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Abstract A bibliometric analysis was conducted to evaluate the global scientific output
of proteomics research in the Science Citation Index Expanded from 1995 to 2010. The
document types, languages, journals, categories, countries, and institutions were analyzed
to obtain publication patterns. Research focuses and trends were revealed by a word cluster
method related to author keywords, title, abstract, and KeyWords Plus. Bradford’s Law and
the correlation between keywords and institutions were identified to look deeper into the
nature works. Proteomics and Journal of Proteome Research published the most articles in
proteomics research. The researchers focused on the categories of biochemical research
methods, and biochemistry and molecular biology. The USA and Harvard University were
the most productive country and institution, respectively, while China was the fastest-
growing country due to the support by Chinese government. The distribution of author
keywords provided the important clues of hot issues. Results showed that mass spec-
trometry and two-dimensional gel electrophoresis had been the most frequently used
research methods in the past 16 years; and cancer proteomics had a strong potential in the
near future. Furthermore, biologists contributed significantly to proteomics research, and
were more likely to co-operate with medical scientists.
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Introduction

Proteomics was the study of the proteome which was the entire set of proteins expressed by
a given cell, tissue or organism (Anderson 1998; Blackstock and Weir 1999). It boosted our
understanding of systems-level cellular behavior (Pandey and Mann 2000), promised a
more radical transformation of biological and medical research, and was even considered
the next step in the study of biological systems after genomics and transcriptomics (Tyers
and Mann 2003). The term “proteomics” was coined in 1997 (James 1997) three years after
Marc Wilkins posed “proteome” in a symposium (Wilkins et al. 1996). In the earlier years,
most of the proteomics research focused on the study of single-celled organisms’ complete
proteome for identifying new proteins, analyzing of protein activities or connecting genome
and proteome, such as yeast (Shevchenko et al. 1996; Washburn et al. 2001; Gavin et al.
2002), Salmonella typhimurium (Qi et al. 1996), Dictyostelium discoideum (Yan et al.
1997), Haemophilus influenza (Link et al. 1997), and Saccharomyces cerevisiae (Garrels
et al. 1997; Alm et al. 1999). With the development of proteomics, scientists gradually
turned more attention to multi-celled organisms especially for human diseases (Hanash
2003). Predictive and preventative medicine (Hood et al. 2004), drug delivery (Allen and
Cullis 2004), new drug development (Persidis 1998), new drug targets discovery (Muellner
et al. 1998), and new biomarkers discovery (Li et al. 2002; Harris et al. 2007; Zhang et al.
2004; Rifai et al. 2006) could benefit from it. Today, proteomics is widely applied in many
fields, for instance, biochemical research methods, oncology, analytical chemistry and plant
sciences. After intense basic research for more than a decade, it is time to have a look at the
history and current situation of proteomics research all around the world.

Bibliometrics, firstly introduced by Pritchard (1969), was an effective method which
had been widely used to analyze scientific production and research trends (Wang and Ho
2011). The Science Citation Index Expanded (SCI-Expanded) from the Web of Science
databases were the most important and frequently used source database for a broad review
of scientific accomplishment (Bayer and Folger 1966; Braun et al. 2000). It had widely
been used for the bibliometric analysis of various fields, such as stem cell (Li et al. 2009a),
horizontal gene transfer (Wen et al. 2009), solid waste (Fu et al. 2010), acupuncture (Han
and Ho 2011), estuary pollution (Sun et al. 2012), and photosynthesis (Yu et al. 2012). In
exited bibliometric analyses, the analyzed aspects traditionally covered languages (Alfaraz
and Calvino 2004), annual publication outputs (Chiu and Ho 2007), journals (Schubert
et al. 1989), categories (Moed et al. 1985), and contributing countries and institutions
(Schubert et al. 1989). In particular, the five indicators including total, independent, col-
laborative, first author, and corresponding author articles have been recently developed to
compare the publication performance of countries and institutions (Ho et al. 2010; Tanaka
and Ho 2011). h-index, introduced in 2005 (Hirsch 2005), has been a representative
indicator of scientific achievement (Bajwa et al. 2013). In recent years, title words, author
keywords, and KeyWords Plus which could provide a reasonably detailed picture of the
article’s subject (Garfield 1990), have been quantitatively analyzed to figure out research
emphases and trends (Chiu and Ho 2007; Fu et al. 2010; Li et al. 2011).

This study aimed to use a comprehensive method of bibliometric analysis to provide a
thoroughly graph of research on proteomics from 1995 to 2010. Document types, lan-
guages, categories, journals, countries/territories and institutions were traditionally iden-
tified to characterize the proteomics research. An innovative method-word cluster analysis
(Mao et al. 2010) of selected topics in the combination of paper titles, author keywords,
abstracts, and KeyWords Plus was also applied to map the global research trends. In
addition, the correlation of author keywords and institutions was also revealed to obtain
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information for nature works. Findings from these investigations are helpful in realizing
the breadth of proteomics research and establishing further research directions.

