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An Introduction to the Reference Module in Life Sciences 

The Reference Module in Life Sciences covers all aspects of this exciting and interdisciplinary area of study. 
This comprehensive online resource is the definitive tool for those entering, researching or teaching any of 
the many disciplines encompassed in the field of life sciences. In addition to a regular supply of new 
articles, all articles are regularly reviewed for currency to ensure they are fully up-to-date. Articles deemed 
current according to this review receive a “timestamp” that appears on the article on ScienceDirect 
indicating the date of the last currency review. Articles deemed out-of-date are updated with the very 
latest developments in the field, either by the original author(s) or by an expert in the field under the 
editorial direction of the Editor in Chief and Subject Editors. In this way, the Reference Module provides 
the assurance of up-to-date content that has been vetted by a highly qualified editorial board and date-
stamped to mark the date of the last review or update. 

The central organizing structure for the Reference Module is a subject hierarchy on ScienceDirect that 
provides context for each article and a navigational tool for users to explore the subject area. The subject 
hierarchy is determined by the expert editorial board and technically checked by the publisher. 

Articles are written by individuals and/or groups of experts in the field under the guidance of Subject 
Editors who are guided by the Editor in Chief. The articles are written at a level that allows undergraduate 
students to understand the material, while providing active researchers, whether in academia or 
corporations, with an authoritative and up-to-date source of foundational reference material for all aspects 
of the field and its neighboring disciplines. 

The Reference Module in Life Sciences is comprised of approximately 2500 articles at launch and 
Elsevier anticipates including new and updated articles on a regular basis. 

Animal Physiology and Biology 

Animal Physiology and Biology (also often referred to as Zoology) is a wide-ranging area of the life 
sciences that refers to the structure and function of animals and the ways in which they interact with their 
environment. In its broadest sense, it includes the scientific disciplines of embryology, cell biology, 
developmental biology, endocrinology, immunology, biophysics, ecology, genetics, evolutionary biology 
and a host of connected disciplines, as they relate to animals. The Reference Module in Life Sciences covers 
many of these components (and their parallels in plants and microbes) in major sections such as Ecology 
and Evolution, Cell Biology and Genetics, Molecular Biology, Biophysics and Comparative Immunology, 
and I refer interested readers to these sections, as appropriate. In this Animal Physiology and Biology 
section, we mainly focus on the behavior and welfare of animals and their physiological and sensory 
responses to their environment. 

Many of these areas have a long and sometimes checkered history, and a number of our articles provide 
fascinating insights into these temporal developments and provide biographies of the key players that have 
helped to drive them, such as W.D. Hamilton, Konrad Lorenz and Niko Tinbergen in the field of animal 
behavior. A number of articles also provide context to key laboratory and field model organisms that have 
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been pivotal in the development of these disciplines, including rhesus macaques, Norway rats, octopus, 
threespine stickleback, cockroaches, honeybees, and Tribolium beetles. 

Several areas of animal biology have emerged only recently, often building on rapid developments in 
molecular biology and the “omics revolution,” such as the epigenetics of animal health and 
sociogenomics, both of which are covered in this section of the reference module. Other recent 
developments we include have been stimulated by massive increases in computing power and related 
technologies, such as agent-based modeling, sequence analysis and transition models, remote sensing, the 
study of robot behavior, and biomimetics. 

An important area that is covered in some depth in this module is the sensory biology of animals from the 
molecular level, the neurological sensing, physiological responses and ultimately to changes in animal 
behavior. Sensory systems covered include vision, olfaction, gustation and the perception of vibration, 
chemicals, temperature, magnetism, electrical stimuli, and even the perception of time itself. These and 
related physiological systems, such as reproduction, orientation, neurophysiology, genetics, pathology and 
behavior are particularly well covered in arthropods, especially insects, and in fish, although all major 
taxonomic groups are covered in this section of the reference module. 

