
DPHL: A Computational MS/MS Data Resource Enabling Robust Protein Biomarker 
Discovery using Data-Independent Acquisition and Parallel Reaction Monitoring

W
E

S
T

L
A

K
E

U
N

I
V

E
R

S
I

T
Y

Tiansheng Zhu1,2,30 #, Yi Zhu 1,2 #, Yue Xuan3 #, Huanhuan Gao1,2, Xue Cai1,2, Sander R. Piersma4, Thang V. Pham4, Tim Schelfhorst4, Richard R Goeij De Haas4, Irene V. Bijnsdorp4,5, Rui Sun1,2, Liang Yue1,2, Guan Ruan1,2, Qiushi Zhang1,2, Mo Hu6, Yue Zhou6, Winan J. Van Houdt7, T.Y.S Lelarge8, J. Cloos9, Anna Wojtuszkiewicz9, Danijela Koppers-Lalic10, Franziska Böttger11, Chantal Scheepbouwer12,13, R.H Brakenhoff14, G.J.L.H. van Leenders15, Jan N.M. Ijzermans16, J.W.M. Martens17, R.D.M. Steenbergen13, N.C. Grieken13, Sathiyamoorthy Selvarajan18, Sangeeta Mantoo18, Sze Sing 
Lee19, Serene Jie Yi Yeow19, Syed Muhammad Fahmy Alkaff18, Nan Xiang1,2, Yaoting Sun1,2, Xiao Yi1,2, Shaozheng Dai20, Wei Liu1,2, Tian Lu1,2, Zhicheng Wu1,2,30,Xiao Liang1,2, Man Wang21, Yingkuan Shao22, Xi Zheng22, Kailun Xu22, Qin Yang23, Yifan Meng23, Cong Lu24, Jiang Zhu24, Jin’e Zheng24, Bo Wang25, Sai Lou26, Yibei Dai27, Chao Xu 28, Chenhuan Yu29, Huazhong Ying29, Tony Kiat-hon Lim18, Jianmin Wu21, Xiaofei Gao1,2, Zhongzhi Luan20, Xiaodong Teng25, Peng Wu23, Shi’ang Huang24, Zhihua Tao27, N. Gopalakrishna Iyer19, Shuigeng Zhou30, Wenguang Shao31, Henry 
Lam32, Ding Ma23, Jiafu Ji 21, Oi Lian Kon19, Shu Zheng22, Ruedi Aebersold31,33, Connie R. Jimenez4, Tiannan Guo1,2*
1School of Life Sciences, Westlake University, Hangzhou, Zhejiang, China, 2Institute of Basic Medical Sciences, Westlake Institute for Advanced Study, Hangzhou, Zhejiang, China, 3ThermoFisher Scientific (BREMEN) GmbH, Bremen, Germany, 4OncoProteomics Laboratory, Dept. of Medical Oncology, VU University Medical Center, VU University Amsterdam, Amsterdam, The Netherlands,5Amsterdam UMC, Vrije Universiteit Amsterdam, Urology, Cancer Center Amsterdam, Amsterdam, The Netherlands, 6Thermo Fisher Scientific, Shanghai, China, 7 The Netherlands Cancer Institute, Surgical Oncology, Amsterdam, The Netherlands, 8Amsterdam UMC, Vrije Universiteit Amsterdam, Surgery, Cancer Center Amsterdam, The Netherlands, 9Amsterdam UMC, Vrije Universiteit Amsterdam, 
Pediatric Oncology/Hematology, Cancer Center Amsterdam, The Netherlands,  10Amsterdam UMC, Vrije Universiteit Amsterdam, Hematology, Cancer Center Amsterdam, The Netherlands, 11Amsterdam UMC, Vrije Universiteit Amsterdam, Medical Oncology, Cancer Center Amsterdam, The Netherlands, 12 Amsterdam UMC, Vrije Universiteit Amsterdam, Neurosurgery, Cancer Center Amsterdam, The Netherlands, 13Amsterdam UMC, Vrije Universiteit Amsterdam, Pathology, Cancer Center Amsterdam, Amsterdam, The Nether-lands, 14Amsterdam UMC, Vrije Universiteit Amsterdam, Otolaryngology / head and neck surgery, Cancer Center Amsterdam, The Netherlands, 15Erasmus MC University Medical Center, Pathology, Rotterdam, The Netherlands, 16Erasmus MC University Medi-
cal Center, Surgery, Rotterdam, Netherlands, 17Erasmus MC University Medical Center, Medical Oncology, Rotterdam, Netherlands, 18Department of Anatomical Pathology, Singapore General Hospital, Singapore, 19Division of Medical Sciences, National Cancer Centre Singapore, Singapore, 20School of Computer Science and Engineering, Beihang University, Beijing, China, 21Key laboratory of Carcinogenesis and Translational Research (Ministry of Education), Department of Gastrointestinal Translational Research, Peking University Cancer Hospital, Beijing, China, 22Cancer Institute, Key Laboratory of Cancer Prevention and Intervention, China National Ministry of Education, Key Laboratory of Molecular Biology in Medical Sciences; The Second Affiliated Hospital, Zhejiang University School 
of Medicine, Hangzhou,Zhejiang, China, 23Cancer Biology Research Center (Key laboratory of the ministry of education), Tongji Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei, China, 24Center for Stem Cell Research and Application, Union Hospital, Tongji Medical College, Huazhong University of Science and Technology, Wuhan, Hubei, China, 25Department of Pathology, The First Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, Zhejiang, China, 26Phase I Clinical Research Center, Zhejiang Provincial People's Hospital, Hangzhou, Zhejiang, China, 27Department of Laboratory Medicine, The Second Affiliated Hospital, Zhejiang University School of Medicine, Hangzhou, Zhejiang, China, 28College of Mathematics and 
Informatics, Digital Fujian Institute of Big Data Security Technology, Fujian Normal University, Fuzhou, China, 29Key Laboratory of Experimental Animal and Safety Evaluation, Zhejiang Academy of Medical Sciences, Hangzhou, Zhejiang, China, 30School of Computer Science, and Shanghai Key Lab of Intelligent Information Processing, Fudan University, Shanghai, China, 31Department of Biology, Institute for Molecular Systems Biology, ETH Zurich, Switzerland, 32Department of Chemical and Biological Engineering, The Hong Kong University of Science & Technology, Clear Water Bay, Kowloon, Hong Kong, China, 33Faculty of Science, University of Zurich, Switzerland. 