Methods

The data were based on the online version of the SCI-Expanded, the Thomson Reuters Web
of Science. According to Journal Citation Reports (JCR), it indexes 8,005 major journals
with citation references across 174 scientific disciplines in 2010. “Proteome”, “proteom”,
“proteomes”, “proteomic”, “proteomics”, “proteomies”, “proteomical”, “proteomical-
ly”, “proteomique”, “proteomi”, “proteomica”, and “proteomiec” were searched in terms
of topic (including four parts: title, abstract, author keywords, and KeyWords Plus) within
the publication year limitation from 1995 to 2010 based on SCI-Expanded. Articles
originating from England, Scotland, Northern Ireland, and Wales were reclassified as being
from the United Kingdom (UK) (Chiu and Ho 2005). Articles from Hong Kong published
before 1997 were included in the China category (Chuang et al. 2011). Besides, the
reported impact factor (IF) of each journal was obtained from the JCR in 2010. Contri-
butions of different institutions and countries/territories were estimated by the affiliation of
at least one author to the articles. Collaboration type was determined by the addresses of
the authors; where the term “single country article” was assigned if the researchers’
addresses were from the same country. The term “internationally collaborative article”
was designated to those articles that were coauthored by researchers from multiple
countries/territories. The term “single institution article” was assigned if the researchers’
addresses were from the same institution. The term “inter-institutionally collaborative
article” was assigned if authors were from different institutions. h-index is defined by the h
of Np papers having at least h citations each and the other (Np-h) papers have <h citations
each (Hirsch 2005).

The following discussion included two sections to determine the scientific performances
and research activity trends. The first section dealt with publication patterns of document
types, languages, categories, journals, institutions and countries. The other section focused
on the research emphases and trends by the author keywords and word cluster analysis, as
well as the correlation of keywords and institutions.

Publication patterns
Document type and language of publication

There were 43,683 publications with 16 document types indexed in the SCI-Expanded
during the 16-year study period, which including 27,956 articles. The article, as the most
popular document type, comprised 64 % of the total production and was followed distantly
by meeting abstracts (5,752; 13 %), reviews (5,665; 13 %), proceedings paper articles
(2,366; 5.4 %), editorial materials (1,062; 2.4 %), news items (237; 0.54 %), book chapter
reviews (224; 0.51 %), corrections (178; 0.41 %), letters (161; 0.37 %). The remainder
having less significance were book chapter articles (37), software reviews (25), bio-
graphical-items (6), reprints (6), database reviews (4), book reviews (3), and bibliography
(1). Journal articles represented the majority of document types, therefore 27,956 articles
were analyzed in further study. There were 15 languages in use. English, as the most
popular language, comprises 99 % of the total articles. Some other languages that were less
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used on were as follows: French (68), German (38), Japanese (33), Chinese (21), Spanish
(11), Czech (8), Polish (6), Korean (5), and Russian (2). Some other languages appeared
only once were Portuguese, Hungarian, Malay, multi-language with English and French,
and multi-language with English and Spanish. There were 216 (0.77 %) articles with
unspecified languages.

Web of Science categories and journals

Distribution of Web of Science categories and journals had been studied in research topics
(Chiu and Ho 2005). Based on the classification of categories in JCR in 2010, the article
output data of proteomics research was distributed in 164 Web of Science categories in
science edition. The top ten productive Web of Science categories are shown in Table 1.
The categories containing at least 2,000 articles were biochemical research methods
(8,899; 32 %), biochemistry and molecular biology (7,999; 29 %), analytical chemistry
(2,965; 11 %), and biotechnology and applied microbiology (2,310; 8.3 %). Nearly a half
of journals listed in both the categories of biochemical research methods and biochemistry
and molecular biology, indicating proteomics was a technology-depended subject and
played an important role in biochemistry and molecular biology (Ong and Mann 2005;
Peng et al. 2003).

In total, 27,956 articles were published in 2,359 journals including specialty journals
and journals of other disciplines. According to Bradford’s Law of Scattering (Bradford
1934), the journals were sorted in descending order in terms of number of articles, and then
divided into three “zones”. Zone one represents the most productive one-third of the total
articles, with 11 (0.47 %) of 2,359 journals. Zone two represents the next most productive
one-third of total articles, with 149 (6.3 %) of 2,359 journals, and Zone three represents the
least productive one-third of total articles with 2,199 (93 %) of 2,359 journals. The number
of journals was approximately 1:n:n® (1:14:200), followed Bradford’s law. The 11 most
productive of Bradford’s core journals are listed in Table 2. Proteomics published the most
proteome articles (2,427; 8.7 %), followed by Journal of Proteome Research (2,203;
7.9 %), and Molecular and Cellular Proteomics (1,064; 3.8 %). The percentages of the top
journals were not high, which indicated the breadth of article distribution in proteomics
research as well as the broad interest in proteomics from various research angles (Li et al.
2011). This phenomenon also appeared in certain fields, such as Atmospheric Environment
(8.7 %) in atmospheric simulation (Li et al. 2009b) and Geophysical Research Letters