Finally, whilst the focus of this section is on the fundamental science underpinning animal physiology and 
biology, a number of applied elements of this discipline are also covered here, including the control of 
insect pests and vectors of disease, and the welfare of animals in the laboratory, on the farm or in zoos or 
homes. 

Bioinformatics 

In 1991, Nobel laureate, Walter Gilbert said “The new paradigm, now emerging, is that all the ‘genes’ 
will be known (in the sense of being resident in databases available electronically), and that the starting 
point of a biological investigation will be theoretical. An individual scientist will begin with a theoretical 
conjecture, only then turning to experiment to follow or test that hypothesis.”1 In a nutshell, Gilbert is 
referring to the use of bioinformatics in all biological research endeavors [1] 

Bioinformatics, also known as computational biology, enables the scientific understanding of living 
systems through computation. It links molecular descriptors of organisms to biological processes, 
facilitating data mining and knowledge discovery. Emerging from an essential enabling technology in the 
Life Sciences, bioinformatics is now a fundamental research discipline. 

Bioinformatics is a key platform technology, underpinning biotechnology and genome research. The 
integration of computational approaches with experimental life science and biomedical research generates 
theoretical analysis-based hypotheses, which will then steer experimental design. 

Some of the current challenges addressed by bioinformatics are: 

• Novel approaches to solving biological problems presented by genomics and proteomics.
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• Unraveling the genetic and environmental basis of health and disease.

• Developing software to facilitate bioinformatics analyses.

• Standardization of functional descriptors for different data types.

• Improving knowledge management systems for intuitive use by life and biomedical scientists.

Building on the applications of informatics (computer science) to biology, bioinformatics has established 
linkages with mathematics and statistics; physics and chemistry; medicine and pharmacology. 
Bioinformatics research thus entails inputs from diverse disciplines. 

The ultimate goal of bioinformatics is to provide a complete representation of living cells and organisms 
and understand the principles of how they function, so that, in the words of Nobel laureate Sydney 
Brenner, “computational biology becomes biological computation.” 

Biophysics 

Biophysics, the discipline at the intersection of biology and physics, is entering an era of rapid 
developments. This comes as several growing trends in biological researches converge. The first is that 
biological researches have been moving beyond phenomenological observations and into the underlying 
physical reasons. The second is that the researches are becoming less qualitative and descriptive and more 
quantitative and predictive. Lastly, not only the direct participants of a particular biological process but 
also the cellular contexts, including “bystander” macromolecules in the subcellular localization and entire 
signaling networks, are becoming the targets of research. 

Tools and concepts from physics were instrumental in propelling the early development of biophysics2. 
The resulting fruits include the molecular structures of the many thousands of proteins and their 
complexes and the basic understanding of electron transfer, enzyme catalysis, protein folding, and a host 
of other fundamental biochemical processes. 

The complexities of biological systems and processes present ever more opportunities for biophysicists to 
push the frontiers of research. Currently, exciting discoveries are being made about subcellular structures 
and dynamics by super-resolution imaging and about the physical basis of how protein liquid-liquid phase 
separation regulates cellular functions. 

With the accumulation of knowledge in the past decades, it will be possible to build structural and 
physical models of cells and predict the fates of cellular processes with higher and higher accuracy. 

Biotechnology 

Biotechnology is broadly defined as the use of living systems, organisms, or biologically derived materials 
to develop or make products. It is fundamentally, applied biology and increasingly, the interface between 
biology and engineering. While the word biotechnology is credited to Károly Ereky, who coined the term 
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in 1919 in a book entitled Biotechnologie der Fleisch-, Fett- und Milcherzeugung im landwirtschaftlichen 
Grossbetriebe (Biotechnology of Meat, Fat and Milk Production in an Agricultural Large-Scale Farm)[3] 
applications of living systems to derive products predate this definition by millennia. The earliest 
applications of living organisms to create novel products are in the area of food fermentation. Beer 
making in China is believed to have occurred at B7000 BCE, followed by yogurt and cheese at B6000 
BCE and the use of yeast to make leavened bread in Egypt at B4000 BCE. However, what we will come 
to know as agricultural biotechnology can be traced to the domestication of food animals and cultivation 
of plants at c. 9000 and 8000 BCE, respectively. Even the areas of medical biotechnology and industrial 
biotechnology are far older than commonly realized; in China, moldy soybean curds were used as an 
antibiotic in B500 BCE and chrysanthemums were used as an insecticide in BCE 100. 

