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Analysis of the role of TBR1 variants Glu223GIn and
HiIs681GIn In the development of ADHD

Josel Bryant and Elaine Vanterpool, PhD

Oakwood University

Department of Biological Sciences
Huntsville AL, 35896

ABSTRACT RESUL TS DISCUSSION AND

Attention-deficit/ hyperactivity disorder (ADHD) is a mental health condition characterized by constant C O N C L | ' S I O N
instances of inattention and/or hyperactivity that interfere with an individual’s performance and

development. ADHD symptoms can manifest as early as the age of 3 and can continue into adulthood. : — — : :
The purpose of this study is to contribute to research concerning ADHD and the genetic variants PolyPhen-2 report for Q16650 2230 PolyPhen-2 report for Q16650 HES1Q T-box brain transcription factor 1 encodes transcription factors involved in

Query

associated with the disease. The public archive, Simple ClinVar, detected the genes associated with i hce postion A%y Ay s the regulation of numerous developmental processes. At the transcriptional

Q1665! 223 E Q Canonical; RecName: Full=T-box brain protein 1; Short=T-brain-1; Short=TBR-1; AltName: Full=TES-56; Length: 682 681 H Q Canonical; RecName: Full=T-box brain protein 1; Short=T-brain-1; Short=TBR-1; AltName: Full=TES-56; Length: 682

ADHD, including TBR1. TBR1 was revealed to be associated with 25 potentially pathogenic e level, TBR1 regulates the expression of several genes mutated in intellectual

[+] Prediction/Confidence PolyPhen-2 v2.2.3r406 [+ Prediction/Confidence PolyPhen-2 v2.2.3r406

mutations. Significantly, of the 25 missense mutations detected, 8 possessed the phenotype for Autism | disability (ID) and autism spectrum disorders (ASD). Therefore, when

This mutation is predicted tobe ' PROBABLY DAMAGING  with a score of 0.997 (sensitivity: 0.41; specificity: 0.98) This mutation is predicted tobe POSSIBLY DAMAGING  with a score of 0.932 (sensitivity: 0.80; specificity: 0.94)

5 and autistic behavior, while 7 possessed the phenotype for neurodevelopmental disorder. With the D ™ analyzing the origins of neurodevelopmental disorders, it is essential to
addition of prediction tools such as PolyPhen-2 and SIFT, designated mutations were analyzed to examine mutations in TBR1.

determine their pathogenicity and role in affecting protein function. SWISS-MODEL, a protein Occasionally, symptoms of ADHD are mistaken for emotional or

structure homology-modeling server, assembled information about the protein structure. The T-Box o . : : : :
Predictions Predictions disciplinary problems or missed entirely in adolescents who mainly have

Brain Transcription Factor, a gene primarily expressed in the brain, is a member of the T-box family | o | i £ inattention. leading to a delav in di i« It has b
With Common features including DNA-binding and transcriptional regulatory aCtiVity’ a rOIe in Segé:ﬁjgz:::g;gg:znze:zz iozz Qé:tz:::: ed to with a score of ©.00. ubs i Eaiozegzeﬁgz iSl ::z:t;loﬁ? 3;; predicted to AFFECT PROTEIN FUNCTION with a score of ©.82. Symp OmS O Ina en |On, ea Ing 0 a e ay In IagnOSIS- aS een

- - - WARNING!! This substitution may have been predicted to affect function just because N uenceslr'epr*ese?:n:d_at this position:2 . . . I I I I
development, and conserved expression patterns. Missense mutations from E2230Q and H681Q were ¢ sequences used vere 1ot diverse snough. There 1s LOI CONFIDENCE 4n this predicion. “the sequences used were not diverce enough.  There is Lo CONFIDENCE in this pred determined that the number of adults possessing ADHD has been increasing

se
the sequences used were not diverse enough. is LOW CONFIDENCE in this prediction.

observed and interpreted. Mutation E223Q was predicted to be probably damaging with a score of over the past 20 years. This can have detrimental effects on academic,
0.997 and to affect protein function with a score of 0.00. In contrast, the mutation H681Q was found to personal, and career performance.

be possibly damaging with a score of 0.932, and affected protein function with a score of 0.02. By studying genes such as TBR1 and determining the correlation between
Establishing a connection between TBR1 and ADHD is a critical step in lessening the cases of delayed mutations in this gene and ADHD, geneticists will be able to create

diagnosis due to information gaps. Figures 1 and 2. PolyPhen-2 and SIFT Figure 3 and 4. PolyPhen-2 and SIFT predictions connections that may lead to earlier and more frequent diagnoses of the
predictions for the pathogenic missense for the uncertain/conflicting disorder. o o
mutation at position 223 (Glu to GIn) missense mutation at position 681 (His to GIn) Additionally, the study of TBR1 can offer insight into the biological

Substi
Me

I N T R O D U CT I O N mechanisms underlying conditions such as ADHD and the treatment needed
to combat them. Selecting the appropriate treatment and dosage takes time,

leading to delays in finding a suitable solution and, in some cases,

termination of treatment. By making a connection between the mutation

present and the effect that it will have on the individual the process can be
expedited resulting in more patients receiving the treatment they require.

Attention deficit hyperactivity disorder, a neurodevelopmental disorder that presents with
Inattention, hyperactivity, and impulsivity, is classified into three subtypes: predominantly
Inattentive, predominantly hyperactive-impulsive, and combined. While the causes of ADHD are
diverse they include aberrant neural development, affecting neurogenesis, synaptogenesis,
myelination, and neuronal and glial proliferation and migration.

