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ABSTRACT

Since 1980s, China has made great performance at economic growth, and greatly improved its innovation level. As one
of the most important aspect of emerging technology industry, biotechnology industry has also gotten great develop-
ment. And, as the most important representation index of innovation activity, number and growth of biotechnology pat-
ents are also significant. Using OECD’ s standard of biotechnology patents as the method to collect the data of biotech-
nology patents, this paper got detailed data of biotechnology patents in China, including spatial distribution data across
31 provinces, autonomous regions, municipality directly under the central government, and time series data from 1985 to
2010. And further, this paper constructed quintic overdetermined equation of one variable to simulate the trend of patent
number varying with the time from 1985 to 2010, made use of Matlab Software and took the solution of simulation
model. After F-test, it is believed that the simulation model is reliable. Based on this model, scientific estimation about
the distribution of biotechnology patents in Chinafrom 2011 to 2015 is presented.
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1. Introduction

Since 1980s, world economy structure is undergoing a
new round of major adjustment. High technology indus-
tries, such as biotechnology industry, rise quickly, which
radiates and drives the development of the whole econ-
omy. Life science and biological technology is currently
one of the most active fields among the innovations of
science and technology, biological economy, led by life
science and biotechnology, will cause profound changes
to the global economic structure and great adjustment to
the interest pattern. This entire situation makes global
economy, science and technology development pattern
undergo a profound and significant change. The overall
trend of world economy growth has had a profound and
important influence on the international protection of
intellectual property rights. Economic competition be-
tween countries has aready been trandated into competi-
tion of patents. For developed countries, patent strategy
isone part of its global strategy to monopolize the global
market. More and more countries and enterprises realize
that intellectual property is the most important strategic
resource for improving their core competition capabili-
ties[1].

As a member of WTO, China has its crucia task to
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develop high-tech industries in order to meet the chal-
lenge of globalization. As for biotechnology industry,
China has also got great development since 1980s. By
2010, China s biotechnology industry value has reached
500 billion RMB Y uan. In the field of high technology of
China, biotechnology is the most possible field which
can achieve leaping over. National Long-term Science
and Technology Development Plan of China has incor-
porated biotechnology in and regarded it as the strategic
focus during the next 15 years. In June 5, 2008, the Sate
Council promulgated “Outline of the national intellectual
property strategy”, decided to put intellectual property
strategy into effect. Based on this situation, it is signifi-
cant to find the rule of time series change and the spatial
distribution across 31 provinces, autonomous regions, mu-
nicipality directly under the central government in China,
and supply some advices for government decisions by
studying on the trend of patents quantities in China from
the middle age of 1980still now.

2. Definition of Biotechnology and
Biotechnology Patent Classification
2.1. Definition of Biotechnology

In 2002, the OECD developed both a single definition of
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biotechnology and a list-based definition of different bio-
technology techniques, the list-based definition of bio-
technology was revised in 2005. The OECD recommends
that statistical agencies provide both of these definitions
to survey respondents when collecting data on biotech-
nology activities.

The single definition defines biotechnology as: “ The ap-
plication of science and technology to living organisms,
aswell as parts, products and models thereof, to alter living
or non-living materias for the production of knowledge,
goods and services[2]”.

The single definition got beyond all modern biotech-
nology but also many traditional or borderline activities.
For this reason, the OECD recommends that the single
definition always be accompanied by the list-based defi-
nition, which operationalizes the definition for measure-
ment purposes.

The list of biotechnology techniques functions as an
interpretative guideline to the single definition. Thelist is
indicative rather than exhaustive and is expected to
change over time as data collection and biotechnology
activities evolve. In 2008, OECD member countries de-
cided to begin work on revising and updating the list-
based definition.

OECD list-based definition of biotechnology techni-
ques[2].

DNA/RNA: Genomics, pharmacogenomics, gene probes,
genetic engineering, DNA/RNA sequencing/synthesisam-
plification, gene expression profiling, and use of anti-
sense technol ogy.

Proteins and other molecules. Sequencing/synthesis/
engineering of proteins and peptides (including large mo-
lecule hormones); improved delivery methods for large
molecule drugs; proteomics, protein isolation and purifi-
cation, signaling, identification of cell receptors.

