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1 INTRODUCTION

SILVER is an efficient tool for quantification of the stable isotope labeling mass
spectrometry data with novel methods for quality control of quantification
implemented at spectrum, peptide and protein levels respectively. Several new
confidence filters and indices are applied to improve the accuracy of quantification
results. Additionally, SILVER provides user-friendly interfaces for parameter setting,
quantitative analysis, results visualization and manual validation as well as some
useful statistics analyses. The core of SILVER was developed on the platform of
Microsoft Visual C++ 2005 in Windows system. SILVER can be run directly on any
Windows system (Microsoft Windows 7/Vista/2003/XP/2000, 64 bit version or 32 bit
version). And the interfaces of SILVER was implemented in Java.

SILVER is freely available under the GNU General Public License v3.0

at http://bioinfo.hupo.org.cn/silver or https://sourceforge.net/projects/silver-bprc/

2 RUN SILVER

Before running SILVER, the JDK 7 or higher is required. Users can download it

from: http://www.oracle.com/technetwork/java/javase/downloads/index.html. And for

processing Thermo raw files, some computers need to install Xcalibur v2.2. Thus we
highly recommend the public format mzXML files for quantification.

After installing the JDK, double click "SILVER.jar" then the interfaces of
SILVER for parameter setting is shown in Fig. 1. A configuration file including input
data and quantification parameters is necessary for SILVER to start quantification.

Here, SILVER can provide two ways for making a configuration file.
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Figure 1: The interface for quantification
2.1 Loading an existing configuration file

The contents of the configuration file can be found in
http://bioinfo.hupo.org.cn/silver.html. A user can write down his own configuration
file using text editors such as Microsoft Word. If the user have an existing
configuration file (*.config), then he can directly load this configuration file and start

to run SILVER (Fig. 2).
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Figure 2: Load configuration file manually
2.2 Setting parameter and generating a new configuration file

The user can set parameters according to the interface in Fig. 3; then SILVER
can generate a new configuration file and start to run.

Firstly, the mass spectrometry (MS) data and the high confident identification
results are required to load into SILVER by clicking the buttons of "Load Raw Files"
and "Load Peplist Files" (Fig. 3). Multiple files are allowed to choose at one time. The
thermo raw files and public format mzXML files are supported by SILVER for now.
Other format MS data can be processed in SILVER by converting the data format to
mzXML. On the other hand, SILVER can take PeptideProphet's interact.pep.xml file

(TPP version 4.5.2 and later versions) (Keller, et al., 2002) or PepDistiller's peplist file
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(Li, et al., 2012) as input files. The "remove™ button are used in case that some wrong

files are loaded by mistake. Additionally, PepDistiller is developed in our lab for

quality control and freely available at: http://www.bprc.ac.cn/PepDistiller/.

Secondly, click the "Working path” button and choose a file folder as the

working path where the final results of SILVER will be saved. Then, the new

configuration file will be generated in the working path you choose named by the

system time (Silver-YY-MM-DD-HH-MM-SS.config). And quantification results of

SILVER will be stored there.
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Figure 3: Set parameters and make a new configuration file

Thirdly, some necessary quantification parameters are required to be filled

manually. Besides, the default settings are recommended for general quantification.

The corresponding parameters are listed in Table 1.
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Table 1. Annotations of parameters in SILVER

Parameters

Annotations

Working_path
Quality_Control_Method
Peptide_FDR
Peak_ppm_min
Peak_ppm_max
SN_cutoff

Goodness_Fit

RT_min

RT_max

RT_gap

Label_Method

the path to store the results of SILVER
PepDistiller and Peptideprophet are supported by SILVER for now.
The FDR at peptide level, 0.01 is recommended.

The peptide m/z tolerance in ppm used during XIC construction, -10
IS recommended.

The peptide m/z tolerance in ppm used during XIC construction, 10
IS recommended.

The isotope signal-to-noise ratio cutoff during XIC construction, 2 is
recommended.

The goodness of the match between the observed and theoretical
isotopic distribution, 0.6 is recommended.

The peptide retention time minimum (in minutes) during XIC
construction, -5 is recommended.

The peptide retention time maximum (in minutes) during XIC
construction, 5 is recommended.

The peptide retention time gap (in minutes) during XIC
construction, 0.2 is recommended.

The label method in the experiment. SILAC-K®6, SILAC-K6R6,
SILAC-K8R10, 180, 15N are supported in SILVER for now.