Today, biotechnology pervades all aspects of our daily life; it affects the foods we eat, the safety of the 
water we drink, the clothes we wear and how we wash them, the medications we take, and the gasoline we 
put into our cars. The section on biotechnology in the Reference Module provides a comprehensive 
overview of the what, why, and how of biotechnology and bioprocessing. Initial sections focus on the 
wide range of biological systems that are used to carry out biological transformations including enzymes, 
bacteria, yeast and other fungi, mammalian and insect cells, plants and plant cell cultures, and transgenic 
animals. The next section focuses on the applications or end products of these biological transformations. 
These products include: industrial products (sometimes referred to as white biotechnology), including 
bulk and specialty chemicals, biofuels and biopolymers; medicinal products (sometimes called red 
biotechnology), including small biomolecules (eg, antibiotics), therapeutic proteins, vaccines, and cell-
based products; and finally, food and agricultural-based products (sometimes described as green 
biotechnology). The final section discusses the bioprocesses, the engineering systems that permit the 
biological systems to transform their substrates into the desired bioproducts. In this section, a variety of 
reactors are discussed, including enzyme reactors and microbial and mammalian cell bioreactors. 
Separations processes, which are critical for obtaining the desired product purities are covered next, 
followed by process engineering and control, which are essential for obtaining the desired products at 
adequate concentrations in a cost effective manner. Next, the biological tools for performing the 
manipulations of the cells such as vector design, metabolic engineering, synthetic and systems biology are 
reviewed. The final sections discuss the analytical tools used to verify that the correct DNA sequences 
have been inserted into the cells, that the cells are behaving as expected, and that the correct products, 
with appropriate biological activity, have been produced. 

Cell Biology and Genetics 

Cell biology is a branch of biology focused on the study of cell structure and function, on how cells form 
and divide, and how they differentiate and specialize. Cell biology defines both the general properties, 
common to most cell types, and also dissects the unique features of specialized cells, which allow them to 
perform different functions. 

This section of the Reference Module in Life Sciences includes a variety of articles that span from the 
molecular components of the cells to the most specialized functions. We treat carbohydrates, proteins 
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lipids and nucleic acids and the molecular aspects underlying their role in both cell structure and 
functions. 

We focus on the organizational aspects of cell biology: the presence of a nucleus is the key feature defining 
our distinction between the prokaryotic and eukaryotic life domains. Eukaryotic cells are organized as 
small factories with each compartment devoted to specific functions. Compartmentalization is often 
achieved through the use of membranes, which provide physical boundaries that allow the formation of 
peculiar microenvironments and regulate the access of specific biomolecules. Compartments can be 
organelles or also focal regions characterized by different molecular or physical features. The constant 
technological advancement in imaging has allowed researchers to explore deeply further and further into 
the incredible intracellular complexity, zooming in into the micrometer scale. This coupled to our 
increased ability to study cells through interdisciplinary methods allows the continuous discovery of new 
structures and functions. As an example, among many others, we cite the emerging field of exosomes and 
macrovesicles [4, 5] or the lysosome, the “suicide bag” discovered by the Nobel Laureate Christian De 
Duve, which recently emerged as a central regulator of cell metabolism and whose dysfunction has been 
found to underlie various diseases [6].

Cell biology has a multitude of subfields, which will be covered across this Reference Module. Cell 
signaling and communication are the processes used by cells to trigger both extracellular and intracellular 
signals to molecular effectors and communicate with the surrounding environment. Cell metabolism 
refers to a series of biochemical processes whereby cells use energy to sustain themselves: the study of these 
mechanisms has broad implications ranging from biotechnological applications to cancer. Cell adhesion, 
motility and migration are crucial aspects of both proper embryonic development and diseases. 

