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Abstract: The European Fragile X Network met in Wroclaw, Poland, November 2021, and agreed to
work towards the eradication of the word “retardation” in regard to the naming of the fragile X gene
(FRAXA) and protein (FMRP). There are further genes which have “retardation” or abbreviations for
“retardation” in their names or full designations, including FMR1, FMR2, FXR1, FXR2, NUFIP1, AFF1,
CYFIP1, etc. “Retardation” was commonly used as a term in years past, but now any reference, even
in an abbreviation, is offensive. This article discusses the stigmatisation associated with “retardation”,
which leads to discrimination; the inaccuracy of using “retardation” in these designations; and the
breadth of fragile X syndrome being beyond that of neurodiversity. A more inclusive terminology
is called for, one which ceases to use any reference to “retardation”. Precedents for offensive gene
names being altered is set out. The proposal is to approach the HGNC (HUGO [Human Genome
Organisation] Gene Nomenclature Committee) for new terminology to be enacted. Ideas from other
researchers in the field are welcomed.
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1. Setting Out the Issue
The moment of diagnosis has come. The patient waits to hear their fate. Generally, the
least of a patient’s concern is the exact medical terminology used to define a condition’s
characteristics. Of far more significance will be the prognosis and treatment options. Yet,
the name attached to a condition and indeed whether it is given a name at all can carry
huge significance. The person will inevitably inform their friends, employers and family of
the condition with the medical name. It will become a staple of their internet search history.
The terminology used can convey negative (or positive) connotations. It may provide
a person with reassurance that they can now put a label onto the array of symptoms
they have identified and indicate fellowship with others with the same condition or gene.
However, the label may also carry connotations which are inaccurate or convey negative
stereotypes. It is this latter issue with which we are primarily concerned. There is historical
precedence for changing the name of genes which have been named inaccurately, due to
the first associations or functions discovered for that gene. Examples will be given later in
this article.
The European Fragile X Network, which consists of seventeen different national fragile
X associations, met in Wroclaw, Poland, November 2021, and agreed to work towards
the eradication of the word “retardation” in regard to the naming of the fragile X gene
and protein.
The full registered name of the fragile X gene is FRAXA (Fragile X Site, Folic Acid
Type, Rare, Fra(X) (Q27.3) A (Macroorchidism, Mental Retardation)) [1,2], though it is more
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commonly referred to as FMR1. The protein which codes for this gene is called FMRP
(fragile X mental retardation protein) [3].
A complete list of terms using “retardation” or abbreviations for “retardation” in their
names or full designations are:

•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•
•

FRAXA
FMRP
FMR1 (FMRP translational regulator 1) [4,5]
FMR2 (familial mental retardation protein 2) [6]
FMR1-AS1 (FMR1 antisense RNA 1) [7]
FMR1NB (FMR1 neighbor) [8]
FXR1 (FMR1 autosomal homolog 1) [9]
FXR2 (FMR1 autosomal homolog 2) [10]
NUFIP1 (nuclear FMR1 interacting protein 1) [11]
NUFIP2 (nuclear FMR1 interacting protein 2) [12]
AFF1 (AF4/FMR2 family member 1) [13]
AFF2 (AF4/FMR2 family member 2) [14]
AFF3 (AF4/FMR2 family member 3) [15]
AFF4 (AF4/FMR2 family member 4) [16]
CYFIP1 (cytoplasmic FMR1 interacting protein 1) [17]
CYFIP2 (cytoplasmic FMR1 interacting protein 2) [18]
FMR1-IT1 (FMR1 intronic transcript 1) [19]

