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Abstract

[Bn/EX] The accumulation and inheritance of knowledge propel the develop-
ment of human society. This study proposes employing knowledge genes from
scientific literature to investigate the inheritance and variation of knowledge,
aiming to provide a more intuitive and comprehensive insight into knowledge
transmission and evolutionary changes. [/3%/i2#8] By dissecting the concept of
knowledge genes, this research establishes their significance and explores specific
research objects; proposes two approaches for content expression of knowledge
genes in scientific literature and categorizes their types; analyzes the primary
factors influencing the inheritance and variation of knowledge genes and designs
methodologies for identifying these genetic and variational processes. [&%R/%
2] Through the identification of knowledge genes in scientific literature, this ap-
proach can effectively reveal knowledge inheritance and iteration across different
documents, thereby fostering the development and refinement of the knowledge
gene theoretical framework.
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Abstract: [Purpose/Significance] The accumulation and inheritance of knowl-
edge drive the development of human society. This paper proposes to study
the inheritance and variation of knowledge using the knowledge gene concept
in scientific literature, aiming to provide a more intuitive and comprehensive
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perspective on knowledge inheritance and evolution. [Method/Process] By ana-
lyzing the narrow and broad definitions of knowledge genes, this study clarifies
their research significance and explores specific research objects. Two meth-
ods for expressing knowledge genes in scientific literature are proposed, and
the types of knowledge genes are summarized. The main factors affecting the
inheritance and variation of knowledge genes are analyzed, and a method for
identifying such inheritance and variation is designed. [Result/Conclusion] The
identification of knowledge genes in scientific literature can effectively reveal
knowledge inheritance and iteration between different documents, promote the
development and improvement of the knowledge gene theoretical system, and
provide intellectual support for knowledge innovation.

Keywords: meme; knowledge gene; knowledge gene inheritance; knowledge
gene variation; text content analysis

1. Definition of Knowledge Genes

1.1 Knowledge Gene Concepts Dawkins first established a connection be-
tween genes and knowledge, arguing that there exists a “gene” independent of
chemical substances, whose “soup”is human culture, whose transmission vehicle
is language, and whose spawning ground is the brain. He gave it a new name:
“meme.” Memes originate in the brain and establish beachheads on information
carriers such as paper, film, and silicon chips. Simple ideas like colors and num-
bers are analogous to single nucleotides and insufficient to constitute memes.
Memes should be complex units like genes, possessing certain durability. Af-
ter Dawkins proposed the meme concept, it received widespread attention and
research both domestically and internationally.

In foreign research, early geneticists used genetic inheritance and variation to
conclude that class stratification was detrimental to social equity, causing most
sociologists to resist genetic theory. Subsequently, memes were applied to cul-
tural studies. S.K. Sen proposed the concept of information genes based on cul-
tural genes, suggesting that information gradually stabilizes and grows through
information gene inheritance and trial-and-error testing. S. Blackmore defined
knowledge genes in The Meme Machine as replicators with high-fidelity copy-
ing, high reproductive capacity, and strong vitality. R. Aunger analyzed memes
from a linguistic perspective in The Electric Meme, arguing that buzzwords are
also memes and emphasizing the explanatory role of memes in popular culture.
In these studies, scholars failed to delineate research boundaries, lacked strict
definitions, and had difficulty mathematizing their research, making cultural
genes too abstract, intangible, and unmeasurable—capable only of serving ex-
planatory functions in cultural evolution theory and mental evolution theory,
but unable to support practical applications.

Domestically, Li Bowen considered knowledge genes to be scientific concepts.
Liu Zhihui argued this definition was too broad and redefined knowledge genes
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as the smallest functional units of knowledge evolution, possessing stability,
heritability and variability, governability, and directionality, with the goal of
understanding knowledge evolution patterns. Liu Zhihui elaborated in detail
on the definition, characteristics, classification, scientific laws, applications, and
genetic and variation movements of knowledge genes. Sun Xiaoling defined fre-
quently occurring words or phrases in literature as important knowledge genes
and calculated knowledge gene strength by combining word frequency with prop-
agation degree in citation networks. Liu Zeyuan viewed knowledge genes as
self-organizing knowledge systems in specific domains, capable of demonstrating
knowledge generation, evolution and recombination, emergence, fault and trans-
formation, dissemination and application. He Jinsheng et al. studied the role
and feedback mechanisms of knowledge genes in enterprise innovation processes.
Gu Xinjian et al. used the SAO triple method to extract knowledge genes from
patent citation networks and establish knowledge evolution trajectories. Ding
Kun et al. used knowledge gene discovery algorithms to identify key knowledge
genes in knowledge evolution and conflict. Tan Zongying et al. constructed a
research model for topic evolution based on knowledge gene dissociation and
recombination to understand disciplinary development patterns and research
topic layouts.