Key topics will be the mechanisms underlying cell growth and proliferation, the precisely regulated 
mechanisms of cell cycle and cell division and the mechanisms governing cell fate, which determine 
whether a cell undergoes differentiation, quiescence, senescence or death. We will show how these 
mechanisms can be dysfunctional and underlie disease development but also serve as therapeutic targets 
[7,8]. 

We will focus on the biology of stem cells, cells that are able to self-renew indefinitely and give rise to the 
majority of cells of the organism, as well as on the biology of differentiated cells, specialized to carry out 
all the different labors within the organism. 

We will also treat different pathological aspects of cell biology and how, for example, infectious agents 
hijack intracellular components to propagate and drive their own life cycle. 

We will discuss some technological aspects of cell biology, focusing on microscopy and spectroscopy-
based imaging techniques, cytometry and cell sorting methods, methods to isolate and analyze specific 
cellular sub-structures, methods to culture cells and tissues and the possible translational application of 
such powerful approaches. 

Cell biology is a natural partner of many other intertwined disciplines with very blurred boundaries, such 
as developmental biology and molecular biology. Herein we treat cell biology together with genetics, the 
science of heredity. Although cell biology and genetics include prokaryotic and eukaryotic organisms, the 
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first are traditionally mainly treated by microbiologists whereas plant cells are purview of botanists, so here 
we mainly focus on the eukaryotic world, in particular on human cells, and limit the articles on other 
organisms to those that either are model organisms or are paradigmatic for various reasons. 

We will cover classical or transmission genetics, the first developed aspect of this discipline which started 
with the initial observations of Gregor Mendel, who first delineated the basic principles of heredity well 
before the discovery of DNA and genes. Within this module, molecular genetics will also be extensively 
treated ranging from description of the genetic code, the gene nomenclature rules, and the karyotype 
features, to the organization of the genome and the epigenome, the structure of chromosomes and the 
types of gene mutations or chromosome alterations, which underlie both Mendelian and complex 
diseases. We will treat how forward and reverse genetics screenings have helped geneticists to identify the 
function of genes and their role in determining susceptibility to diseases or inherited disorders and discuss 
the tremendous impact of the new powerful genome sequencing and editing technologies. We will treat 
also the basics of population genetics, a science in which genetic analyses are performed at the population 
levels to identify causes and mechanisms of variability among individuals, the evolutionary implications of 
which will be extensively treated in the “Evolution and Ecology” section. We will also dedicate a section 
on the many ethical issues arising in genetics, a delicate field in which the rapid progression of science 
urges the need for specific regulations. 

Finally, we envision the cell as a little universe in which a multitude of molecular processes occur, 
recapitulating most of the basic processes of life. The cell functions as an operation center, which 
integrates all the possible “omics” (genomics, epigenomics, transcriptomics, proteomics, metabolomics, 
glycomics, exposomics, etc.) to generate context-dependent responses that allow cells to adapt and relate 
to their surrounding milieu. Owing to the central role of the cell, the tremendous technological progress 
and the development in systems biology, we are now well positioned to study cell biology and genetics as 
a whole and translate the enormous potential of these findings to all the possible settings. 

Comparative Immunology 

Comparative immunology investigates the major differences of the immune system between different 
organisms, generally organisms that are not closely related, in order to gain an appreciation for the variety 
of immune mechanisms that exist and to draw conclusions on the evolution of immunity. In general, 
comparative immunologists study non-model organisms (ie, not humans or mice, which are the main 
models for human immunology), sometimes for commercial purposes, such as sheep or cattle for 
agriculture, or fish for aquaculture and sometimes because the organism has an interesting immunological 
feature or place in the evolutionary tree. The Comparative immunology section of the Reference Module in 
Life Sciences will highlight the various types of immune systems present in nature and will discuss how 
they fit into the evolutionary path of life. It will define and describe the different components of 
immunity and highlight both the common evolutionary features and oddities of immune response in 
specific groups of organisms. 
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Developmental Biology 