“Retardation” was commonly used as a term in years past throughout the scientific
and clinical literature by convention, and perhaps without careful consideration of the term.
Now, however, any reference, even in an abbreviation, is offensive.
There are three dangers that can arise with this labelling.
i. Stigmatisation
The use of the word “retardation” is highly stigmatic. Indeed, even back in 2007 in
a survey by the British Broadcasting Corporation (BBC) of what were the worst words
to describe those with disabilities, “retard” was the top one [20]. A study of American
doctors found that “the majority of parents indicated that they would be upset if a physician
used the term mental retardation. Some professionals reported being criticized for using
the term” [21]. An international campaign has been operating for many years now to
stop the use of the words “retard” and “retarded” [22], a campaign supported by the
Special Olympics. The issue has been addressed in the media: in 2011 and 2013, articles
in the Washington Post [23] and New York Times [24] discouraged the use of the term.
Indeed, in the United States, “Rosa’s Law” means that as a matter of federal law “mental
retardation” should be referred to as “intellectual disability” for all legal purposes [25]. In
2013, The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5)
changed the terminology “mental retardation” to “intellectual disability” [26]. The updated
International Classification of Diseases (ICD-11) was adopted in 2019 and implemented on
1 January 2022 [27]. Unfortunately, “retardation” is still extensively used in the gene and
protein nomenclature connected to fragile X [28,29].
Doctors explaining fragile X syndrome (FXS) and fragile X premutation associated
conditions (FXPAC) [30] to patients will be referencing terms which contain the word,
retardation, that in any other context would be found to express contempt and provoke
outrage. Children being told of their condition by doctors will find it carries a word they
will only have heard in the context of bullying in the playground. This is not just an
English-language problem: for example, in German, the word “retardiert” translates to
“zurückgeblieben”, which is again very offensive and, also, simply wrong.
Fragile X is not alone in this respect—other examples can be found of conditions or
genes with the word retardation in them, such as hyperphosphatasia with mental retardation syndrome (HPMRS) [31], and Claes-Jensen-type syndromic mental retardation [32].
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Further, Link and Phelan added the concept of discrimination to stigma. They stated
stigma is present “when elements of labelling, stereotyping, separation, status loss, and
discrimination co-occur in a power situation” [33] (p. 367). In regard to fragile X, it is frankly
astonishing that such offensive and stigmatising terminology is still thought appropriate
and used without apology or explanation. Of course, it is fair to note that there is much
more to challenging stigma than “changing words” [34]. The notion that the alteration of a
label will remove prejudice against people with a particular condition is clearly fanciful
and undermines the severity of the issues raised. Nevertheless, it is clear that certain forms
of terminology will inflame disadvantage and draw on negative connotations, as we have
seen recently with racially offensive epithets. New names can shine a light on a positive
aspect of a condition or educate. An example might be the widespread acceptance of the
autism spectrum which informs that autism appears in different forms and should not be
understood as a static entity of characteristics.
ii. Misleading: Inaccurate
FRAXA itself is a perfectly healthy gene to have, and FMRP is a necessary protein. It
is only the gene’s alteration (with extended repeats leading to either too much mRNA or
the protein not being produced) that results in FXPAC and FXS. It is simply inaccurate to
define the gene in terms of two things (macroorchidism and retardation) which happen
when it goes wrong. FMRP is an important protein which is present in everyone. It seems
particularly significant in the operation of the brain, testes and ovaries. While the full
understanding of the protein is still being developed, it is already known to assist the brain
in making connections between cells through synapses, where communication between
cells take place. In particular, FMRP helps regulate synaptic plasticity [35]. However, this
protein is defined in terms of how it operates in rare cases, when there are high numbers of
repeats. This is similar to describing the brain as the dementia organ [36].
iii. Misleading: Over-Focused
Referring to fragile X syndrome as “retardation” is not only offensive but is also
profoundly misleading. First, while many of those with FXS will have learning difficulties, sometimes severe, plenty of children, particularly girls with FXS, will not have that
symptom. Physical manifestations in those with FXS may include hypotonia, mitral valve
prolapse, seizures, gastro reflux, hernias, urinary reflux, constipation, etc. [37]. There are
behavioural issues such as ADHD, and psychological difficulties such as anxiety [38]. Fragile X syndrome is far more complex than intellectual disability. “Retardation” is narrow,
focusing on a single dimension that affects some people with FXS and ignores their many
other characteristics, including both difficulties and strengths.
Other features of FXS include short attention span, distractibility, impulsiveness,
restlessness, over activity, sensory, emotional and communication difficulties. FXS often
includes features such as excellent long-term memory, good imitation skills, likeable personalities, being sensitive to others and having a strong sense of humour [38]. There are a
range of physical characteristics, including a long narrow face and prominent jaw bones
and ears [39]. Many of those with FXS show features of the autism spectrum [40]. By
describing FXS in terms of a learning disability, the condition is misleadingly reduced to a
single characteristic.
After thirty years of research, FXS is now understood in far more detail, and its
effect on the body is known to be broader than that of intellectual disability. By using
“retardation”, the emphasis is on the learning disability aspect of fragile X, rather than
seeing FXS as a chromosomal condition which has a range of effects across girls/women
and boys/men.
2. Towards a More Inclusive Terminology
We have established there are problems with current nomenclature. Retardation is
now seen as an offensive word and has been removed from the Center for Disease Control
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descriptions of any disease, condition or syndrome relating to intellectual disability [41].
Intellectual disability or learning disability is preferred nowadays, with perhaps neurodiversity being a better umbrella term. Continuing to use the word “retardation” in the
naming of this gene and protein is derogatory, stigmatising, and morally wrong. It is not
an inclusive term. It limits the understanding of FXS to intellectual disability when the
way this gene plays out in individuals can vary widely. In addition, those with fragile X
premutation associated conditions, which are caused by the premutation of this FRAXA
gene, have reported that they feel offended by the link to “retardation” being part of the
gene’s name as these conditions have no link to intellectual disability.
It should be noted that current guidelines on the naming of genes say that “nomenclature should not be offensive or pejorative” [42]. The European Fragile X Network
organisations therefore propose that FRAXA, and associated terms, should be renamed.
Any reference to retardation should be removed. Additionally, macroorchidism should
undoubtedly be removed from the current FRAXA definition as it does not apply to females
with FXS. We suggest that:

