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• Three alternative strategies have been considered for 
bottom-up proteomics using hybrid instruments such as 
LTQ-FT and LTQ-Orbitrap: AMT tag for high resolution 
data, APMF for MS/MS IDs filtered using high-res 
precursor masses, and a new hybrid approach that 
employs the AMT tag database in processing combined 
MS and MS/MS results

• Peptide FDR estimated using the decoy and mass 
accuracy histogram approaches produced consistent 
results in the FDR range ~0.1% to >~10%

• The AMT tag approach produced the highest peptide 
coverage, >5000 IDs in a single LC-MS, with FDR >~1%

• The MS/MS-based accurate precursor mass filter 
(APMF) approach produced <~1% peptide level FDR; 
the coverage was reduced vs. AMT tag results, <~4000 
peptides (i.e. 3577 peptides in the sample dataset used 
here)

• The new PMTF approach produced a marked peptide ID 
confidence improvement, FDR < 0.001, for 3387 peptide 
IDs obtained, which resulted in an increased quantity of 
confidently identified proteins
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A Shewanella oneidensis global cell lysate tryptic 
digest solution was chosen for this study. The LTQ 
Orbitrap XL MS instrument was coupled to a 75 µm i.d. 
capillary LC column using 100 min LC separations, 
providing 2940 high resolution, high accuracy full MS 
spectra (400-2000 m/z, resolution of 100,000 each) 
along with lower resolution linear ion trap (LIT) MS/MS 
spectra for the 6 most abundant precursor ions, 
obtained in the linear ion trap in parallel with 
acquisition of the high resolution spectra. The LC-MS 
(MS/MS) dataset used here contained approximately 
18,000 LIT MS/MS spectra.

• A new proteomics strategy explores the hybrid 
capabilities of the LTQ Orbitrap

• High resolution LC-MS data were combined 
with the Linear Ion Trap (LIT) MS/MS results 
obtained in the same LC-MS(/MS) experiment

• Three alternative approaches were  evaluated 
for coverage and confidence of identifications

• Peptide false discovery events were nearly 
eliminated with a new hybrid approach that 
combined high resolution MS and LIT MS/MS 
data and applied elution time constraints from 
a previously generated accurate mass and 
time (AMT) tag database

Hybrid FTMS instruments, such as the LTQ-FT and 
LTQ-Orbitrap, are capable of generating fast duty cycle 
linear ion trap MS/MS in parallel with high resolution 
mass spectra without compromising the overall 
throughput of measurements.  We explore strategies for 
high throughput, high coverage proteomics 
measurements using the hybrid FTMS instruments. 
Our accurate mass and time tag (AMT tag) strategy 
(Fig. 1) typically enables identification of thousands of 
peptides in a single LC-FTMS analysis by comparing 
accurate molecular mass and LC elution time 
information from the analysis to a reference database. 
An alternative strategy uses linear ion trap (low 
resolution) MS/MS identifications obtained using 
SEQUEST that is refined using an accurate precursor 
mass filter (APMF). 
These two approaches were  compared with a new 
hybrid approach that combines AMT tag identifications 
with MS/MS-derived peptide identifications. 

565 (2)385 (3)231 (7)# proteins with FDR < 0.01%

565 (2)571 (2)278 (6)# proteins with FDR < 0.1%

977 (1)571 (2)432 (4)# proteins with FDR < 1%

977 (1)978 (1)774  (2)# proteins with FDR < 10%

111133# decoy proteins

9699671173# proteins with composite database, 
corrected

9779781177# proteins with regular database

0.03%0.31%2.8%FDR based on Ndecoy: FDRD

0.07%0.27%2.0%FDR from histogram areas: FDRA

111144# decoy peptides: Ndecoy

333735075159# peptides, composite decoy database 
(decoys subtracted)

338735775180# peptides found with regular database

PMTFAPMFAMT tagStrategy

The precursor mass and time filter (PMTF) approach 
combines AMT tag identifications with MS/MS-derived 
peptide identifications. In this approach, the low 
resolution MS/MS identifications are first filtered using 
the APMF, then matched to an AMT tag database in 
which they are additionally filtered using LC elution 
times. 