Finally, click "run™ and the new configuration file are saved. Then SILVER starts

to quantify the data listed in the configuration file. When the quantification is done, a

pop-up message box comes up with words "SILVER done™ and the quantification

summary will be shown in the interfaces (Fig. 4).
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Figure 4: The quantification summary interface of SILVER

3 OUTPUT FILE FORMATS

Once the quantification is done, SILVER generates two folders in the working
path which is set in the configuration file. One is "XIC_folder" where the retention
time and intensity of every PSM's XIC are stored. The other folder is "quant_results"

where the quantification results of SILVER are kept. The results of SILVER include

four files (Table 2).

Table 2. Annotations of SILVER quantification results

File name

Annotations

allquant.log
allquant.rPep.txt
allquant.nrPep.txt

allquant.pro.txt

General summary of the whole quantification

List of protein quantification results

List of redundant peptide (rPep) quantification results

List of non-redundant peptide (nrPep) quantification results

Click the "SILVER-view.jar" and choose the working path in a pop-up message
box (Fig. 5), then the interface for results visualization will be shown (Note: the

working path is just the same path in the config file which means the parent directory
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of both the "XIC_folder" and "quant_results" folders).

The protein list and the corresponding peptide list as well as their spectra list are
shown in the three tables (Fig. 6). These flexible table can be sorted and permuted
according to the labels in the first row.

Cpen

Look n: |work{F:> |'|

=3 $RECYCLE.BIN [ others [ treeview
3 360Downloads [ papers ] work
[ 2010ASMS_poster -3 Program Files 3 wusf
[T book 3 System Volume Information

[ BPRC_work [ test

9 MIST_work [ TestData

<]

Folder name: |F:1.Te stData

Files of Type;

Non-redundant Peptide List

ootaTEz |
_[T236 7215_[1 560716 |0.020822

[211067.30_. 0978336 |0.233698
Auamgz [1542205 10.037040

piovasza_ 1 38 (206484
hmmo? il 188 374158 54
5 4675628

36865
|190,9741

4582744.0._ [3252580.1 tz-wsaz 0271078 | 5 |
,ON 0071 810820000000 —NULL_ I 326519 1. (2683163
Fioooosss7i a0 (= joogsa3T_| (2775 EGWECS (32 |a0a70522 [S696 |2 |z 1188831118757
provioes... | T |0438393
pionzi72 10408857
103 7|1
FioosaizsT
piog7aso_ | 33
00218097 |1 291 1655
pioote20_ | 2764 2 [potasT Redundant Peptide List
PID0018763 iz [0:000000 _|0.000000 _[NUL [NULL
FON_00T1.. |6050500 10 600060 Scan | Charge |Label |
Pi002880.

PI009025...

|

[T
(1952663 [10232503
=88

rsues’a’sa (1237578
JEEELEE] .n BATa

pioozies_ | 0260835
Fiooo3 522 INULL
Pio0Z151_ |1 1, 4 (0178530
100007 402 (288 54 Ti302128 nossm
Fiooa101 [0000560 i
Pio07984_ 2 795 [61225003_ 89026303 781 0. ID.HDO 00
pio03255 . | _[EET756. 028 (0039275 |
fon_LysC | NULL

|332?6 BDJ 34?45 120..[0.957743 :0 199663
67490 _‘093?205 [pEaEEss
GOUDMU JNULL

____INULL

52546,

" [a:000a00

Figure 6: interface of SILVER-view for results visualization

4 RESULTS VISUALIZATION
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Unlike common quantification tools which only give out the quantification
results, SILVER could provide users a friendly interface to show the protein list and
its corresponding peptides and spectra (Fig. 6). If users would like to search the
peptides of a protein, all he need is just to double-click the protein in the protein list.
So does in the nrPep list.

Some necessary statistic analyses such as the histogram and scattergram of the
protein or peptide quantification distribution by clicking the menu "histogram” and
"scattergram” (Fig. 7). What's more, in order to validate the quantification results,
SILVER could also view the un-labeled and labeled XIC of each PSM (Fig. 8) by
clicking the button of "XIC view". The data visualization especially the XIC plot
could be helpful for further validation and analysis of specific proteins. In addition,
the significance test algorithm(Cox and Mann, 2008) for differential expressed
proteins mentioned in MaxQuant was implemented in SILVER.

Note: all the figures generated by SILVER-view are able to be zoomed in or out

by clicking and dragging the mouse.
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Figure 7: the histogram and the scatter gram analyses
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Figure 8: XIC view of each peptide
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