•
•
•
•

FRAXA is modified to Fragile X Site, Folic Acid Type, Rare, Fra(X) (Q27.3) A
FMRP becomes FXP (fragile X protein)
FMR1 becomes FX1 or FXTR1 (fragile X translational regulator 1)
FMR2 becomes FP2 (familial protein 2)

Many of the fragile X terms listed at the start of this article have had “retardation”
removed from their full definition, with only FMR1 or FMR2 included in the official
definitions. However, in line with changing FMR1 and FMR2 to more inclusive terminology,
the updated versions of FMR1 and FMR2 should be used in other gene definitions.
3. How Do We Make This Happen?
It is proposed that the authors and Fragile X International [43], with the support of
the scientific and research community, will approach the HGNC (HUGO [Human Genome
Organisation] Gene Nomenclature Committee), requesting a change of all of the terms
related to fragile X which include the word “retardation” or references to terms which
include “MR” (mental retardation). There is a process in place and precedent for these
changes being made. If anyone would like to add their name to this application for name
change, or support our efforts with advice and ideas, please let us know.
A very good example of a change which has already happened is with NUFIP1P1
(NUFIP1 pseudogene 1) [44], which was previously defined as “nuclear fragile X mental
retardation protein interacting protein 1 pseudogene”, but all references to retardation have
been removed.
Another example of a gene name which has been altered is Pettigrew syndrome
(PGS). This was previously Pettigrew X-linked mental retardation syndrome, but is now
referred to as PGS, or more fully as X-linked Dandy-Walker malformation with intellectual
disability, basal ganglia disease and seizures (XDIBS) [45], with the gene referenced as
AP1S2 [46]. Further, the “Mental retardation, X-linked 72” gene (Waisman syndrome [47],
which has been described also as basal ganglion disorder with mental retardation), is
now termed RAB39B [48]. There is a group of genes with a protein product previously
labelled as “mental retardation X-linked” (MRXS1; MRX76; MRX54; MRX43; MRX36;
MRX29; MRX32; MRX33; MRX38; MRX87) now placed under the ARX (aristaless-related
homeobox) term [49]. Moreover, there is the non-offensive HDAC4, updated from the previously known brachydactyly mental retardation syndrome [50]. The gene for SutherlandHaan X-linked mental retardation syndrome, today commonly referred to as SutherlandHaan syndrome, is now PQBP1 [51]. It is yet another of the X-linked mental retardation
(XLMR) syndromes, all of which should have their terminology updated if that has not yet
been done.
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4. Conclusions
If a parent were to tell their non-medically qualified friend that their child has “fragile
X mental retardation protein” deficiencies, a message is being sent in the words used.
Preconceptions are being formed without that child being accepted for who they are by the
friend, and without the friend having an unbiased acceptance of the condition fragile X
syndrome as it affects that child. The stigma and discrimination begin at birth. Without
the attachment of the term “retardation”, FXS and FXPAC can be seen as chromosomal
conditions in and of themselves, affecting different people in different ways, and indeed
the same person across their lifespan in different ways.
Why should we limit those with FXS and FXPAC? We have scientific studies and
much anecdotal evidence from families that acceptance and enablement do far more good
than imposing pre-conceived limitations and a top-down treatment approach to “fixing” a
problem. Inclusion and coming alongside are far more helpful. Changing this terminology
will make the world of difference to how those with FXS and FXPAC are viewed, treated,
and accepted in wider society.
Author Contributions: K.J. and J.H. created the original draft; J.R., K.J. and J.H. were involved in
further writing, review and editing; K.J. prepared the article for publication. All authors have read
and agreed to the published version of the manuscript.
Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.
Acknowledgments: The authors are grateful to Gaia Scerif, University of Oxford, for her support and
comments on the final draft before submission. Many thanks to the organisations of the European
Fragile X Network for the discussion which led to this article.
Conflicts of Interest: The authors declare no monetary conflict of interest. However, all of the authors
are affiliated with charities that support those with FXS and FXPAC.

