressed as a series of chemical 
conversions (Figure 1) that ultimately defi ne an organism’s biological phenotype. Since 
the products of enzymatic turnover are metabolites, and, because the sum of all primary 
and secondary metabolites is most closely associated with an organism’s phenotype, 
mass spectrometry based, joint proteomics, and metabolomics (multi-omics) studies 
offer advantages over a single-omics analysis. For example, a multi-omics experiment 
can help us better understand some of the complex regulatory steps that determine the 
resulting phenotype, and why biology is not simply the sum of its parts.  
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Figure 1. A schematic representation of the central dogma for biological information fl ow.
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from a differential genomics study can be 
converted into protein identifi ers using 
resources such as UniProt ID Mapper 
(http://www.uniprot.org/). Agilent 
Spectrum Mill Software converts protein 
identifi ers to amino acid sequences, 
and then performs in silico chemical 
modifi cation(s) and a theoretical digest 
(Figure 2). The result is a list of peptide 
masses and ions that can be used 
in a data-directed quadrupole time-
of-fl ight (Q-TOF) experiment. In this 
way, one can focus the analysis of a 
particular sample to look for only those 
proteins that are differential or show 
biologically interesting patterns. One of 
the benefi ts of this approach is multiple 
post-translational modifi cations can 
be postulated, included in the Q-TOF 
data-directed list, and looked for with 
greater selectivity than is possible in a 
typical data-dependent experiment.

• Perhaps the most common 
workfl ow for scientists with 
access to mass spectrometry 
instrumentation is to use their own 
data from a discovery (untargeted) 
metabolomics or proteomics 
experiment.

• Finally, the results of a pathway-
based analysis from a single omics 
study can potentially be a powerful 
new way to create a multi-omics 
experiment.

Literature Informed Experiments
Accessing published articles or data from 
data repositories such as GEO http://
www.ncbi.nlm.nih.gov/geo/ can be a 
very good place to begin designing a 
metabolomics or proteomics experiment. 
For example, a list of gene identifi ers 

Entry points to multi-omics 
experiments
A starting point in designing a 
multi-omics experiment is to search 
information in the available literature.

• For example, one can build a 
hypothesis-driven proteomics 
experiment based on genomics 
data residing in publicly accessible 
repositories, such as the Gene 
Expression Omnibus (GEO) at 
NCBI.

• One can also use a list of 
literature-derived metabolites 
or proteins associated with a 
specifi c biological phenomenon as 
the basis for a hypothesis driven 
metabolomics or proteomics study.

Figure 2. The Peptide Selector utility in Agilent Spectrum Mill displays predicted peptides and fragment ions from protein accession numbers.
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A similar type of experiment can be 
performed with a triple quadrupole 
system. Agilent has two software 
solutions for producing triple quadrupole 
multiple reaction monitor (MRM) lists 
for data acquisition: Spectrum Mill, or 
the freely-available Skyline software, 
developed by the MacCoss laboratory 
(https://brendanx-uw1.gs.washington.
edu/labkey/project/home/software/
Skyline/begin.view). A triple quadrupole 
analysis in MRM mode typically offers 
greater sensitivity relative to a Q-TOF but 
it does not have the mass accuracy of 
the Q-TOF, nor the ability to produce data 
that is suitable for peptide spectral library 
matching.

When the initial information is a list of 
protein identifi ers or protein sequences, 
the process is very similar to that of 
gene information, with the exception 
that Spectrum Mill and Skyline can 
accept them directly without need for 
conversion.

When the information one has is a 
list of metabolites, a database can be 
created for those metabolites using the 
Agilent PCDL Manager and the Agilent-
METLIN Personal Metabolite Database 
and Library (PCDL). Data acquired on a 
LC/TOF or LC/Q-TOF is extracted using 
Agilent MassHunter Qualitative Analysis 
Software and then annotated by matching 
to the custom database. Alternatively, a 
triple quadrupole assay can be created 
using the mass fragmentation data from 
a custom built METLIN PCDL and used 
in a triple quadrupole MRM acquisition 
method. The metabolite MRM data can 
then be analyzed using MassHunter 
Quantitative Analysis Software.

Figure 3. Multiple entry points (ovals) for the targeted metabolomics workfl ow with supporting Agilent 
software tools (rectangles).
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Figure 4. Multiple entry points (ovals) for the targeted proteomics workfl ow with supporting software 
tools (rectangles).
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Mass spectrometry-based 
discovery experiments
Data from metabolomics or proteomics 
discovery (untargeted) experiments can 
be used as the basis to create a focused 
analysis of metabolites or proteins 
(Figure 5).