* To whom correspondence should be addressed. Tel: +86 752 86886875; Email: guotiannan@westlake.edu.cn              #, The authors wish it to be known that, in their opinion, the first three authors should be regarded as joint First Authors.

To answer the increasing need for detecting and validating protein biomarkers in clinical specimens, proteomic techniques are 
required that support the fast, reproducible and quantitative analysis of large clinical sample cohorts. Targeted mass spectrometry 
techniques, specifically SRM, PRM and the massively parallel SWATH/DIA technique have emerged as a powerful method for 
biomarker research. For optimal performance, they require prior knowledge about the fragment ion spectra of targeted peptides. 
In this report, we describe a mass spectrometric (MS) pipeline and spectral resource to support data-independent acquisition 
(DIA) and parallel reaction monitoring (PRM) based biomarker studies. To build the spectral resource we integrated common 
open-source MS computational tools to assemble an open source computational workflow based on Docker. 

Figure 1. Workflow for building the DPHL. (A) Schematic representation of DDA shotgun proteomics data acquisi-
tion. Numbers in parentheses indicate the number of DDA files per tissue type. B-E. Computational pipeline for build-
ing DIA spectral library. (B) Protein identification and iRT detection from DDA raw files using pFind. (C) SiRT detec-
tion and calibration.(D) CiRT detection and calibration. (E) Generation of the DPHL library. 
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Figure 3. Prostate cancer proteome using 60-min gra-
dient DIA. (A) Peptide and protein identification 
using SiRT and CiRT. (B) Technical reproducibility 
of proteome matrix using CiRT and SiRT. (C) Com-
parison of quantified peptide precursors using the 
SiRT and CiRT methods. (D) 2D plane t-SNE plot of 
disease classes, color coded by sample type using 
CiRT and SiRT.

(E) Boxplots and ROC curves showing the signifi-
cantly dysregulated proteins; p-values are shown 
under each protein name. 

Figure 4. DIA analysis of plasma samples from 
DLBCL patients and healthy subjects. (A) Tech-
nical reproducibility for protein quantification of 
four plasma samples from DLBCL patients and 
healthy subjects. (B) 2D plane t-SNE plot show-
ing the proteomes are separated. (C) Volcano 
plot showing significantly downregulated (blue) 
and up-regulated (red) proteins in the 37 plasma 
samples. (D) Each box shows the expression of a 
protein biomarker candidate. Left panel: box-
plots show the expression difference with P values 
computed using Student's t-test adjusted by the 
Benjamini-Hochberg method. Right panel: ROC 
curves of the respective dysregulated protein. 

Figure 2. Comparison of DPHL and PHL. (A) 
Venn diagram showing the comparison of 
transition groups, unique peptide sequences, 
protein groups, and proteins in DPHL and 
PHL. (B) Visualization of set intersections 
using R package UpSet. (C) The bar plots dis-
play the number of transition groups (peptide 
precursors), unique peptide sequences, protein 
groups, proteotypic SwissProt proteins in 
DPHL library for each sample type.

In this study, we have developed an open-source platform consisting of a computational pipeline to generate spectral libraries for DIA and PRM analyses on 
Orbitrap instruments. We also reported a reference spectral library, which can be used to identify and validate protein biomarkers in clinical samples using 
DIA-MS. 
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