References
1.
2.
3.

4.
5.
6.
7.
8.
9.
10.
11.
12.

FRAXA Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:3945 (accessed on 18 March 2022).
NCBI: MedGen Definition of FRAXA. Available online: https://www.ncbi.nlm.nih.gov/gene/108684022 (accessed on
16 March 2022).
Verkerk, A.J.; Pieretti, M.; Sutcliffe, J.S.; Fu, Y.H.; Kuhl, D.P.; Pizzuti, A.; Reiner, O.; Richards, S.; Victoria, M.F.; Zhang, F.P.
Identification of a gene (FMR-1) containing a CGG repeat coincident with a breakpoint cluster region exhibiting length variation
in fragile X syndrome. Cell 1991, 65, 905–914. [CrossRef]
FMR1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:3775 (accessed on 18 March 2022).
Ashley, C.T.J.; Wilkinson, K.; Reines, D.; Warren, S. FMR1 protein: Conserved RNP family domains and selective RNA binding.
Science 1993, 262, 563–566. [CrossRef] [PubMed]
Hillman, M.; Gecz, J. Fragile XE-associated familial mental retardation protein 2 (FMR2) acts as a potent transcription activator. J.
Hum. Genet. 2001, 46, 251–259. [CrossRef] [PubMed]
FMR1-AS1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available
online: https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:39081 (accessed on 18 March 2022).
FMR1NB Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:26372 (accessed on 18 March 2022).
FXR1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:4023 (accessed on 18 March 2022).
FXR2 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:4024 (accessed on 18 March 2022).
NUFIP1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:8057 (accessed on 18 March 2022).
NUFIP2 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:17634 (accessed on 18 March 2022).

Cells 2022, 11, 1044

13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.
25.
26.
27.
28.
29.

30.
31.
32.
33.
34.
35.
36.

37.
38.
39.
40.

41.
42.
43.