LC-MS elution time data are aligned to AMT tag LC 
NET values for an improved confidence due to the LC 
elution time constraint. As a result of multiple filters, an 
increased number of AMT tags can be used (e.g., here 
50K), with FDR values below 0.1% 

AMT tag data processing (Fig. 1), was done as 
described previously [1, 2]. The AMT tag database for 
S. oneidensis included approximately 20K peptide AMT 
tags, filtered according to the peptide tag quality 
metrics. Fig. 2 shows the mass accuracy histogram for 
LC-MS features matched to AMT tags; the vertical “Bin 
count” axis shows a number of matched LC-MS 
features per 0.5 ppm bin. Such a histogram can be 
used to estimate the false discovery rate (FDR), i.e. a 
percentage of random, or false, matches [1]. FDR ≈ 2% 
was obtained using a ratio of the shaded area to the 
peak area, which agreed with a control FDR estimation 
based on the decoy AMT tag database generated 
using 11Da shift [3], dashed curve in Fig. 2.

Approach 1:  AMT tag
High resolution LC-MS data matched 
to AMT tags

Approach 2: APMF
MS/MS identifications, filtered using 
the high resolution precursor masses

Approach 3: PMTF
IT MS/MS (APMF), filtered using AMT 
tag elution times

LC-MS high resolution spectra

AMT tag 
database

Accurate mass and elution 
time constraints

NET 
calibration

Peptide identifications

Fig. 1 AMT tag data processing chart

Processing ion trap MS/MS data
• acquire LC-MS/MS data 
• generate dta-files (Extract_msn, DeconMSn [4])
• SEQUEST / X!Tandem: list of identified peptides

Accurate precursor mass filter (APMF)
• pre-filter the MS/MS peptide identifications using 

Xcorr, DelCn filters
• for each MS/MS peptide ID a precursor is 

searched in a corresponding high resolution full 
MS spec (options: de-isotoping ON / OFF / 
relaxed; adjustable SNR)

• calculate mass differentials (dm) to generate 
hisogram

• mass correction / recalibration (optional)
• determine tolerance range from the dm-statistics
• apply the dm-filter to all MS/MS peptide 

identifications
• decoy statistics; calculation of FDR-A and FDR-D
• roll-up to protein identifications

SEQUEST
(XTandem, etc.)

A high res precursor is 
searched in the RAW 
file for each MS/MS ID

Peptide IDs passing 
the APMF

LC-MS/MS

Fig. 3 APMF tag data processing chart

The APMF analysis provided 3577 peptide identifications 
compared to 5180 peptides found using the AMT tag 
approach, with 2659 of the peptides identified by the both 
approaches. 918 peptides unique to APMF can be also 
found by the AMT tag approach using an increased set of 
tags, ~100K, and relaxed constraints, which also 
produced increased FDR values, up to 20%.

Fig. 4 Peptides identified in LC-MS and 
LC-MS/MS measurements

2659 9182521

AMT tag
5180 peptides 
144 decoys
FDR = 2.8%

APMF 
3577 peptides 
11 decoys
FDR = 0.3%

2521 peptides detected only by the AMT tag approach 
have on average lower intensities, indicating that the 
MS/MS based coverage is limited by under-sampling, 
i.e. insufficient number of MS/MS spectra. This issue will 
be addressed in further work.

Fig. 5 Histogram 
of ion intensities
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Fig. 6 Hybrid approach

3387 high confidence (FDR ≈ 0.07%) peptides 
identified with the PMTF approach include 3301 
peptides also found by the AMT tag approach and 2702 
peptides found by the APMF approach. 685 peptides 
identified with the PMTF approach and not reported in 
the AMT tag results can be attributed to a larger 
database used, 50K vs. 20K AMT tags. 276 APMF 
peptides not reported by the PMTF approach did not 
pass the AMT tag filter and/or the LC elution time filter.

Stringent filters used for the AMT tag approach reduced 
peptide coverage to <~2000 with improved FDR <1% 
(0.01 in absolute units in Fig. 8). Variable tolerances for 
SEQUEST scores, LC NET and mass accuracy 
produced the coverage vs. FDR variations for each of the 
three strategies. See [5] for a systematic approach for 
coverage vs. confidence optimization of AMT tag results.

Peptide and protein identifications obtained in a single 
high throughput LC-Orbitrap measurement are 
summarized in the above table.  The four bottom rows 
show protein counts for specified levels of the 
probability of false identification, “protein FDR”; 
numbers in parentheses show the minimum count of 
peptides per one protein identification. The PMTF 
approach produced most confident peptide 
identifications, with one or fewer false peptides. Using 2 
or more peptides per protein ID, it was possible to 
obtain 565 proteins with the protein FDR < 0.01%
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Fig. 8 Peptide identification coverage vs. FDR

Fig. 7 Peptides identified with the three 
alternative strategies
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Fig. 2 Mass accuracy histogram of LC-MS features 
matched to AMT tags
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