The above review reveals that knowledge genes are the basic units of knowl-
edge evolution trajectories. Knowledge genes can be used to discover and mine
implicit, unknown, and potentially valuable knowledge, providing intellectual
support for knowledge innovation. However, conceptual descriptions of knowl-
edge genes remain vague, using only explanatory language to describe what the
knowledge gene theory and identification algorithms can accomplish, without
explaining what knowledge genes are or why they can complete these tasks. Al-
though articles are labeled with “knowledge genes,” they still use subject terms
and keywords to represent knowledge genes in practical applications.

The authors argue that scientific literature knowledge genes are one type of
meme meaning expression, representing an organic combination of knowledge
objects that characterize literature value in scientific text content—the most
basic, active, and widely influential knowledge content in scientific innovation.
Knowledge genes consist of original literature abstracts and citation content
from citing literature. Since citing literature does not necessarily reference the
most prominent innovation points of original literature, the organic combination
and recombination of both can yield the knowledge genes of scientific literature.

The knowledge gene generation process for scientific literature should include
the following steps: first, extract category labels from the original literature
abstract and citation content; second, identify the citation position, citation
sentiment, citation function, and citation nature; finally, calculate inheritance
and variation results based on these annotations [Figure 1: see original paper].

Based on this knowledge gene generation process, comprehensive citation cat-
egory annotation results, inheritance and variation judgments, and temporal
factors are used to complete the extraction of knowledge gene expression for
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individual scientific literature, as shown in [Figure 2: see original paper]. The
horizontal axis represents specific knowledge gene category labels, the vertical
axis represents general knowledge gene category labels, yellow indicates original
literature, red indicates variation relationships between citing literature cita-
tion content and original literature, and blue indicates inheritance relationships.
Numbers within the yellow, red, or blue blocks represent publication years of
scientific literature.

2. Knowledge Genes and Knowledge Elements

Wu Jun noted in Insights that great inventions are always based on previous
work, completing the process from “N” to “N+1.” Given the rapid development
of modern technology, achieving the entire process from 0 to N has become in-
creasingly impossible. The current scientific development model involves taking
a step further on existing foundations—standing on the shoulders of giants (N)
to produce new technologies or tools (1), achieving qualitative leaps and driv-
ing scientific development through incremental progress. Similarly, humans do
not verify all previous hypotheses and experiments one by one when acquiring
knowledge, but instead directly accept some knowledge as theorems, enabling
rapid advancement to the frontiers of current technology to focus on generating
new knowledge.

In scientific literature, N can be understood as the references of an original
paper, while 1 can be understood as the abstract of the original paper. When a
paper is cited by subsequent literature, the original paper becomes “N.” Scientific
literature continuously evolves and develops in the process from “N” to “N-+1,”
so the knowledge genes of a single paper should consist of the original literature’
s abstract and its citing literature’ s citation content.

Knowledge elements typically refer to concrete terms extracted from scientific
literature content using information extraction, topic modeling, and other tech-
nologies. These terms may be subject terms or triples. Many scholars in knowl-
edge element research focus on expanding attribute and relationship descriptions
of subject terms, such as using literature sources, versions, comments, access
records, and other information to represent knowledge elements, primarily for
knowledge representation, control, and processing, but ultimately remaining
fragmented knowledge.

When representing knowledge, knowledge genes use both general knowledge
gene type labels and specific knowledge gene type labels to prevent getting lost
in the sea of knowledge due to fragmentation. Specific knowledge gene type
labels vary according to different knowledge domains, making them relatively
flexible and unrestricted. In addition to describing original literature knowledge
genes, both types of labels also describe citing literature citation content. Due
to the computable characteristics of citation content, we can determine whether
knowledge undergoes inheritance or variation in its development from original
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to citing literature. Therefore, while representing original literature knowledge,
knowledge genes introduce citing literature content and relationships, using two
label types to represent content and inheritance or variation to represent re-
lationships. As citing literature continues to emerge, the content of original
literature knowledge genes becomes increasingly rich.

