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Scan 1 Scan 2 Scan 3 Scan 4 Scan 39 Scan 40

Repeated Cycle (~3s) of 40 10 m/z wide MS/MS scans

Full Coverage of the 500-900 m/z precursor mass range

● A repeated sequence of predefined  
  MS/MS scans
● To cover the required mass range, wide
 isolation windows are used1

● Fragment ion chromatograms can be  
extracted for targeted-style analysis2 if
the scan sequence repeats quickly enough
(<5 sec for typical LC conditions)

Data Independent Acquisition (DIA)
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2 m/z Isolation Window 10 m/z Isolation Window

Wide Isolation Window MS/MS Scans Improve Coverage at the Cost of Specificity
Sample: S. cerevisiae lysate (soluble)  Peptide: R.AAAPTVVFLDELDSIAK.A

With mass spectrometers approaching acquisition speeds of 10 Hz, a 10 m/z isolation width is required to sample a 
400 m/z  range every 4 seconds.  A 10 m/z wide isolation width  (right) significantly increases spectrum 
complexity.
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● Improved software and instrumentation have made Data Independent Acquisition (DIA) an attractive technique merging
 discovery-based data acquisition with targeted analysis techniques

● MS/MS spectra acquired using DIA are typically low specificity due to wide isolation windows
● A multiplexing technique is presented to increase specificity while maintaining mass range coverage and sampling frequency

METHODS AND RESULTS

Isolate and fragment multiple precursors prior to 
injection into the Orbitrap for mass analysis

Multiple C-Trap Fills on Q-Exactive (Thermo Scientific)

Orbitrap
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FT Mass Analysis of Fragments From Previous Scan

Time

Precursor fills simultaneous with high-resolution mass 
analysis

Scan N-1

100  4 m/z-wide windows = 400 m/z (5 random per scan)

Scan N
Scan N+1

Scan N-1

40  10 m/z-wide windows = 400 m/z (1 per scan, repeating cycle)

m/z500 900

Scan N
Scan N+1

No Multiplex

MSX

Multiplexed Data Independent Acquisition (MSX)

Each scan isolates and fragments a single 10 m/z –  wide precursor range  from a predefined list of consecutive, adjacent 
ranges.  In this example, the mass range from 500-900 m/z is sampled every 40 scan events. 

Each scan isolates and fragments five 4 m/z –  wide precursor ranges  randomly chosen from a predefined list of consecutive, 
adjacent ranges.  In this example, the mass range from 500-900 m/z is sampled every 20 scan events. 
Step 1: Generate a list of isolation windows to be sampled (in this example, 100 4 
m/z wide windows 500-900 m/z)
Step 2:  Build a scan by removing 5 isolation windows at random from the isolation 
window list, repeat until the isolation window list is empty
Step 3: Repopulate the isolation window list, go to step 2.

Q-Exactive Isolation Window Uniformity
● Angiotensin direct infusion
● The intensity of the monoisotopic peak was 
measured when isolated with windows of 
width 10, 8, 6, 4, and 2 m/z
● For each window size, the peak was isolated 
at different locations within the window (i.e. 
left edge, center, right edge)
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De-Multiplexing MSX Data

Solve by non-
negative least 
squares

Rows: Multiplexed spectra
Columns: Peak intensities

Rows: Precursor windows isolated for each spectrum
Columns: 0/1 for presence/absence of a window

Rows: Component spectra of Scan N
Columns: Peak Intensities

Each MSX spectrum (ex. Scan N below) is a linear combination of  component spectra from each of its precursors.
This relationship is encoded in the system of equations below.  This system can be solved by non-negative least squares. 

De-Multiplexing Removes Fragment Ion Interference
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GPLVLEVETYR detected in S. cerevisiae lysate (soluble); MSX 5 x 4 m/z isolation windows per scan (Q-Exactive)

Not De-Multiplexed De-Multiplexed

MS1
1 femtomole

MSX
1 femtomole

●Bovine proteins spiked into a S. cerevisiae lysate (soluble) 
●Spike in range: 10 attomoles – 150 femtomoles
●Analyzed by MSX with MS1 scans interlaced
●Protein response measured with 2 peptides normalized to  two
housekeeping proteins 

MS1 vs. MSX Quantification

Conclusions
● DIA data can be multiplexed by mixing precursors prior to fragment ion analysis
● MSX de-multiplexing and isolation list export will be included in Skyline v1.3 

(http://skyline.maccosslab.org)
● A firmware patch is needed to implement the method on the Q-Exactive.  Contact Markus 

Kellmann (markus.kellmann@thermofisher.com) for details.
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