Table 1 Top 10 active

categories Web of Science category TP %
Biochemical research methods 8,899 32
Biochemistry and molecular biology 7,999 29
Analytical chemistry 2,965 11
Biotechnology and applied microbiology 2,310 8.3
Cell biology 1,758 6.3
Microbiology 1,319 4.7
Genetics and heredity 1,267 4.5
Oncology 1,200 43
Biophysics 1,014 3.6
Plant sciences 904 32

TP: number of total articles
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Table 2 The 11 core journals on proteome, including the rankings, percentages, impact factors

Journals IF 2010 TP (%) Web of Science categories Rank
Proteomics 4.815 2,427 (8.7)  Biochemical research methods 13/71
Biochemistry and molecular biology 61/286
Journal of Proteome 5.460 2,203 (7.9) Biochemical research methods 9/71
Research
Molecular and Cellular 8.354 1,064 (3.8)  Biochemical research methods 5/71
Proteomics
Analytical Chemistry 5.874 790 (2.8)  Analytical chemistry 3/73
Electrophoresis 3.569 642 (2.3) Biochemical research methods 21/71
Analytical chemistry 12/73
Journal of Biological 5.328 486 (1.7)  Biochemistry and molecular biology 50/286
Chemistry
Proceedings of the 9.771 440 (1.6)  Multidisciplinary sciences 3/59

National Academy of
Sciences of the United
States of America

Bioinformatics 4.877 317 (1.1)  Biochemical research methods 12/71
Biotechnology and applied microbiology  18/160
Mathematical and computational biology  2/37

Nucleic Acids Research 7.836 310 (1.1)  Biochemistry and molecular biology 30/286

PLoS One 4411 238 (1.5)  Biology 12/86

IF 2010: impact factor in 2010 JCR, TP: number of total articles

(3 %) in global climate change (Li et al. 2011). In addition, as regards to IF, Nature
Genetics won the first place with the highest IF (IF = 36.377) with 23 articles, followed by
Nature (IF = 36.104) with 71 articles, Cell (IF = 32.401) with 64 articles, Science
(IF = 31.364) with 64 articles, and Nature Biotechnology (IF = 31.085) with 90 articles.

Countries/territories’ research performances

Each author of an article has made an independent contribution to the manuscript (Coats
2009), and therefore the country and institution the author affiliated could be consider the
important contributors for the evaluation of research. Publication count of countries was a
reference for evaluating countries research performance in a field and has been used in
many aspects of research (Li et al. 2011; Chiu and Ho 2007). The contribution of different
countries was estimated by the location of the affiliation of at least one author of the
published papers. Table 3 shows the top 19 productive countries with at least 300 articles
ranked by the number of total articles with six indicators. Among the 27,956 articles with
author address information, international collaborations articles accounted for 24 % of the
total articles, while 76 % articles were from single countries. The international collabo-
rative rate of proteomics research is higher than that in certain studies, such as 14 %
biosorption technology for water treatment (Ho 2008) and acupuncture research (Han and
Ho 2011), 16 % of desalination research (Tanaka and Ho 2011) and solid waste (Fu et al.
2010). Single country articles were published by 67 different countries, most of which
originated from the USA (7,778; 37 %), followed by China (2,066), Germany (1,541),
Japan (1,205), and the UK (1,076). The USA had the most partners accounting for 48 % of
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Table 3 Characteristics of the top 19 productive countries/territories (TP > 300)

