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An often-heard policy motto from the UK’s Blair Government was “Education, Education,
Education”. An appropriate exhortation for the biomedical sciences should be
“Standardization, Standardization, Standardization”. Inevitably the two go hand in hand, and
the current challenge we face is how to encourage researchers to comply with existing or
emerging standard terminologies and nomenclatures. This is both an educational and a
regulatory task, but one in which it is vital to succeed if we are to efficiently and accurately
share and use the huge volume of data now emerging in the biosciences.

We communicate effectively in medicine and biomedical research primarily through use of
specialized and defined standard terminology (Becker, 1959; Brown et al., 2007; Friedman,
1955; Jackson, 2001; Porter, 2006; Taylor, 2006). This terminology, while fluid over time to
accommodate new discoveries and technological innovations, remains the key to advances
in science. Within the field of dermatology, a committee has functioned for decades to
standardize nomenclature (Becker, 1959). Reviewers for the Journal of Investigative
Dermatology and other publications in the field need to insist on strict adherence to the most
current dermatological nomenclature in order to maintain the high esteem of members in the
field.

Similar efforts for standardization are currently underway with the pathology of the
laboratory mouse, now the pre-eminent model system for human disease (Rosenthal and
Brown, 2007). While more complicated than dermatology, because this approach covers all
organ systems and merges veterinary and human medical terminology, various panels have
been formed to address this issue. For cancer, the National Cancer Institute’s Mouse Models
for Human Cancer Consortium created panels of specialists to review mouse models for
human cancer by organ system to develop a consensus nomenclature (http://
emice.nci.nih.gov/emice) (Cardiff et al., 2000; Kogan et al., 2002; Nikitin et al., 2004;
Shappell et al., 2004). A more extensive website, the Mouse Tumor Biology Database
(MTB; http://tumor.informatics.jax.org) incorporates the mouse genetic literature with
images of all types of cancer arising either spontaneously in mice of inbred strains or as a
consequence of genetically engineering (Bult et al., 2006; Naf et al., 2002). For general
mouse pathology, an international consortium was formed to develop MPATH, an evolving
and expanding ontology of mouse pathology terms. This is linked to a large image database
(http://www.Pathbase.net). These on-line resources are supplemented by highly specialized
residential training courses and internship programs (Sundberg et al., 2007), but even with
these opportunities there still remains a significant gap between demand and availability of
appropriately trained pathologists (Schofield et al., 2009).

Recently the second CASIMIR (Coordination And Sustainability of International Mouse
Informatics Resources (http://www.casimir.org.uk) annual meeting, held at the Nobel
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Forum, Stockholm, Sweden, 2–3 December 2008, focused on the topic “One Medicine, One
Pathology”, with the goal of coordinating data collection, nomenclature, and comparative
pathology among various disciplines (Sundberg and Schofield, in press). These approaches
refine existing nomenclature systems developed over the previous two centuries with which
all medically trained scientists are familiar. We should all strive to utilize these online
resources to double check our interpretations as well as a way to provide standardization to
our publications. To that end databases are now available that provide a “virtual second
opinion” for mouse pathology nomenclature with links to photomicrographs (http://
research.jax.org/faculty/sundberg/index.html) (Sundberg et al., in press; Sundberg et al.,
2008).

A larger and far more serious nomenclature issue involves genetic terminology. This is an
area in which few of us were trained.

Rules for genetic nomenclature were devised in 1919 when the American Society of
Naturalists appointed a Committee on Genetic Form and Nomenclature with C.C. Little as
chairman (Little, 1921). As applied to the mouse, these were published in 1940 by Dunn,
Grueneberg, and Snell (Dunn et al., 1940) and subsequently the International Committee for
Standardized Genetic Nomenclature in Mice (Green et al., 1963) was formed in 1963 to
standardize inbred, congenic, and recombinant inbred strain nomenclature as well as mutant
locus/gene symbols.

New names for mutant mouse strains and stocks (and later for genes) were proposed to this
committee by investigators, and unique names and symbols were assigned to prevent
ambiguity. Unfortunately, journal editors have been slow to require authors to adhere to this
system, creating major problems. Today, with the advent of genetic engineering and large-
scale mutagenesis projects, multiple allelic mutations (both spontaneous or chemical/
radiation-induced “remutations”, and multiple constructs of targeted mutations involving the
same gene), often with very different phenotypes, are available. Strain and mutation
symbols, when used correctly, are critical parts of the materials and methods section of any
manuscript and help reviewers determine which allelic mutation is under investigation to
enable them to determine the validity of the work being reported.