Developmental Biology is a broad topic with universal appeal after all, each of us, and all of our fellow 
creatures, are here as the result of the conversion of a single cell into a complete organism. How can 
something as simple as a zygote become something as intricate as a fully functional plant or animal? To 
understand all of the requisite steps involved, developmental biologists must integrate knowledge from a 
number of disciplines, taking into account the biochemical, cellular, molecular, and genetic mechanisms 
that create differentiated and orderly structures from a uniform origin. In this reference module, we aspire 
to compile state-of-the-art resources that effectively summarize our current understanding of how 
embryos form. 

Developmental biologists are fascinated by wide-ranging questions that apply across species, and they seek 
paradigms that can explain long-standing mysteries regarding the regulation of embryogenesis. How do 
undifferentiated, pluripotent cells become committed to a diverse array of lineages? How do communities 
of individual cells cooperate to create patterned tissues? How do discrete tissues interface with each other 
to form organs with defined morphologies? How does each organ system control its growth, homeostasis, 
or regeneration? Dynamic activity in the field of Developmental Biology has led to an unprecedented level 
of mechanistic understanding of developmental processes, including resolution of the gene regulatory 
networks that drive patterning, the epigenetic mechanisms that control developmental potential, the 
intercellular interactions that underlie morphogenesis, and the biomechanical influences that shape organ 
dimensions. Scholars in this field must stay abreast of these advances, while placing them in the larger 
context of the field’s foundation in classical embryology. 

To support scholars in the field of Developmental Biology, our reference module will aim to provide 
fundamental background material side-by-side with updates on the latest progress. While this module is 
still “under development,” so to speak, the basic plan for its organization is in place. First, a series of 
articles will articulate the paradigms that are currently associated with major developmental processes. 
These will include the principles responsible for pattern formation in the early embryo, as well as the 
molecular mechanisms known to refine developmental potential and thereby regulate cell fate assignment. 
Much of the current interest in these topics revolves around the degree to which cell fates can remain 
plastic and whether such plasticity can be manipulated for potential applications in regenerative medicine. 
Additional articles will delve into the cellular mechanisms that serve as the underpinnings of 
morphogenesis, including carefully controlled patterns of cell movement, establishment of polarity, and 
adjustment of intercellular connections. This is an especially active area of current investigation, as recent 
advances in imaging technology have amplified our awareness of how dynamically individual cells behave 
during development. 

Next, a collection of articles will examine our understanding of how specific parts of the embryo develop. 
These pieces will demonstrate how general principles in embryonic patterning and morphogenesis are 
applied to create particular developmental outcomes. Topics will include the processes that establish early 
forming structures, such as the germ layers and embryonic axes that are generated during gastrulation, as 
well as specific organs that are built during later stages. All organ systems will be covered, including 
ectodermal, endodermal, and mesodermal organs, as well as structures that are built from multiple germ 
layers, such as the limb and the face. Special attention will be given to the development of the germline, 
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given its unique attributes as the source of the next generation, and additional coverage will highlight the 
special roles of stem cells during both normal development and regenerative repair. Together, these 
resources will provide not only a comprehensive overview of the origins of each component of the embryo 
but also insight into how errors in development can lead to a variety of congenital diseases. 

A final set of articles will place Developmental Biology into a larger context, examining the evolution of 
developmental mechanisms as well as the evolutionary origins of structural novelty. In concert with this, 
several articles will highlight the distinct features and benefits associated with the variety of model 
organisms that are commonly employed in Developmental Biology research. Model organisms, ranging 
from plants to invertebrates to vertebrates, differ in their details but are unified by a number of 
overarching similarities in their development. These articles will provide a valuable counterpoint for 
another important group of articles will cover our current understanding of the precise mechanisms 
driving human embryogenesis. Ultimately, we hope that the availability of this entire module of resources 
will facilitate the ongoing efforts of developmental biologists to decipher fundamental mechanistic 
principles, to understand their relevance to the etiology of disease, and to apply these insights to novel 
applications in regenerative medicine. 