Country TP TPR (%) SPR (%) CPR (%) FPR(%) RPR (%) S% h-index
USA 11,013 1 (40) 1 (37) 1 (48) 1 (34) 1 (34) 71 209
Germany 3,069 2 (1) 3(1.3) 2(23) 3(8.1) 3 (8.0) 67 117
China 2,758 3 (10) 2 (10) 5 (10) 2(8.8) 2 (8.7) 56 67
UK 2458 4(8.9) 5(5.1) 321 4 (6.0) 4 (6.0) 49 112
France 1,680 5 (6.0) 6 (4.2) 4 (12) 6 (4.3) 6 (4.3) 64 86
Japan 1,665 6 (6.0) 4(5.7) 10 (6.9) 5(4.9) 5(4.9) 53 74
Canada 1,405  7(5.1) 8 (3.5) 6 (10) 7(3.8) 7 (3.8) 59 91
Italy 1242 8 (4.5) 9 (3.3) 8 (8.3) 8 (3.5) 8 (3.5) 60 60
South Korea 1,062 9 (3.8) 7(3.9) 17 3.6) 9 (3.4) 9 (3.4) 65 44
Australia 854 10(3.1) 101 12(¢.1) 1122 1122 52 65
Spain 838 11(3.0) 11(21) 13(.0) 1023 1024 52 50
Netherlands 835 12(3.0) 13(L7)  9(7.0) 13(2.0) 13(20) 45 70
Switzerland 825 13(3.0) 15(12) 7(8.5) 14(1.6) 14(1.6) 44 77
Sweden 799 14(2.9) 12(1.8) 11(63) 12(20) 12(21) 46 64
Denmark 579 152.1) 16(0.94) 14(57)  16(12)  17(L.1) 44 85
Taiwan 493 16(1.8) 14 (17) 2219  15(1.5)  15(1.5) 40 36
Belgium 465 17(1.7) 18(0.86) 15(43)  18(L.1)  18(L.1) 42 53
Austria 461 18(L7) 19085 16 (42) 17(L.1)  16(12) 39 49
India 321 19(1.2)  17(093) 23(1.9)  19(0.85) 19(0.85) 56 32

TP: number of articles, TPR: the rank of total articles, SPR: the rank of single country articles, CPR: the
rank of internationally collaborative articles, FPR: the rank of first author articles, RPR: the rank of
corresponding author articles, S%: the percentage of single country articles in each country

the internationally collaborative articles, followed by Germany (1,528) with 23 % and
the UK (1,382) with 21 %. Moreover, the USA also had high first author articles (34 %)
and corresponding author articles (34 %), and the highest A-index of 209. Among the top
four countries with more than 2,000 articles, China is the only country whose A-index
was 67, <100. The phenomenon that China ranked in high position of production but
lower in terms of quality assessment was consistent with drinking water field (Fu et al.
2013).

Comparison of the growth trends of the top eight countries is displayed in Fig. 1.
Obviously, publications from China grew sharply. This could be due to a series of positive
policies motivated the rapid development of research in China. The 11th Five-Year Plan in
2001 and National Medium and Long-term Science and Technology Development Plan in
2006 (in which proteins research acted as one of the four major scientific research projects)
was approved by the Chinese government (http://www.most.gov.cn/kjgh). Similar results
were also found in the cases of atmospheric simulation research (Li et al. 2009b) and
desalination research (Tanaka and Ho 2011).

Institutions’ research performances
Publication counts of institutions was a reference for evaluating institutions research

performance in a field and had been used in many aspects of research such as lead in
drinking water (Hu et al. 2010), and acupuncture (Han and Ho 2011). The contribution of

@ Springer


http://www.most.gov.cn/kjgh

Scientometrics (2014) 98:1473-1490 1479

800 2000
C—IUSA, TP = 11013
) B {1800
700 | —&—China, TP = 2758 E
¢ Germany, TP = 3069
A UK, TP =2458 11600
6oy F TP = 1680 =
[ ] rance, = — 11400 =
a o Japan, TP = 1665 c
3 500 - * 3
] r A Canada, TP = 1405 * | |4 1200 g
P
© o ltaly, TP = 1242 _ ﬁ -
© [ A =3
© 400t _ ol | 411000 2
7 ¢ w
g a {800 >
S 300} Al /la| 2
z Al 8 5
® lo| |al{600 3
200 | ol lol
ol 4 400
100 +
E {200
0 o= 0
—_ = S a2 DN NN NN DN DN DD NN
© O © © © O O ©O O O © O © O o o
© © © © © ©O O O O O O O © O o =
g O N 00 © O = N W H» OO N 0 © O
Year

Fig. 1 Comparison the growth trends of the top eight productive countries during 1995-2010

different institutions was estimated by the institution of the affiliation of at least one author
of the published articles. Of the 27,774 articles with author addresses, 10,460 (38 %) were
single institution articles and 17,314 (62 %) were inter-institutionally collaborative arti-
cles. The inter-institutionally collaborative rate was equal to global climate change (Li
et al. 2011), but was larger than 53 % of acupuncture research (Han and Ho 2011), 44 % of
solid waste research (Fu et al. 2010), and 37 % of desalination research (Tanaka and Ho
2011). The top ten institutions were ranked by the total number of articles, single insti-
tution articles, inter-institutionally collaborative articles, first author articles, corresponding
author articles, and h-index (Table 4). Among the top ten institutions, six of them were
derived from the USA, followed by France with two institutions, and one institution for
each of China and South Korea. Leading was the Harvard University of USA with 609
articles and the highest of A-index, which had a large disparity with the others. The Harvard
University also published the most single author and collaborative articles, but the second
most first author, and corresponding author articles. Although Chinese Academy of Sci-
ences ranked 2nd with respect to publication outputs, its h-index were only 45, even lower
than the 10th position University of Texas with A-index of 55. The other two institutions
CNRS and INRA also had <50 h-indices. Concerning the trends of top six institutions with
more than 300 articles, CNRS started to publish proteomics-related articles since 1996, and
remained a mild increase across the decades (Fig. 2). It had high percent of inter-institu-
tionally collaborative articles (rank 4th) and low single-institutionally collaborative articles
(rank 52nd). This result demonstrated CNRS had strongly collaborative with other insti-
tutions ability in proteomics research. Most dramatic change occurred in USA where the
Harvard University started to step into this field in 1999, and became the most published
institution in the past 10 years till 2009. Chinese Academy of Sciences began to publish
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Table 4 Characteristics of the top ten productive institutions