6 of 7

AFF1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:7135 (accessed on 18 March 2022).
AFF2 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:3776 (accessed on 18 March 2022).
AFF3 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:6473 (accessed on 18 March 2022).
AFF4 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:17869 (accessed on 18 March 2022).
CYFIP1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:13759 (accessed on 18 March 2022).
CYFIP2 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:13760 (accessed on 18 March 2022).
FMR1-IT1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available
online: https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:41333 (accessed on 18 March 2022).
BBC Website. Available online: https://web.archive.org/web/20070320214418/http://www.bbc.co.uk/ouch/yourspace/
worstwords/ (accessed on 24 February 2022).
Nash, C.; Hawkins, A.; Kawchuk, J.; Shea, S.E. What’s in a name? Attitudes surrounding the use of the term ’mental retardation’.
Paediatr. Child Health 2012, 17, 71–74. [CrossRef] [PubMed]
Spread the Word. Available online: https://www.spreadtheword.global/about (accessed on 24 February 2022).
Washington Post. Available online: https://www.washingtonpost.com/lifestyle/kidspost/why-you-shouldnt-use-the-r-word/
2011/06/06/AGISc3nH_story.html (accessed on 24 February 2022).
The New York Times. Available online: https://www.nytimes.com/2013/03/03/opinion/sunday/a-word-gone-wrong.html
(accessed on 24 February 2022).
Public Law 111–256, U.S. Congress, Enacted. 5 October 2010. Available online: https://www.congress.gov/111/plaws/publ256
/PLAW-111publ256.pdf (accessed on 24 February 2022).
Regier, D.A.; Kuhl, E.A.; Kupfer, D.J. The DSM-5: Classification and criteria changes. World Psychiatry 2013, 12, 92–98. [CrossRef]
[PubMed]
World Health Organization. Available online: https://www.who.int/standards/classifications/classification-of-diseases (accessed on 25 February 2022).
Greenblatt, E.J.; Spradling, A.C. Fragile X mental retardation 1 gene enhances the translation of large autism-related proteins.
Science 2018, 361, 709–712. [CrossRef] [PubMed]
Li, M.; Zhao, H.; Ananiev, G.E.; Musser, M.T.; Ness, K.H.; Maglaque, D.L.; Saha, K.; Bhattacharyya, A.; Zhao, X. Establishment of
Reporter Lines for Detecting Fragile X Mental Retardation (FMR1) Gene Reactivation in Human Neural Cells. Stem Cells 2017, 35,
158–169. [CrossRef] [PubMed]
Johnson, K.; Herring, J.; Richstein, J. Fragile X Premutation Associated Conditions (FXPAC). Front. Pediatrics 2020, 8, 266.
[CrossRef] [PubMed]
NCBI: MedGen Definition of Hyperphosphatasia with Mental Retardation Syndrome. Available online: https://www.ncbi.nlm.
nih.gov/medgen/481783 (accessed on 24 February 2022).
NCBI: MedGen Definition of Claes-Jensen Type Syndromic Mental Retardation. Available online: https://www.ncbi.nlm.nih.
gov/gtr/conditions/C1845243/ (accessed on 24 February 2022).
Link, B.G.; Phelan, J.C. Conceptualizing Stigma. Annu. Rev. Sociol. 2001, 27, 363–385. [CrossRef]
Corrigan, P.W. Erasing Stigma Is Much More Than Changing Words. Psychiatr. Serv. 2014, 65, 1263–1264. [CrossRef] [PubMed]
MedlinePlus. FMR1 Gene. Available online: https://medlineplus.gov/genetics/gene/fmr1/ (accessed on 24 February 2022).
Interestingly, the Gene Responsible for Duchenne Muscular Dystrophy (DMD) Is One that Everyone Has and Should Perhaps Be
Renamed More Generically. For Information on This Gene: Medline Plus. DMD Gene. Available online: https://medlineplus.
gov/genetics/gene/dmd/ (accessed on 18 March 2022).
URMC. Fragile X. Available online: https://www.urmc.rochester.edu/childrens-hospital/developmental-disabilities/
conditions/fragile-x.aspx (accessed on 20 February 2022).
Braden, M.L. Fragile: Handle with Care; Revised Edition; Spectra Publishing Co., Inc.: Silverthorne, CO, USA, 2000.
Hagerman, R.J.; Hagerman, P. (Eds.) Fragile X Syndrome: Diagnosis, Treatment, and Research, 3rd ed.; Johns Hopkins University
Press: Baltimore, MD, USA, 2002.
Kaufmann, W.E.; Kidd, S.A.; Andrews, H.F.; Budimirovic, D.B.; Esler, A.; Haas-Givler, B.; Stackhouse, T.; Riley, C.; Peacock, G.;
Sherman, S.L.; et al. Autism Spectrum Disorder in Fragile X Syndrome: Cooccurring Conditions and Current Treatment. Pediatrics
2017, 139, S194–S206. [CrossRef] [PubMed]
Herring, J. Personal communication, 2 August 2021. Email from the Centers for Disease Control and Prevention (U.S.).
NCBI: Guidelines for Human Gene Nomenclature. Available online: https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7494048/
(accessed on 26 February 2022).
Fragile X International. Available online: www.fraxi.org (accessed on 20 February 2022).

Cells 2022, 11, 1044

44.
45.
46.
47.

48.
49.
50.
51.

7 of 7

NUFIP1P1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available
online: https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:8058 (accessed on 18 March 2022).
Orphanet: X-Linked Intellectual Disability-Dandy-Walker Malformation-Basal Ganglia Disease-Seizures Syndrome. Available
online: https://www.orpha.net/consor/cgi-bin/OC_Exp.php?lng=en&Expert=1568 (accessed on 20 February 2022).
AP1S2 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:560 (accessed on 20 February 2022).
OMIN: Waisman Syndrome. Available online: https://www.omim.org/entry/311510#:~{}:text=Waisman%20syndrome%20is%
20an%20X-linked%20neurologic%20disorder%20characterized,disease%20%28summary%20by%20Wilson%20et%20al.%2C%
202014%20%29 (accessed on 25 February 2022).
RAB39B Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:16499 (accessed on 20 February 2022).
ARX Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:18060 (accessed on 20 February 2022).
HDAC4 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:14063 (accessed on 20 February 2022).
PQBP1 Gene Symbol Report, HUGO Gene Nomenclature Committee at the European Bioinformatics Institute. Available online:
https://www.genenames.org/data/gene-symbol-report/#!/hgnc_id/HGNC:9330 (accessed on 20 February 2022).