3. Composition of Knowledge Genes

The human body has 23 pairs of chromosomes in somatic cells, but only one
pair—the 23rd—determines sex. When researchers focus on gender and related
information, they concentrate on sex chromosomes. Similarly, in the knowledge
domain, a single literature involves multiple knowledge points, such as reviews
of various problem-solving methods or implementation tools, but the literature’
s outstanding contribution lies in methodological innovation built upon previous
research. To accurately describe a single literature’ s outstanding contribution,
the value of knowledge genes should be determined by the “1” in the knowledge
output “N+1.”

Based on the common phenomenon that researchers cannot quickly locate
needed knowledge, combined with the gene and “N+1” principle, the authors
argue that knowledge genes, based on the innovation point “1” in the “N+1”
principle, represent an organic combination of valuable knowledge units in orig-
inal papers that characterize original viewpoints, methods, data, conclusions,
etc. Knowledge is fluid, and knowledge genes should consist of the author’ s
subjective and static value expression of literature innovation at publication
time and the objective and dynamic value in citing literature. Static expression
is reflected in the literature’ s abstract, which is fixed at publication time;
dynamic objective description is reflected in subsequent citing literature’ s
citation content, objectively describing the value in the citing author’ s research
field.

3.1 Static Expression of Knowledge Genes When a paper is published,
the value of scientific literature has been recognized by the author, editors, and
peer reviewers, constituting its static description. In the abstract, the author
provides a refined expression of the literature’s subjective value without commen-
tary or supplementary explanation, maximizing the brief, concise, and coherent
statement of important information from the single paper and concentrating the
essence of the original text. The abstract reflects the value representation of a
single paper from the author’ s perspective. Through fine-grained, structured,
and semantic expression of the abstract, knowledge and its interrelationships
can be accurately described. Therefore, static expression of knowledge genes
should be extracted from literature abstracts.

3.2 Dynamic Expression of Knowledge Genes Citing literature authors
elevate the objective value of cited literature through citation. As subsequent
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researchers cite and evaluate the literature, it constitutes the literature’ s sub-
sequent dynamic value. Researchers’ research directions and perspectives on
articles determine the literature’ s contribution to citing authors, forming the
literature’ s subsequent objective description.

Citation content represents citing literature’ s objective judgment of cited lit-
erature’ s knowledge innovation points based on current development status,
reflecting the incremental nature of scientific knowledge. Compared with cited
literature abstracts and full texts, citation content can provide more objective
and rich semantic information while representing the main contributions of cited
literature to subsequent research, expressing citing authors’ recognition of orig-
inal literature value. Therefore, as traces of scientific communication and ex-
change, citation content should be used for dynamic expression of knowledge
genes.

The functional performance of static abstracts and dynamic citation content is
shown in .

4. Categories of Knowledge Genes

Connections between knowledge form a complex knowledge network. Locating
a knowledge point in this network requires both horizontal and vertical coordi-
nates. This paper proposes using general knowledge genes as the vertical coor-
dinate and specific knowledge genes as the horizontal coordinate for knowledge
gene visualization.

General knowledge genes are universal knowledge gene objects across research
fields, such as research methods, purposes, theories, tools, and data. Specific
knowledge genes are domain-specific knowledge gene objects that vary by field.
Therefore, designing specific knowledge gene objects requires professional ex-
pertise, selecting research objects based on domain characteristics, or designing
research objects according to the domain knowledge base after understanding
the research field. Thesauri and ontologies, as common understandings of do-
main knowledge, formally describe domain entity concepts, relationships, char-
acteristics, and laws, and have been widely applied in earth science, energy and
transportation, geology, meteorology, and biomedicine, providing references for
specific knowledge gene object design.

Using Alzheimer’ s disease research as an example, specific knowledge gene
objects include disease symptoms, detection methods, treatment options, etc.

4.1 General Knowledge Gene Categories Researchers including M.J.
Moravcsik, M. Garzone, 1. Spiegel-Rosing, C. Oppenheim et al., R. Radoulou,
Lu Wei, and Qin Chunxiu have studied general annotation objects for scientific
text content, as shown in . These annotation objects can characterize general
knowledge genes in scientific literature.
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These general annotation frameworks, in practical application, require overly
high discrimination ability from annotators if the distinctions are too detailed,
but lose the significance of fine-grained knowledge organization if too general.
Therefore, combining previous research, the authors merged annotation objects
with low discrimination and selected the following as general knowledge gene
expression objects: concept (including explanation, definition, connotation, prin-
ciple, theory), problem, data, material, equipment, tool, method (including
scheme, steps), algorithm (including equations, formulas), model (including sys-
tems), application, and result.