Institution TP TPR SPR (%) CPR FPR (%) RPR (%) S% h-
(%) (%) index

Harvard University, USA 609 122 3.1 128 2(093) 2@091) 28 102

Chinese Academy of 518 219 131.7) 220 112 1(1.2) 25 45

Sciences, China

University of Washington, 368 3(1.3) 9(0.74) 3(1.7) 3(0.78) 3(0.74) 32 58
USA

Scripps Research Institute, 343 4(1.2) 5(1.0) 5(1.4) 5(0.72) 5(0.70) 31 75
USA

Pacific Northwest National 314 5(1.1) 2(@1.2) 13(1.1) 4(0.75 4(0.71) 33 59
Laboratory, USA

CNRS, France 300 6 (1.1) 52(0.33) 4(1.5) 22(041) 18 (0.43) 33 45

National Cancer Institute, 281 7(1.0) 19(0.56) 7 (1.3) 10 (0.56) 10 (0.52) 35 54
USA

University of Michigan, USA 279 8 (1.0) 7 (0.94) 14 (1.0) 6(0.65 6(0.62) 29 55

INRA, France 276 9 (1.0) 20(0.54) 8(1.3) 8(0.58) 9(0.56) 28 43

University of Toronto, 272 10 (1.0) 32 (044) 6(1.3) 31(0.38) 31(0.36) 28 55
Canada

TP: number of articles, TPR: the rank of total articles, SPR: the rank of single institution articles, CPR: the
rank of inter-institutionally collaborative articles, FPR: the rank of first author articles, RPR: the rank of
corresponding author articles, S%: the percentage of single institution articles in each institution

proteomics-related articles in 1999, increased quickly since then, and became the top one
after 2009. However, a bias appeared because the Chinese Academy of Sciences had
branches in many different cities (Li et al. 2009b).

Research emphases and trends
Distribution of author keywords analysis

Bibliometric methods concerning author keywords had only been found in recent years
(Chiu and Ho 2007), and their use in analyzing research trends proved to be useful (Xie
et al. 2008; Zhang et al. 2010; Li et al. 2011). Altogether 33,734 were used, 24,949 (74 %)
appeared only once and 3,895 (11.5 %) appeared only twice. The large number of once-
only used author keywords probably indicated a lack of continuity in research and a wide
disparity in research focuses (Chuang et al. 2007). Author keywords that appeared in
articles referring on proteomics from 1995 to 2010 were counted and ranked in four 4-year
periods (Table 5). Except for “proteomics” and “proteome” which were searching key-
words in this study, the three most frequently and stable used keywords were “mass
spectrometry” (MS), “two-dimensional gel electrophoresis”, and “bioinformatics”. All of
them were the traditional and essential parts of proteomics research (Boeckmann et al.
2003; Keller et al. 2002), including the separation, identification, and analysis of proteins
in a proteome (Yates 1998; Bairoch and Apweiler 2000; Ideker et al. 2001; Gasteiger et al.
2003). With the advance in MS, some new relative technologies came up,such as LC-MS/
MS, MS/MS, and MALDI-TOF-MS or MALDI-TOF MS. Their ranks and percentages
rose from #543 (0.10 %), #543 (0.10 %), #98 (0.39 %), #144 (0.29 %) in 1999-2002 to
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Fig. 2 Comparison the growth trends of the top six productive institutions during 1995-2010

#13 (1.4 %), #99 (0.36 %), #45 (0.43 %), #55 (0.58 %) in 2007-2010 respectively, indi-
cating their increasing importance and popularity in proteomics research (Peng et al. 2003;
Elias and Gygi 2007; Gerber et al. 2003; Craig and Beavis 2004).