Ecology and Evolution 

Evolution and Ecology form a natural tandem. As posited by Darwin, performance of variants will often 
be contextual and that context is the ecological setting. Likewise, when studying ecological interactions, 
one should not expect entities to remain static over space or time. Species evolve, and so will their 
interactions with others. Thus, like so many questions in biology, the answers to evolutionary and 
ecological questions often begin with: “It depends… .” This module provides many of the concepts and 
details required to complete these “It depends” answers. 

In recent decades, evolutionary biology has witnessed a technological explosion in genome sequencing and 
molecular biology. These advances have allowed new approaches to fundamental evolutionary questions, 
many of which were developed by the founders of evolutionary theory and the modern synthesis. As 
examples, modern approaches have allowed us to critically assess concepts within Mendelian and non-
Mendelian genetics; articles on these topics highlight these reassessments. Researchers can now explore the 
genotype– phenotype relationship – and how it varies with the developmental and ecological context – in 
unprecedented detail. In addition, modern techniques provide new tools to help us more readily define 
that ever-elusive term “species.” 

Beyond new insight into classic questions, new genomic and molecular techniques have opened entirely 
new avenues of research by uncovering novel biological phenomena, with epigenetics and evolutionary 
developmental biology being just two examples of fields with remarkable recent advances. These exciting 
next directions are highlighted in many of the articles here, including population genomics, epigenetics 
and genome evolution, and the molecular evolution of sensory systems. 

Similarly, the past two decades has seen the birth of new fields in ecology, at least some of which arose 
from technological advances in computing techniques and imaging. For example, this module features 
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articles on sampling methodologies that employ computer-intensive computational methods for 
maximum likelihood estimates of diversity indices. Similarly, landscape ecology often relies on 
sophisticated tools such as geographic information system (GIS), satellite imagery as well as analytical and 
simulation models. A more recent development is that of macroecology, wherein species distributions and 
abundance are studied at large spatial scales. 

Ecology has moved a great distance from descriptive science to multidisciplinary approaches that elucidate 
the distribution and abundance of organisms. For example, population dynamics theory now incorporates 
flexible prey behavior to explain enigmatic numerical dynamics; several articles explain how the 
“landscape of fear” may be more prevalent and more impactful on numerical processes than anticipated. 

Although many of the above questions are answered through a basic research lens, we have also witnessed 
an explosion in application of evolutionary ecology to everyday problems. Perhaps the most obvious 
regards the risk to our biosphere from climate change. This most- pressing issue is dealt with in several 
articles, including those on phenological mismatches, extinction risk, and biofuels. Similarly, there are a 
number of articles that deal with conservation issues, either directly (eg, captive breeding and 
reintroductions) or indirectly (eg, effective population number). Notice, again, that most of these articles 
provide ecological and evolutionary context. Moreover, there are attempts to place ecological concepts 
into socioeconomic context; thus, one finds the concept of ecosystem services sprinkled through a number 
of biodiversity and conservation-based articles. Furthermore, several articles focus on the ecology and 
evolution of disease-causing organisms. It is only in the last half century that scientists have recognized 
that most of our disease problems are most readily dealt with from evolutionary (eg, resistance 
development and evolutionary medicine), ecological (eg, parasite–host dynamics) and sociological 
perspectives (eg, network models for disease spread). 

Finally, as noted at the outset, the relationship between organisms and their environment is dynamic, as 
focal organisms alter their habitats through their actions and respond accordingly. No greater ecosystem 
engineer exists on our plant than Homo sapiens; a number of articles study our impact and possible 
outcomes from human exploitation of the Earth’s resources. 