Cell and tissue culture and engineering: Cell/tissue
culture, tissue engineering (including tissue scaffolds and
biomedical engineering), cellular fusion, vaccine/immune
stimulants, embryo manipulation.

Process biotechnology techniques: Fermentation us-
ing bioeactors, bioprocessing, bioleaching, biopulping,
biobleaching, biodesul phurisation, biotemediation, biofil-
tration and phytoremediation.

Gene and RNA vectors: Gene therapy, viral vectors.

Bioinformatics. Construction of databases on genomes,
protein sequences, modeling complex biological proc-
esses, including systems biology.

Nanobiotechnology: Applies the tools and processes
of nano/microfabrication to build devices for studying
biosystems and applications in drug delivery, diagnostics
etc.

2.2. Biotechnology Patent Classification

Patent index is one of an important element among a
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series of index which is used to measure biological activ-
ity, because it can reflect some information which the
other indices can not reflect. Patents are important in all
technical fields, as for the new and specia fields such as
biotechnology, patents may be even more important. In
the field of biotechnology, patents are widely used to
protect the invention; therefore, we can use the patent
statistics to find some transitional process of biotechnol-
ogy activities. Moreover, the patent for biotechnology
establishments is very important, because a lot of enter-
prises have no other activities but for R & D, therefore,
these enterprises do not directly utilize their invention,
but sell them, or franchise to other enterprises. In this
way, it isvery important for legal protection.

From biotechnology patent indicators, the OECD
members' biotechnology activity level can be seen. How-
ever, in order to use patent information to get accurate
understanding for biotechnology activity, it is very im-
portant to develop a powerful definition for biotechnol-
ogy patents. In recent years, OECD has adopted various
methods to carry out test work for developing biotech-
nology patent operable definition. Recently, a description
type definition of biotechnology patents formed. This
definition got beyond modern biotechnology (genetic
engineering), while filtering out the non biotechnology
patent. Patent classification experts extracted a form in-
dependently from the International Patent Classification
(IPC) code; the basic conclusion is that this new plan will
include biotechnology patents in the vast majority of
proportion. At the fourth special session of biological
statistics (2003), the biotechnology of refining the defini-
tion has been adopted.

Biotechnology patents is defined as follows, the code
for International Patent Classification (IPC) in one of
the following codes of the patent: AO1H1/00, A01H4/00,
A61K38/00, A61K39/00, A61K48/00, CO2F3/34, CO7G-
11/00, C07G13/00, CO7G15/00, CO7K4/00, CO7K 14/00,
C07K16/00, CO7K 17/00, CO7K19/00, C12M, C12N, C12P,
C12Q, C12S, GO1N27/327, GOIN33/53", GO1N33/54’,
GO1N33/55", GOIN33/57", GO1N33/68, GO1IN33/74, GO-
1IN33/76, GOIN33/78, GO1IN33/88 and GO1N33/92. Add:
"Code also includes the lower level code. For example,
the code in GOLIN33/53, the next level code, namely
GO1N33/532 aso included [3,4].

3. Spatial and Technological Distribution of
Biotechnology Patentsin China

3.1. Technological Distribution

Using OECD'’s standard of biotechnology patents as the
method to collect the data of biotechnology patents, this
paper searched different types of patents which apply and
were authorized in China, including invention patens and
utility model patents, we got detailed data of biotechnol-
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ogy patents in China, as shown in Tables 1 and 2, which
represents the spatial and technological distribution re-
spectively.

From Table 1, we can see, most of the biotechnology
patents in China focus on the following technological
fields, C12M (Apparatus for enzymology or microbiol-
ogy), C12N (Micro-organisms or enzymes,; compositions
thereof), C12P (Fermentation or enzyme-using processes
to synthesise a desired chemical compound or composi-
tion or to separate optical isomers from a racemic mix-
ture), and C12Q (Measuring or testing processes involv-
ing enzymes or micro-organisms, compositions or test
papers therefor; processes of preparing such composi-
tions; condition-responsive control in microbiological or
enzymological processes). These four technological fields
patents account for 81.36% percent of total patents.

3.2. Spatial Distribution

From the aspect of spatial distribution, this paper searched
biotechnology patents from the website of State Intellec-
tual Property Office (SIPO), and got the patents applied

in 31 provinces of China, the total number is 37,106, the
distribution is shown at Table 2.