Meanwhile, the ranks and percentages of articles with “biomarker”, “biomarkers”, and
“oxidative stress” went up, respectively, from #21 (1.3 %), #98 (0.39 %), and #243
(0.20 %) during 1999-2002 to #4 (3.1 %), #7 (2.4 %), and #9 (1.8 %) during 2007-2010.
Biomarker was a characteristic that was objectively measured and evaluated as an indicator
of normal biological processes, pathogenic processes, or pharmacologic responses to a
therapeutic intervention (Atkinson et al. 2001). Oxidative stress was thought to be involved
in the development of many diseases or may exacerbate their symptoms in humans
(Proctor 1989; Proctor and Reynolds 1984). Through the proteomics approach, scientists
intended to search the biomarkers for early diagnosis, accurate prognosis and prediction of
response to treatment in cancer (Simpson and Dorow 2001; Adam et al. 2002), and to
analysis oxidative stress in different diseases (Rabilloud et al. 2002; Butterfield 2004;
Brennan et al. 2004). On the other hand, the ranks of words such as “two-dimensional
polyacrylamide gel electrophoresis”, “2D-page”, and “2-D page” markedly descended
from #1, #38, and #38 during 1995-1998, to #213, #83, and #117 during 2007-2010. The
possible explanations for these decreases were that those were general words, and replaced
by more specific or definite author keywords, such as two-dimensional gel electrophoresis
and 2-DE. The lack of standardization among keywords assigned by authors greatly
hampered our analysis since the use of synonymous terms, spelling variations, abbrevia-
tions, and more or less specific terms made the exact interpretation of the author’s intended
meaning difficult (Li et al. 2009b).
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Table 5 Top 20 most frequently used author keywords during 1995-2010 and 4-year periods

Words in title TP 91-10 rank  91-95 rank  96-00 rank 01-05 rank 06-10 rank
(%) (%) (%) (%) (%)
Proteomics 4,716 1 (27) 3 (16) 1 (34) 127 1 (26)
Mass spectrometry 2,116 2 (12) 3 (16) 2 (15) 2 (13) 2 (11)
Proteome 1,133 3 (6.4) 1 (47) 3 (14) 3(7.1) 3(5.2)
Two-dimensional gel 764 4 (4.3) 50.4) 4 (11) 4 (6.6) 6 (2.6)
electrophoresis
Biomarker 462 5 (2.6) N/A 21 (1.3) 7 (1.9) 4 (3.1)
Bioinformatics 438 6 (2.5) 10 (4.7) 8 (3.4) 5(3.5) 8 (1.9)
2-DE 403 7(2.3) N/A N/A 6(2.2) 5 (2.6)
Biomarkers 372 8 (2.1) N/A 98 (0.39) 9 (1.9) 724)
Two-dimensional 354 9 (2.0) 38 (1.6) 5 (6.4) 8 (L.9) 11 (1.7)
electrophoresis

Oxidative stress 299 10 (1.7) N/A 243 (0.20) 10 (1.8) 9 (1.8)
Apoptosis 274 11 (1.6) 38 (1.6) 21 (1.3) 17 (1.3) 10 (1.7)
Mitochondria 256 12 (1.5) 38 (1.6) 21 (1.3) 15 (1.5) 12 (1.5)
Phosphorylation 231 13 (1.3) 38 (1.6) 35 (0.79) 18 (1.3) 14 (1.4)
Tandem mass spectrometry 221 14 (1.3) 38 (1.6) 14 (2.0) 12 (1.6) 22 (1.0)
Genomics 214 15(1.2) 8 (6.3) 6 (3.8) 16 (1.4) 26 (0.83)
Breast cancer 207 16 (1.2) N/A 35 (0.79) 19 (1.2) 17 (1.2)
Protein identification 203 17 (1.2) 509.4) 8 (3.4) 11 (1.6) 43 (0.65)
Proteome analysis 199 18 (1.1) 10 (4.7) 7 (3.5) 13 (1.5) 37 (0.70)
LC-MS/MS 199 18 (1.1) N/A 543 (0.10) 39 (0.72) 13 (1.4)
Proteomic 199 18 (1.1) N/A 33 (0.88) 26 (1.0) 15 (1.3)

TP: number of articles, N/A: not available

Contributors to author keywords

To figure out the correlation of author keywords and institutions, three most productive
departments of biology, medicine, and chemistry were categorized. Of the 27,774 articles
with author addresses, biology departments contributed the most with 18,005 articles
(65 %), followed by medicine departments with 12,258 articles (44 %), and chemistry
departments with 9,021 articles (32 %). Biologists and medical scientists worked effec-
tively with a great collaboration rate of 30 %, followed by the 26 % of biologists and
chemists, and 14 % of medical scientists and chemists. For biologists, approximately a half
articles were contributed by the co-operations with medical scientists, and two-fifths
articles were collaborated with chemists. To be specific, the relations for the top 25 author
keywords and the departments of biology, medicine, and chemistry are identified in
Table 6. The descending order of percentages for different departments were biology,
medicine, and chemistry, respectively; and for collaboration, the order were accordingly
biology and medicine, biology and chemists, and medicine and chemist for 13 author
keywords. This performance was consistent with that of total articles. It is noticeable that
as for “biomarker”, “biomarkers”, and “breast cancer”, medicine departments contributed
more than biology departments, while chemistry departments published more than medi-
cine departments only for “tandem MS”, “protein identification”, and “proteome ana-
lysis”. Similarly, biologists have more co-operations with chemists than medical scientists
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Table 6 The relations for the 20 most frequently used author keywords and departments of biology,
medicine and chemistry