4.2 Specific Knowledge Gene Categories Different research fields have
different domain-specific knowledge genes. In the medical field, each disease
has its causal relationships. When pathological changes occur in cells, tissues,
and organs, or when biochemical reactions malfunction, these manifest as pa-
tient symptoms and abnormal physical examination results. Therefore, internal
abnormalities can explain clinically observed phenomena, and external manifes-
tations can serve as clues to seek pathogenic causes during disease diagnosis.

The causal relationship of Alzheimer’ s disease remains a mystery. The com-
bination of clinical manifestations and pathological changes forms the basis
for pathophysiology to explore causes and effects. Based on basic knowledge
classification introductions of Alzheimer’ s disease from medlineplus.gov and
nia.nih.gov, combined with electronic medical record object research, the au-
thors designed specific research objects for the Alzheimer’ s disease research
field. These objects can serve as type expressions for domain-specific knowledge
genes, as shown in .

5. Inheritance and Variation of Knowledge Genes

J. Monod believed that, like organisms, knowledge maintains its structure and re-
produces through fusion, recombination, and separation. The “transmissibility”
or “infectivity” of knowledge promotes dissemination through interaction. Elim-
ination also plays an important role in evolution, accelerating social progress
through elimination mechanisms.

Knowledge gene inheritance manifests as intergenerational knowledge inheri-
tance, forming fixed values under inertial effects and maintaining the stability
of human knowledge. Rapidly and dynamically developing society impacts the
solidification of knowledge gene inheritance. Knowledge adapts to new environ-
ments through continuous variation—that is, knowledge innovation. Knowledge
innovation causes original knowledge to no longer evolve along its original path
but instead produces knowledge gene variation. The inheritance and variation of
knowledge genes are most evident in interdisciplinary fields, where adjacent dis-
ciplines cross-penetrate, mutually absorb, and organically fuse theories. Various
knowledge forms collide, producing inheritance and variation that generate new
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momentum for academic research and nurturing major scientific achievements.

5.1 Analysis of Factors Influencing Knowledge Gene Inheritance and
Variation Genes undergo inheritance or variation through natural selection,
while knowledge genes are the result of artificial selection during their inheri-
tance or variation. Genes inherit or vary from parents through offspring charac-
teristics and traits, while knowledge genes demonstrate inheritance or variation
of original literature through citation content. This artificial selection in scien-
tific literature manifests as basic citation properties: citation position, citation
sentiment, citation function, and citation nature.

Researchers interpret original literature based on their knowledge background,
research direction, citation motivation, citation purpose, and citation sentiment.
Just as “there are a thousand Hamlets in a thousand readers’ eyes,” researchers’
subjective factors such as research themes and emotions toward cited literature
make the value of literature in subsequent citing literature non-equivalent. In
citation content analysis, multiple factors must be considered: whether the au-
thor’ s attitude toward cited literature is positive, neutral, or negative; whether
the citation position indicates citation importance; whether the citation refer-
ences concepts or practical applications. These influencing factors vary in each
literature and should be incorporated into the scope of investigation for citation
content analysis modeling and calculation.

The main factors include citation position judgment, citation sentiment calcu-
lation, citation function, citation nature, and citation category. These content
analyses provide the basis for knowledge gene inheritance and variation discrimi-
nation. The analysis of influencing factors of citation content on inheritance and
variation is shown in , and relationships between different influencing factors are
shown in [Figure 4: see original paper].

Specific analysis of different influencing factors:

(1) Citation Position Factor. H. Voos believed that combining citation
position and citation function could calculate the actual value of citations. S.
Teufel empirically found that 62.7% of references made no substantial contribu-
tion to the original text, with only 18.9% providing value output for terminology
definitions or tool usage. B.A. Lipeetz empirically studied the contribution of
citation positions, arguing that citations related to background introduction
have smaller scientific contributions, while citations in literature reviews that
identify existing problems have greater contributions and certain citation sig-
nificance. G. Herlach merged introduction and literature review sections and
merged methodology and results discussion sections, finding through analysis
that methodology and results discussion sections contribute more to citing liter-
ature. X. Zhu used supervised machine learning methods with automatic feature
selection to build an academic impact prediction model, where position features
played an important role in experiments.