The histogram is shown in Figure 1.

Biotechnology patents are highly concentrated in afew
provinces. Shanghai and Beijing account for 35.92% per-
cent of total biotechnology patentsin 31 provinces, auto-
nomous regions, and municipality directly under the cen-
tral government in China from 1985 to 2010. Shanghai,
Beijing, Jiangsu, Guangdong, Zhejiang and Shandong
account for 66.06% percent of total biotechnology pat-
ents. We can see the distribution of biotechnology pat-
ents is extremely unbalanced. The above six provinces
and municipality directly under the central government
are the most developed locations in China, and their in-
novation level are also high.

4. Trend of Biotechnology Patentsin China
4.1. Data Source and Model Design

From the website of State Intellectual Property Office
(SIPO), we can find the whole sum of patents of China

Table 1. Technological distribution of biotechnology patentsin China.

IPC Code Irlglaigtqitzn . I|=i>f';1)t/e'\r<|t(sjdel IPC Code '%ﬂ? . gge“r?tgdd IPC Code Irll:\’/aizgt]itc;n . ';ige“.ftgdd
A01H1/00 188 0 CO02F3/34 391 80 GO1N27/327 312 24
A01H4/00 1285 52 C07G11/00 5 0 GO1IN33/53 1337 232
A61K38/00 562 0 C07G13/00 2 0 GO1N33/54° 969 135
A61K39/00 479 C07G15/00 1 0 GO1N33/55° 327 122
A61K48/00 704 CO07K4/00 5 0 GO1IN33/57 952 140
Ci12M 1963 3034 CO07K 14/00 875 0 GO1N33/68 783 46
CI12N 26855 92 C07K 16/00 244 1 GO1IN33/74 74 6
C12Q 9190 231 C07K17/00 15 0 GO1IN33/76 12 5
C12P 6627 21 C07K 19/00 656 0 GO1IN33/78 13 0
Ci12s 6 0 GO1N33/88 2 0
GO1N33/92 34 0
Table 2. Spatial distribution of biotechnology patents across 31 provinces of China.
Province Number Province Number Province Number Province Number
Shanghai 6800 Heilongjiang 899 Anhui 442 Guizhou 128
Beijing 6528 Sichuan 733 Hebei 415 Ningxia 64
Jiangsu 3572 Fujian 712 Gansu 286 Xizang 38
Guangdong 3214 Shaanxi 666 Guangxi 273 Qinghai 37
Zhgjiang 2338 Y unnan 644 Jiangxi 268
Shandong 2059 Hunan 635 Xinjiang 228
Hubel 1607 Chongging 609 Shanxi 184
Tianjin 1212 Jilin 583 Hainan 167
Liaoning 1046 Henan 578 Neimonggu 141
Copyright © 2012 SciRes. 1B



96 Empirical Study on the Distribution and Growth Trend of Biotechnology Patentsin China

from 1985 to 2010, including invention patent and utility
model patent, as shown in Table 3. In this paper, ac-
cording to the patents number of each year, a simulation
model of overdetermined equation group is constructed
to describe the distribution and developmental trends of
patents from 1985 to 2010. To verify the fitting degree of
the simulation model, statistics test methods such as F
test are used to verify the fitting degree. The whole solv-
ing process is underdone by Matlab software.

According to the data shown in Table 3, atrend curve
of the number of patents (observed value) varying with
the time (year) is drawn. Assume that there has one par-
alel curve intersect with the trend curve, k points are
obtained. Regarding time (year) X, as independent va-
riable, number of patents Y, as dependent variable, k
overdetermined equation of one variable is constructed,

20
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Number of Biotechnology Patents across 31
provinces in China

Figure 1. Histogram of spatial distribution for biotechnol-
ogy patentsin China.

Table 3. Data of biotechnology patens of China from 1985 to
2010.

Year 1985 1986 1987 1988 1989 1990 1991
PatentsNumber 90 131 158 179 155 164 165
Year 1992 1993 1994 1995 1996 1997 1998
PatentsNumber 213 314 446 524 711 784 928
Year 1999 2000 2001 2002 2003 2004 2005
Patents Number 1463 2874 2036 2373 3193 3578 4354
Year 2006 2007 2008 2009 2010

Patents Number 4395 5460 7215 7960 6879

a. Data Source: website of SIPO of China http://www.si po.gov.cn/tjxx/
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[5,6], as shown in Equation (1).