Author keywords BR MR CR B and B and M and B and M and
(%) (%) (%) MR (%) CR (%) CR (%) CR (%)
Proteomics 11@1) 7@48) 9@31) 1130) 10 (25) 10 (14) 13 (12)
Mass spectrometry 10(63) 9@46) 6(36) 1031 8 (27) 9 (15) 9 (13)
Proteome 9(64) 18 (38) 17(23) 16 (25) 17 (20) 18 (10) 18 (10)

Two-dimensional gel 765 13(42) 9(@31) 15(26) 9 (26) 14 (13) 13 (12)
electrophoresis

Biomarker 18 (55) 1(65) 14 (25) 3 (40) 16 (21) 3 (18) 3 (16)
Bioinformatics 1(73) 6(51) 13(26) 143) 13 (23) 10 (14) 9 (13)
2-DE 3(68) 10(44) 14 (25) 732 13 (23) 17 (12) 17 (11)
Biomarkers 19 (54) 2(61) 17 (23) 4 (38) 18 (19) 10 (14) 9 (13)
Two-dimensional 11 (61) 15(40) 16 (24) 16 (25) 11 (24) 14 (13) 13 (12)
electrophoresis
Oxidative stress 11(61) 748 338 634 7 (28) 1 (20) 2 (17)
Apoptosis 3(68) 3(60) 1227) 241 11 (24) 517) 4 (15)
Mitochondria 7(65) 13(42) 5@37) 129 4 (30) 7 (16) 4 (15)
Phosphorylation 5(6) 52 8@35 732 4 (30) 517) 4 (15)
Tandem mass 17 (57) 15(40) 1(48) 18 (24) 1(33) 3 (18) 7 (14)
spectrometry
Genomics 20 (47) 15 (40) 20 (16) 20 (18) 20 (13) 20 (6.1) 20 (5.6)
Breast cancer 16 (58) 4(59) 11(28) 4 (38) 15 (22) 7 (16) 7 (14)
Protein identification 11 (61) 19(34) 2@l 1427 4 (30) 10 (14) 9 (13)
Proteome analysis 5(66) 20@31) 6@36) 19(21) 2 (32) 14 (13) 13 (12)
LC-MS/MS 2(69) 10(44) 338 732 2 (32) 1 (20) 1 (18)
Proteomic 15(59) 1044) 17 (23) 12 (29) 18 (19) 19 (8.0) 19 (6.5)

BR: the rank of articles published by biology departments, MR: the rank of articles published by medicine
departments, CR: the rank of articles published by chemistry departments, B and MR: the rank of articles
published by biology and medicine departments, B and CR: the rank of articles published by biology and
chemistry departments, M and CR: the rank of articles published by biology and chemistry departments, B
and M and CR: the rank of articles published by biology, medicine, and chemistry departments

for five words including “mitochondria”, “tandem MS”, “protein identification”, “pro-
teome analysis”, and “LC-MS/MS”. In particular, chemists were likely to work together
with biologist and medical scientist, instead of working independently in proteomics
research.

Hot issues

Based on the important clues from author keywords analysis, the research emphases were
summed by some synonymic single words and congeneric phrases to analyze the historical
development of the science (Mao et al. 2010). Research trends in proteomics were sepa-
rated into two categories research methods including two dimensional electrophoresis
(2DE) and MS, and affected items including cancer and plants. The topic 2DE contained
the words “2 (-) dimensional electrophoresis”, “2 (-) DE” or “2d (-) page”, “2 (-) D dige”,
“2 (-) d electrophoresis”, “two dimensional gel electrophoresis”, “2 (-) dimensional gel
electrophoresis”, “two dimensional polyacrylamide gel -electrophoresis”, “2 (-)
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dimensional polyacrylamide gel electrophoresis”, and “difference gel electrophoresis”.
The topic MS contained the words “MS” and “mass spectroscopy”. The topic cancer
contained the words “cancer”, “carcinoma”, “tumor”, and “metastasis”, and the topic