As a condition that affects brain function, it is coherent that the disorder has some association with
TBR1, a neuron-specific transcription factor involved in brain development. TBR1 is commonly

associated with a neurodevelopmental disorder (NDD) combining features of autism spectrum | { — ~ A B _ R E F E R E N ( : E S
disorder (ASD), intellectual disability (ID), and speech delay. hemiif . el Figure 5. SWISS-Model. 3D
R : e B | : B structure homOIOgy_mOde of the *CAUSES Study, Nambot, S., Faivre, L., Mirzaa, G., Thevenon, J., Bruel, A.-L., Mosca-Boidron, A.-L.,
' 4 \ protein taken from five Varying Masurel-Paulet, A., Goldenberg, A., Le Meur, N., Charollais, A., Mignot, C., Petit, F.,, Rossi, M., Metreau, J.,
Layet, V., Amram, D., Boute-Béngjean, O., Bhoj, E., ... Thauvin-Robinet, C. (2020). De novo TBR1 variants

ang les. cause a neurocognitive phenotype with 1D and autistic traits: Report of 25 new individuals and review of the
literature. European Journal of Human Genetics, 28(6), 770—782. https://doi.org/10.1038/s41431-020-0571-6

«Co, M., Barnard, R. A., Jahncke, J. N., Grindstaff, S., Fedorov, L. M., Adey, A. C., Wright, K. M., & O’Roak,
B. J. (2022). Shared and distinct functional effects of patient-specific tbrl mutations on cortical development.
Journal of Neuroscience, 42(37), 7166—7181. https://doi.org/10.1523/INEUROSCI.0409-22.2022

Neyns *TBR1 T-box brain transcription factor 1 [Homo sapiens (Human)]—Gene—NCBI. (n.d.).
Behavioral Moderate gihlearodevelopmeraiere global ~ Autistic  Inborn genetic Intellectual Moderate global Autism 5 History of ‘ httpS . //WWW. n Cbi . nl m . ni h . gOV/gen ello 716

abnormality developmental disorder developmental behavior diseases disability developmental neurodevelopmenta
delay|Aplasia/ delay delay disorder

Hypopiasia *Nufez-Jaramillo, L., Herrera-Solis, A., & Herrera-Morales, W. V. (2021). Adhd: Reviewing the causes and

of the corpus

. evaluating solutions. Journal of Personalized Medicine, 11(3), 166. https://doi.org/10.3390/jpm11030166

The central purpose of this study is to analyze abnormalities that occur during neurogenesis that ~Sollis, E., Den Hoed, J., Quevedo, M., Estruch, S. B., Vino, A., Dekkers, D. H. W., Demmers, J. A. A., Poot,

| ith ADHD. TBR1 i | ] tant lat les in d lopi brai R., Deriziotis, P., & Fisher, S. E. (2023). Characterization of the TBR1 interactome: Variants associated with
correlate wit - e>_<preSS|on P aysf Important regulatory roles in deveioping many orain neurodevelopmental disorders disrupt novel protein interactions. Human Molecular Genetics, 32(9), 1497
structures such as the embryonic amygdala, hippocampus, olfactory bulb, and the deep cerebellar 1510. https://doi.org/10.1093/hmg/ddac311

nuclel. Thus, evaluating the association between ADHD and TBR1 will have significant results. T-box, brain, 1 [Homo sapiens]
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The methods utilized in this study include Simple ClinVar, PolyPhen-2, SIFT, and SWISS e rpr———rr W) B pr—— ThIS research was Supported by the Oakwood University
Modeling Blology Department

« Simple ClinVar was used to determine the genes affiliated with ADHD. Filtering the search to Name Accession Description Interval  E-value

: : . : : . : [+] T-box_TBR1 cd20204 DNA-binding domain of T-box brain protein 1 and related T-box proteins: TBR1 (also known as .. 203-393 2 61e-147 Special thanks to Elaine Vanterpool, PhD. | would also like
MISSENSE mUtatlonS that had pathogenlc, ||k6|y pathogenlc, uncertam/confllctlng, and Ilkely [+] T-box_assoc pfam16176 T-box transcription factor-associated; This domain lies downstream of the T-box in many ... 418-680 2.81e-81 p p ’

benign clinical significance allowed further exploration of the mutations in the selected gene, to acknowledge HBCU UP TIP for supporting this project.
TBR1, that contribute to ADHD.

PolyPhen-2 and SIFT were used to analyze the pathogenicity of the TBR1 mutations E223Q p Domain 1: DNA-binding domain of T-box brain protein 1 and related T-box proteins
and H681Q and their effect on protein function. TBR1 (also known as T-brain-1 or TES-56) Is a neuron-specific transcription factor of the T-box family and involved in forebrain

development. It has been recognized as a high-confidence risk gene for autism spectrum disorders (ASD); it regulates the expression of ASD-

Swiss Modeling was used to V|su_aI|ze th-e structure/ho-m_ology of the proteins T_BRl codes for. related genes that are critical for cortical development.
The datasets provided by the National Library of Medicine were used to establish the location Domain 2: T-box transcription factor-associated la HUDSONALPHA

of gene expression, and the conserved domains, and obtain the protein FASTA used In This domain lies downstream of the T-box in many eukaryotic T-box proteins. The exact function is not known.

PolyPhen-2 and SIFT to specify the TBR1 gene being studied. ( : D E
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