Based on the above research, the authors believe that citations in article in-
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troduction sections have smaller scientific contributions to cited literature and
require reduced variation calculation weight and increased inheritance calcula-
tion weight in knowledge gene inheritance and variation calculations. Citations
in methodology sections require reduced inheritance calculation weight and in-
creased variation calculation weight.

(2) Citation Intensity Factor. M.J. Moravesik empirically studied redun-
dant citations, arguing that consecutive citations are mostly references to clas-
sic theories and methods belonging to redundant citations. After analyzing
575 references from 30 papers, he found one-third were redundant citations.
Chang Simin identified consecutive citations as patchwork redundant citations,
pointing out they provide no ## for subsequent narratives. M.H. MacRoberts
divided citations into influential and non-influential citations, with results show-
ing fewer influential citations.

This paper argues that word citations and consecutive citations with continuity
greater than 3 should have reduced weight in inheritance and variation calcula-
tions.

(3) Citation Sentiment Factor. D.E. Chubin divided citations into positive
and negative citations through manual reading, with results showing 95% were
positive citations. M.J. Moravcsik divided citations into positive, neutral, and
negative citations through question-based manual #E, with results showing
84% were positive citations. Subsequently, Moravcesik limited selection to posi-
tive and negative citations, with positive citations reaching 92%. Domestically,
Liu Shengbo divided citation content into positive, neutral, and negative, con-
ducting empirical research on BMC Bioinformatics journal, with results showing
62.88% were neutral citations and 3.53% were negative citations. These studies
show that foreign authors consistently judge most citations as positive, while
domestic authors have higher standards for positive citation judgment, catego-
rizing most as neutral. Both domestic and foreign authors agree on the small
number of negative citations. Although negatively cited literature is referenced,
its main ideas are not inherited and contradict the original literature’ s intended
meaning.

This paper argues that positive citation types should increase inheritance calcu-
lation weight, neutral citations should reduce weight in inheritance and variation
calculations, and negative citations should increase variation calculation weight.

(4) Citation Function Factor. S.U. Hassan divided citation functions into
four types based on preliminary reading and syntactic structure features: re-
lated research, comparative research, existing research, and extended research,
summarizing cue words for each type and using regular expressions to classify
citations for national and institutional evaluation.

This paper argues that related research and existing research citation functions
should be used to design inheritance calculation weight, while extended research
and comparative research should be used to design variation calculation weight.
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5.2 Identification and Calculation of Knowledge Gene Inheritance and
Variation in Scientific Literature Based on the previously analyzed knowl-
edge gene types and factors affecting inheritance and variation, this paper de-
signs a calculation implementation method for knowledge gene inheritance and
variation, as shown in [Figure 5: see original paper].

After completing the calculation steps in [Figure 5: see original paper]|, com-
prehensive inheritance and variation judgments are made based on calculation
results. If citation categories are consistent, it is judged as knowledge gene
inheritance; if inconsistent, category correlation analysis is conducted. If corre-
lation is weak, it is judged as knowledge gene variation; if correlation is strong,
those below the weight threshold are judged as variation and those above as
inheritance. Weight and threshold settings are determined based on literature
characteristics in the scientific field.

6. Narrow and Broad Knowledge Genes

(1) Narrow Knowledge Genes The authors define knowledge genes based
on single literature as narrow knowledge genes, refining and organizing litera-
ture value at the micro level through fine-grained structured knowledge gene
extraction to improve literature knowledge discovery efficiency. Additionally,
scientific literature knowledge genes can be used for single literature knowledge
evaluation, with subsequent citing literature’ s inheritance or variation repre-
senting the paper’ s content output capability.

(2) Broad Knowledge Genes The above knowledge gene definition and
application are based on single scientific literature, representing a narrow def-
inition. Scientific literature carriers facilitate knowledge gene quantification.
When inheritance and variation calculations are performed on large amounts of
scientific text, the development and change trajectories of a discipline field be-
come clearer, giving rise to broad knowledge genes that can describe macro-level
knowledge evolution trajectories.

Broad knowledge genes can control the direction of knowledge development,
representing the common knowledge gene embodiment of literature in a disci-
pline’ s research direction, as Foucault stated: “An invisible hand controls the
knowledge system through cognitive patterns.” Some literature shares similar
knowledge genes at the macro level and connects tightly through knowledge
gene nodes, forming its research community.
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