» « ELINT3 ELINT3

plants contained the words “rice”, “Oryza sativa”, “arabidopsis”, “wheat”, “soybean”,
“maize”, “tomato”, “Medicago truncatula”, “Zea mays”, “grape” and “sod”. 2DE and
MS were two most important and standard technologies in proteomics research (Gygi et al.
2000; Imai and Mische 1999). 2DE was a powerful separation technique, which allows
simultaneous resolution of thousands of proteins (Gorg et al. 2004), and MS had
increasingly become the method for analysis of complex protein samples (Aebersold and
Mann 2003; Mann et al. 2001). At the end of 2010, both of them had distinctly high
incidence, being mentioned in 6,728 and 13,786 articles respectively. “Cancer proteomics”
was the analysis of molecular pathogenesis of cancer by analyzing global protein
expression in tumors, tumor cells or extracellular fluids from cancer patients (Blackstock
and Weir 1999), and it had been widely applied to cancer research (Kolch and Pitt 2010).
There was an increasing number of reports on the clinical application of proteomics
research for risk assessment, diagnosis, prognosis, and management of cancer (Zhang and
Chan 2005). For plants, proteomics was becoming increasingly important for the study of
many different aspects of plant functions, revealing molecular mechanisms underlying
plant growth, development, and interactions with the environment (Chen and Harmon
2006). It will ultimately enable predictable engineering of plant processes that were
important to crop yield, nutrition, and defense (Nelson et al. 2006; Macherel et al. 2007;
Jung et al. 2006; Lee et al. 2007).

Figure 3 showed the research trends for four topics of “2DE”, “MS”, “cancer”, and
“plants” from 1995 to 2010. The number of articles related MS increased rapidly from
2002, while one related 2DE increased slower or decreased after 2006. This was because
that 2DE was an old fashioned technology with many limitations (Cellulaire 2002), and a
great deal of progress on MS had been made in the last 10 years (Wolters et al. 2001;
Clauser et al. 1999). While 2DE was introduced in the mid-70s (Macgillivray and Wood
1974; Klose 1975; O’Farrell 1975), its real expansion as a useful technique had to wait for
the development of microanalytical techniques able to identify proteins at the amounts
available from 2-D gels. MS had greatly increased the power of this microcharacterization
step (Gygi et al. 2000). With the increased performance and versatility of the proteomics
instrumentation, new protein analytical strategies had emerged in which MS was the
central element, such as matrix-assisted laser desorption/ionization time-of-light MS
(MALDI-TOF-MS) and electrospray ionization-quadrupole ion trap MS (ESI-Q-IT-MS)
(Domon and Aebersold 2006; Shevchenko et al. 2001; Kinter and Sherman 2000). Now,
MS was joined by antibody and protein—protein interaction arrays (Rual et al. 2005; Wolf-
Yadlin et al. 2009), fluorescence-and flow cytometry-based detection of proteins, post-
translational modifications (PTMs) (Schulz et al. 2007), and optical spectroscopic methods
of proteome analysis (Fournier et al. 2009; Faley et al. 2009). Therefore, it was expected
that MS would grow constantly in the next decades. Referring to the items about cancer
and plants in proteomics, more attention was paid to the research on “cancer”. The number
of articles related to “cancer” exceeded that of “plants” after 1998, being mentioned in
6,212 articles at a rate of over 100 articles in 2003, 2004, 2005, 2008, 2009, and 2010. For
most cancers, survival rates depended on the early detection of the disease (Seibert et al.
2005). Proteomics technologies had brought the hope of discovering novel early cancer-
specific biomarkers in complex biological samples (Gygil et al. 1999). Moreover, it helped
us gain functional understanding of the pathways that were deranged in cancer (Kolch and
Pitt 2010). Global-expression proteomics (Celis et al. 1999; Celis et al. 2000) and cell-
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Fig. 3 Growth trends of hotspot-related articles in the recent 16 years

mapping proteomics (Lewis et al. 2000; Verhagen et al. 2000; Zhang et al. 1999) will
contribute to significant advances in understanding cancer. In plants proteomics, after the
first plant large-scale proteomic work (Kamo et al. 1995), the full potential of proteomics
was far from being exploited, especially compared to humans. Even so, proteomics was
providing new information, validating, complementing or correcting that information
already provided by different approaches, as a consequence, giving us a deeper knowledge
of plant biology (Jorrin et al. 2007).

Conclusion

This study on proteomics dealing with SCI-Expanded obtained some significant points on
the research performance throughout the period from 1995 to 2010. Proteomics and
Journal of Proteome Research were the most productive journals. The categories of bio-
chemical research methods, and biochemistry and molecular biology hold about one-third
of proteomics research, respectively. The USA took the lead in total publications, while
China had the quickest increasing based on its national policy. The most productive
institution was Harvard University, but one China’s institution, Chinese Academy of
Science, surpassed it in 2010. However, the lower h-indices of China and Chinese
Academy of Science indicated that the quality of research needs to be improved. Fur-
thermore, the innovatively analyzed distribution of author keywords provided important
clues for research emphases. The trend analysis of hot issues based on title words, author
keywords, abstract words, and KeyWords Plus indicated that 2-DE and MS were the two
major technology of proteomics research, and proteomics research related to cancer will
continue being the emphases in the foreseeable future. Biologist contributed the most to
proteomics research, and had significant co-operation with medical scientists and chemists.
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