Spectrum Mill Software is used to 
perform protein database search of 
MS/MS data. During the spectral 
extraction process, Spectrum Mill 
Software determines the area for each 
precursor, and then saves this information 
for use after peptide spectral matching 
is completed. These peptide areas are 
then assigned to the protein match and 
the peptide areas for a given protein 
are summarized as either the total or 
mean intensity. Protein results can then 
be summarized in a protein-protein 
comparison mode which fi rst evaluates 
all replicates of all samples on the 
peptide level and groups proteins across 
the entire data set, then rolls the peptides 

up into protein groups and creates a 
table showing the summarized protein 
results with the protein intensities. The 
abundances from the Protein-Protein 
Comparison can be imported into the 
Agilent Mass Profi ler Professional 
(MPP) multivariate analysis software to 
determine the statistically interesting 
proteins, which are then reviewed, and a 
focused peptide list is created in either 
Spectrum Mill or Skyline Software.

One of the benefi ts of starting with 
discovery proteomics data is that 
Spectrum Mill now has actual MS/MS 
data for the observed peptides. This 
enables the software to create an MRM 
method based on the discovery MS/MS 
results. The discovery results can also be 
exported as a spectral library for use in 
Skyline to match the acquired MRM data 
against the observed, Q-TOF produced 
peptide MS/MS spectra. Confi rming 
the triple quadrupole MRM spectra to 
an actual MS/MS library can speed up 
the development of triple quadrupole 

methods when peptide standards are not 
available to confi rm the correct peptide 
peaks (Figure 6).

MPP is also used to analyze 
metabolomics data after the raw data 
has been processed by MassHunter 
Qualitative Analysis Software. Once 
the metabolites are annotated, it is 
possible to use Pathway Architect to 
PCDL software to create a database of 
metabolites that share pathways with 
the annotated metabolites. This database 
can be used to further annotate the 
original metabolomics data. It can also be 
used to re-analyze the original data fi les 
using MassHunter Qualitative Analysis 
Software and the custom pathway 
database. The results of the analysis may 
suggest the need for a targeted triple 
quadrupole assay. This assay can be built 
using the mass fragmentation information 
from the custom METLIN PCDL and used 
in a triple quadrupole MRM acquisition 
method.

Figure 5. Discovery to targeted proteomics showing the data analysis workfl ow.
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Figure 6. A Skyline document developed from a pathway-directed protein list and applied to a targeted proteomics experiment.
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Benefi ts of including pathway 
analysis
The results of a metabolomics or 
proteomics analysis in MPP can be 
further analyzed using Agilent Pathway 
Architect Software. The software takes 
the differential results between two 
or more conditions and maps them 
onto pathway database content from 
Wikipathways, BioCyc, or even a user-
imported pathway(s) from other sources 
in BioPax or GPML format. The results 
of the pathway mapping can be easily 
reviewed, and one or more pathways can 
be selected to export the gene, protein 
or metabolite identifi ers for subsequent 
analyses.

In pathway focused metabolomics 
experiments, Pathway to PCDL 
software can be used to extract 
metabolite formulas from available 
pathways databases and turn them into 
a pathway specifi c PCDL. This PCDL 
can be used to re-annotate or re-mine 
the original results of an untargeted 
metabolomics experiment, or to increase 

metabolite pathway coverage. In both 
cases, the results can be imported into 
MPP and re-analyzed to give a more 
complete picture of the experimental 
results. In addition, if the original profi ling 
experiment was a genomics (requires 
Agilent GeneSpring Software), or a 
proteomics experiment, the pathway 
results can be used to focus on the 
metabolites contained in those pathways. 

Similarly, in pathway focused proteomics 
experiments, one can begin with 
analyzing the results of a genomics 
(requires GeneSpring Software) or 
metabolomics experiment. This results 
in a list of protein IDs that is exported 
as a pathway-specifi c protein list, into 
Spectrum Mill or Skyline software so 
that the computationally derived peptides 
can be used in the next Q-TOF or triple 
quadrupole experiment. This has the 
benefi t of focusing protein measurements 
to a more limited set of peptides, 
resulting in increased sensitivity and 
selectivity.

The protein results can be reimported into 
MPP software, statistically analyzed and 
the data can be mapped back onto the 
same pathways that were used to initiate 
the proteomics experiment. The result 
is a pathway visualization that contains 
both metabolites and proteins, and 
therefore a more comprehensive means 
of interpreting the biological signifi cance 
under study (Figure 7).

Conclusion
Agilent offers a suite of software 
tools designed for mass spectrometry 
that enables a powerful, new way of 
creating a multi-omics experiment.
Pathway Architect Software allows 
scientists to create a series of joint 
experiments focused on interesting 
and relevant metabolites and proteins 
which could be missed using traditional 
single-omic approaches. These tools 
allow a researcher to start with literature 
derived information or experimental data 
to intelligently design metabolomics 
and proteomics experiments that yield 
meaningful results faster.
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Figure 7. Multi-omics pathway visualization in Agilent Pathway Architect Software with both metabolite and protein results displayed. 
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