Yo=ax +ax T+ +ao X +ax+a, (1)

Inwhich, k>1, a,a,, -8, aeconstants.
In matrix forms, Equation (1) can be written as fol-
lows:

Yia = th(k+1)A(k+1)x1 @)
Inwhich, Y,, = [yl, yz,-",yt]T )
T
A(k+l)><l = [ai!az""’akﬂ] !

A A
Xk k-1 1 1

X =| 2 0 ®)
X[k X[kfl )q'l. 1

Take the year number shown in Table 1 into Y, of
Equation (2), the data of patents into Equation (3), k
overdetermined equation of one variable about parameter
A1y s gotten. Under this condition, parameter
A of Equation (2) has aleast square solution

A thus the equation ”X[X(kﬂ),&(kﬂ)d—ml 2has a

(k+1)x1

(K+1)<1 2

=Y,

minimum solution [7] which could be expressed as:
tx1 5 (4)

‘x A Ay —Yo

Make use of Equation (1), and appoint k=5, aquin-
tic polynomial is utilized to process fitting. The tota
amount of patents is Y,, time number is x , and then
the total amount of patents varying with the time can be
expressed as:

Y=ax +8,% +8,X +a,X +3 ()

Take the data “whole Sum of Patents’ shown in Table

1 into (5), and dissolve the overdetermined equation

group constructed by (5), solutions of parameters are: a;

=-0.0549, a, = 3.2026, a; = —42.6734, a, = 212.2423, a5

= -149.8777. The comparison figure between simulation
curve and real curveisshownin Figure 2.

= min“x
2

tx(k+1)" Y (k+1)x1 tx(k+1)" Y (k+1)x1

4.2. Forecast Data

From the above description, it is believed that the fitting
degree between the simulated and real curveis good. The
simulation model can be used to forecast the data of
coming years. The forecast patents data of 2011, 2012,
2013, 2014 and 2015 are shown in Table 4.

From Table 4, it can be seen that the growth rate of

Table 4. Theforecast data of the coming years.

Year 2011 2012 2013 2014 2015
Patent Number 8344 8910 9411 9831 10149
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Figure 2. The comparison between simulation curve and real
curve of biotechnolohy patents.

patents keeps about 30% in the coming years, and the
growth rate of invention patents is slower than those of
other two kinds of patents.

4.3. Test Method and Result

In order to test the reliability of the simulation model, F-
test method is used as below.
Total sum of squares of deviations:

Q= (%-y) ©

Equation (9) described the total dispersion degree of
the observe value v,,y,,---,y, for dependable variable
Y . Decompounds Q; to two parts, that is, square sum
of residuals (Qg) and sum of squares of deviations in
regression (Qg ).

QT :QE +QR (7)
Inwhich
Q=2(%-%)1 Qx=2(5%-9)
i=1 i=1
test statistics:
Qe/k
=—_ _~F(k,n-k-1 (8)
Q/n-kg FnTY
As for the given significance o, test whether F is
bigger than F, .

To test Equation (5), n = 26, k = 6, Qy = 1.5559e+008,
Qr = 1.5191e+008, Qg = 3.6856e+006,
F =96.1725> F,, (6,19) =3.94

From the test result, we can conclude that Equation (5)
reached the significance level.
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5. Conclusion

Firstly, the most of the biotechnology patents in China
focus on the following IPC codes, C12M, C12N, C12P,
and C12Q. These four technological fields patents ac-
count for 81.36% percent of total patents. Secondly, the
spatial distribution of biotechnology patents in China is
extremely unbalanced, severa comparatively developed
locations, including Shanghai, Beijing, Jiangsu, Guang-
dong, Zhgjiang and Shandong, account for 66.06% per-
cent of total biotechnology patents. Thirdly, the trend of
biotechnology patents number varying with time from
1985 to 2010 in China can be explained by quintic over-
determined eguation of one variable. The fitting degreeis
well. Under the F-test, the significance level of the simu-
lation model is aso good. From the simulation model, we
can get the forecast data about the several coming years.
It is helpful for decision support. And finally, the smula-
tion curve is steep, especially after 2000, it shows that
self-innovation strategy of China has taken great effect in
the decades.
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