Microbiology 

The field of microbiology has never been as near to the fore of the general public’s consciousness as it has 
been in recent years. Some areas that have traditionally been the focus of particular attention are more 
relevant than ever. These relate to, for example, situations where microbes contribute to disease and food 
spoilage. In the former case, the availability of hourly updates relating to the recent major events such as 
the Ebola outbreak in Africa, the emergence of Zika virus in South America or the Shiga toxin producing 
Escherichia coli outbreak in Germany in 2011 have had a major impact. In other traditional areas of 
microbiology, such as the application of microbes for commercial use by the food, agriculture and pharma 
industries, the developments have had a predictably lower profile but are nonetheless important. What is 
entirely novel is the way in which advances in molecular biology, next generation sequencing and 
bioinformatics, in particular, have reinvigorated several microbiology-associated fields of research 
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(including those listed above) and lead to the emergence of several new areas of endeavor. 

This pattern is reflected in the hierarchical structure of the Microbiology Section of the Reference Module 
in Life Sciences. Subsections such  as  the  “History  of  Microbiology,” “ Applied  Microbiology,” “ 
Environmental  Microbiology,” “ Microbiology  and Disease,” “ Microbial Cell Structure,” “ Evolutionary 
Microbiology,” “ Prokaryote Taxonomy,” “ Microbial Metabolism,” “ Microbial Physiology,” “ Virology” 
and even “Microbial Genetics” would have been present even if this Reference Module had been prepared 
25 or even 50 years ago. Yet, each one of these has been revolutionized in the past decade alone by the 
deeper insights that genomics, metagenomics and metatranscriptomics have provided into individual 
microbes, microbial communities and their interaction with their surrounding environment and, thus, the 
inclusion of subsections focusing on “Microbial Genomics” and “Microbiome” would have seemed 
fanciful in the past. 

Molecular Biology 

Molecular biology is the field of life science that deals with the structure, properties, and functions of 
biomolecules, that is, the basic molecular components of single cells. In particular, molecular biology is 
the discipline describing and investigating the mechanisms whereby biomolecules, upon their assembly, 
contribute to the execution and/or regulation of biological processes essential for the homeostasis of cells, 
tissues/organs and living organisms, and crucial for their response to internal or external perturbations. 

Given the rapidly changing and continuously evolving nature of the molecular biology field, we can 
anticipate that the revolutionary impact of molecular biology in life science is only at the beginning and is 
far from being finished. 

When building the hierarchy structure of the section in Molecular Biology, we were confronted to three 
main difficulties:(1) the broad interdisciplinarity of the molecular biology field, whose precise limits with 
other life science disciplines are difficult to mark, (2) the high heterogeneity of cells and organisms, and 
(3) the elevated complexity of most molecular mechanisms encompassing regulatory feedback loops, 
intricate signaling pathways and high degrees of redundancies. To overcome these issues, we focused this 
module exclusively on the mechanistic aspect (ie, the molecular-related aspect) of cellular processes 
referring to specific chapters of other subsections of the Elsevier Reference Module in Life Sciences for 
having more insights on cell biology- and genetic-related aspects. In addition, to broadly cover most 
aspects of molecular biology, each chapter includes an extensive and updated bibliography as well as a 
“further reading” section with exhaustive reviews to drive the readers more in-depth into specific topics. 
Finally, as the field of molecular biology is continuously evolving, this module will be flexible being, on 
the one hand, focused on the most relevant topics in molecular biology and, on the other hand, routinely 
updated so to strengthen specific subsections or create new ones in the presence of relevant discoveries. 

The Molecular Biology section in Reference Module in Life Sciences is organized with the main purposes to 
give first the basic information on the chemical structures and assembly of the major molecular 
components, and then a comprehensive overview of the functions of these biomolecules in driving and 
regulating cellular processes, including the transmission of genetic information (eg, gene expression, DNA 
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replication, and cell division), the preservation of cell/organismal homeostasis (eg, gene expression, 
energetic metabolism, and regulated cell death), and the response to stress conditions of 
endogenous/exogenous origin (eg, DNA recombination and repair, metabolic stress, and genomic 
instability). Also, specific insights are given on the causes and consequences of the deregulation of these 
molecular processes with particular emphasis on cellular metabolism and cancer. 