Mouse (International Committee on Standardized Genetic Nomenclature for Mice: http://
www.informatics.jax.org/mgihome/nomen/strains.shtml), human (HUGO Gene
Nomenclature Committee: http://www.genenames.org/), and rat (Rat Gene Nomenclature
Committee: http://rgnc.gen.gu.se/RGNChem.html) nomenclature rules are available online.
For laboratory mice, inbred strain names are all in capital letters. After a forward slash (/)
following the strain name, and equally important, are the laboratory (investigator) and
institutional codes that designate substrains. For example, NOD/ShiLtSzJ designates a
subline of the Non-Obese Diabetic (NOD) strain originally inbred at Shionogi and
Company, Ltd., (Shi) in Japan, and later maintained by Dr. Edward Leiter (Lt) from whose
colony a subline was initiated by Dr. Leonard Shultz (Sz). The strain is maintained and
distributed by The Jackson Laboratory (J). Abbreviations for commonly used inbred strains
are also standardized. C57BL/6J is abbreviated B6, which is also used to refer to mixed or
unknown/unspecified C57BL/6 substains. B6ByJ refers to C57BL/6ByJ and B6EiJ to
C57BL/6JEi, which, like many other substrains carry unique mutations. By contrast, the
BALB/cJ inbred strain is abbreviated C and BALB/cByJ mice are CBy.

Mixed inbred or incipient congenic strains, in which a mutated gene is being transferred
from one strain background onto another strain, are designated with a semicolon between
the strain abbreviations, e.g. B6;129, followed by a hyphen and the mutant gene symbol.
This nomenclature, indicating a segregating background, is in sharp contrast to congenic
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strain names, in which the semicolon is replaced by a period to indicate the congenic
procedure has been completed (10 backcrosses, N10, onto the new strain; e.g., B6.129). Six
backcross generations (N6; incipient congenic) are commonly accepted by many journals to
be adequate, and many mouse distributors use congenic nomenclature at N5; however, speed
congenic technology has shown that this is not optimal (Markel et al., 1997).

Mouse gene symbols are printed in italics with the first letter capitalized and subsequent
letters in lower case. Symbols for dominant or semi-dominant spontaneous or chemical/
radiation-induced mutations of unidentified genes are written in the same manner as gene
symbols. Recessive allelic mutations are written all in lower case. Once the previously
unknown gene is identified, the allele (mutation) symbol is superscripted immediately, after
the gene symbol. For example, the mouse hairless and rhino Jackson mutations are written
Hrhr and Hrrh7J, respectively. To differentiate these from human genes, human gene symbols
are written entirely in capital letters; the human hairless gene symbol is HR. For both mouse
and human, gene and allele names (as opposed to symbols) are written entirely in lower case
unless they include a proper noun (e.g. Alstrom syndrome I). Whereas gene symbols are
italicized, symbols for their respective proteins are not. Both mouse and human protein
symbols are printed entirely in capital letters.

Specific nomenclature guidance for strains, genes, alleles/mutations, and chromosomal
aberrations can be found on the Mouse Genome Informatics website via links from the
Nomenclature Home Page (http://www.informatics.jax.org/mgihome/nomen/gene.shtml).
Strict adherence to these nomenclature standards will allow work to be fairly compared and,
more importantly, reviewed accurately.

The power of informatics to integrate and analyze phenotype and genotype data within and
across species is increasing all the time, although it is still outstripped by the volume of data
emerging, particularly from the analysis of mouse mutants. It is essential that the way in
which alleles are expressed and the disease descriptions captured are semantically
unambiguous and standardized to allow computational analysis. This is a serious barrier to
the analysis of large historical datasets where local nomenclature and data structure are
idiosyncratic, but it is becoming a rate-limiting step in the analysis of new data, particularly
those published only in the printed literature and not uploaded to databases, as failure to use
correct terminology results in ambiguity and inaccuracy which is very difficult to deal with,
for example using text mining tools. This results in the need for laborious and expensive
extraction of the data by professional curators.
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