Mycology 

Mycology is the discipline of biology that describes and studies a very vast group of organisms 
denominated fungi. This group contains around 90,000 species, and thousands are described every year, 
being estimated that there might be more than one million fungal species in the world, which makes the 
fungal kingdom one of the most important in the tree of life. Fungi are very variable, because they include 
both macroscopic (such as mushrooms, truffles and puffballs) and microscopic organisms. All of them 
share some common characteristics. They are non-motile heterotrophic eukaryotes that possess a cell wall 
around the cell, which differs from the cell wall of plants because it contains different components 
(mainly chitin). Most fungi can reproduce by both sexual and asexual reproduction. 

Although we are not aware of it, fungi have a great impact in our daily habits, and our society and way of 
living would be very different in the absence of these organisms. Fungi are widely found in the 
environment, and they have multiple beneficial effects and applications. But these organisms are also the 
cause of devastating plagues and diseases, so their control is mandatory in agriculture and biomedicine. 

The Reference Module in Life Sciences offers an exceptional opportunity to create a comprehensive and 
updated section that will cover the main areas for those readers interested on fungi. The Mycology section 
will contain articles on fungal pathogenesis, genetics, metabolism, biochemistry, environmental 
interactions and biotechnology written by highly recognized scientists and experts on these fields. We 
hope that this section will be of interest of both specialized and non-specialized readers who want to learn 
about the most interesting and important aspects of fungi. 

Plant Biology 

Plant Biology, as one of the subject areas of Elsevier’s Reference Module in Life Sciences, encompasses the 
extensive depth and breadth of the different subfields of biology that share a common focus on plants. At 
the highest level, Plant Biology can be divided into two major categories: first, Plant Biology that is basic 
foundational research, and second, applied plant sciences that builds on the discoveries of basic science 
and develops leading-edge technologies through innovation and translation into agriculture. Within the 
basic areas of Plant Biology, four major categories emerge as: (1) plant anatomy, (2) plant morphology 
and evolution, (3) plant physiology, and (4) plant molecular and cellular biology. Within the applied 
plant sciences, there are many more categories that have been grouped into major subfields, including 
vegetable, fruit and nut crops; floriculture; horticulture; postharvest physiology; agronomy and weed 
science; plant pathology and plant breeding; and genetic modification of crops, along with broader areas 
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of investigation, such as plants and the environment; tropical crops and ecosystems; forestry; sustainability 
and production systems; and conservation biology of crop plants. The Plant Biology section in the 
Reference Module offers an extensive knowledge resource for all areas of Plant Biology in a format that is 
committed to relevance, quality, and currency, that is to say that the articles represent leading-edge and 
up-to-date reviews of each area within the overall subject field of Plant Biology. 

It is not just a coincidence that the Genome Sequencing Era that ran into the 2000s, and was then 
replaced by the post-genomics era, was paralleled by a revolution and explosion of electronic 
communication in the digital age. Wikipedia appeared in 2001, Facebook in 2004, YouTube in 2005, 
Google in 2004, and Twitter in 2013. Personal Genome Projects proliferated from 2000-16 as well. Now 
we have entered the digital age with massive amounts of data and information to process, manage, 
organize and secure. The Reference Module in Life Sciences’ mission to organize and present scientific 
knowledge via the World Wide Web using internet search engines is a timely innovation in this new era 
of internet technology. 

Concluding Remarks 

The Reference Module in Life Sciences on ScienceDirect contains thousands of articles that fall within the 
major sections described above. It provides researchers, students and practitioners with access to 
thousands of cutting-edge articles in their area of expertise, up-to-date introductions to any areas they 
need to be brought up to speed on, and an accurate overview of the whole discipline. The Reference 
Module will also allow them to easily find authoritative and citable research on a specific subject, rather 
than having to wade through less reliable information available elsewhere on the internet. 
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