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Abstract. Interstitial deletions of the short arm of chromosome 6 are even rarer than distal deletions of 6p24-pter,
with an incidence rate of 1:1,000,000 (according to MalaCards, https://www.malacards.org/). These deletions are
associated with developmental delays, autism spectrum disorders, congenital anomalies, and dysmorphic features.
The objective of our study was to identify chromosomal abnormalities in twins from a Yakut family exhibiting se-
vere psycho-speech developmental delays, intellectual disability combined with dysmorphisms, and congenital
anomalies. In this paper, two new cases involving monozygotic twins from a Yakut family, who underwent array
comparative genomic hybridization (aCGH), were reported. The diagnostic results revealed a rare interstitial dele-
tion in the region 6p22.3-p24.3, measuring 7.5 Mb, which was subsequently confirmed using a conventional cyto-
genetics (GTG-banding) method. According to the cytogenetic analysis, the karyotypes of the parents were normal,
indicating a de novo structural chromosomal rearrangement in the patients. Additionally, a comparative pheno-
typic analysis of these twins with each other and with other previously reported patients was performed; they were
found to have overlapping deletions in the 6p22-p24 region. Furthermore, a literature review and an analysis of
the gene content of the deleted region 6p22.3-p24.3 were conducted, and so was a discussion of the genotype-
phenotype correlation. The results of the phenotypic analysis revealed both common and distinct dysmorphogenic
features, including craniofacial dysmorphisms, deformities of the auricles, and abnormalities in the development
of the upper and lower limbs, which are often mentioned in the literature. However, the analyzed data, both from
the literature and our observations, showed that all patients lacked a common deleted region in the 6p22-p24
area, creating challenges in establishing an accurate diagnosis. The findings indicate the complexity of defining
the minimally overlapping region responsible for the observed phenotypic and behavioral traits and highlight the
importance of a systematic and multi-level approach to diagnosing severe psycho-speech developmental delays.
Key words: interstitial deletion 6p22.3-p24.3; intellectual disorders; psychomotor and speech delay; autism
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AHHOTauuA. VIHTepcTrumanbHble feneuun KoOpoTKOro nieya XpoMocoMbl 6 BCTPEYaKTCA elle pexke, YeM ANCTaNibHble
neneunmn 6p24-pter ¢ yactotor 1:1000000 (no gaHHbIM MalaCards, https://www.malacards.org/), n accoummpytotca ¢
3aflepXKKaMU pPa3BUTUSA, PAcCTPOMCTBAMMN ayTUCTUYECKOTO CMEKTPa, BPOXKAEHHbIMW aHOManaMK, a Takxke gucmopdu-
Yyeckmmun ocobeHHocTAMN. Llenb Hallero nccneaoBaHmnsA 3akioyanach B NOMCKe XPOMOCOMHOW naTtonorum y 6nvsHeLos
13 AKYTCKOW CeMbMU € rpyboi 3aep>KKo NCUX0-PeyYeBOro pasBUTUA, YMCTBEHHOI OTCTaNIOCTbIO B COYETaHUN C AUCMOP-
duAamn 1 BpoXKAEHHbIMY aHOManuAaMu. B 3Toin paboTte Mbl coobLyaem o fiBYX HOBbIX MaLyieHTax — MOHO3UIOTHbIX 6/1M3He-
Llax U3 OAHON AKYTCKOW CEMbM, KOTOPbIM Oblfia NPOBEAEHA MAKPOMATPUUYHAA CPaBHUTENIbHAA TeHOMHasA rmbpuamsanmns
(aCGH). B pe3synbTaTe AMarHOCTUKM OBHapy»KeHa pefkas WHTepCTLManbHas Aeneuus B permoHe 6p22.3-p24.3 pas-
Mepom 7.5 M6, koTopasa peTpocrneKTMBHO Gblna NoaTBepPKAeHa aHanmsoM GTG - guddepeHuranbHOro oKpallneBaHma
XPOMOCOM. 10 AaHHbIM LIUTOreHeTUYECKOro NCCIEA0BaHMSA, KapUOTUMbl poanTenei 6bi1m HopManbHbIMU, YTO TOBOPUT
0 de nNovo CTPYKTYPHOWN XPOMOCOMHOI NepecTpoiike Y NauMeHTOB. TakKe Mbl BbINMOSHWUAN CPaBHUTENbHbIA GeHOoTUMNN-
YecKkuin aHanms 3Tmx 6IM3HEL0B MeXay CO60M U C APYrMY paHee OMUCaHHbIMK B iMTepaType NaunMeHTamu, y KoTo-
pbix ObIIN HaAeHbl MepeKkpbIBaoLMecs Aeneynn B permoHe 6p22-p24. Kpome Toro, npoBefeHbl 0630p nutepaTypbl 1
aHanM3 reHHOro CocTaBa AeNeTMPOBAHHOMO PernoHa 6p22.3-p24.3 ¢ 0b6CyKAeHUeM Koppensauuy reHoTun-geHotun. Mo
pe3ynbtatam GEeHOTUMMYECKOrO aHanm3a BbiABMIEHbI Kak 00LLMe, TaK U pasfinyHble CTUrMbl An3mopdoreHesa, Takme Kak
KpaHuodaumanbHble gucmopdum, fedbopmaLun YIWHbIX PAKOBUH U OTKIIOHEHNA B Pa3BUTUN BEPXHUX U HUMKHUX KOHeY-
HOCTeN, 4acTo ynommnHaemble B utepatype. OfHaKo B MpOaHann3MpoBaHHbIX AaHHbIX Kak B InTepaType, Tak 1 B HaLINX
HabsloAeHUAX Y BCEX MALMEHTOB OTCYTCTBOBAN OOLLUIi AeNeTVPOBaHHBIN PErMOH B 0611acTh 6p22-p24, 4To CO3AaeT TPYA-
HOCTU B YCTAHOBJIEHUW TOYHOTO AMarHo3a. MNonyyeHHble pe3ynbraTbl YKa3blBalOT Ha CJIOXKHOCTb OfHO3HAYHOrO onpeje-
NEHNA MUHVMAJIbHO MEPEKPBIBAIOLLErOCA PErroHa, OTBETCTBEHHOIO 3a Habsloaaemble GEHOTUMMYECKUE 1 NOBedeHYe-
CKNe 0COBEHHOCTY, 1 Ha BaXXHOCTb MOC/IEA0BATENIbHOMO M MHOTOYPOBHEBOTO NOAXOAA K AMArHOCTMKe rpy6oi 3aaepKku
NCUXO-PeyeBoro pasBuTUA.

KnioueBble cnoBa: nHTepcTULUManbHasa geneuna 6p22.3-p24.3; nHTenneKkTyanbHble PacCTPONCTBA; 3a4epXKKa Ncnxo-pe-
YeBOro Pa3BUTUSA; PAaCCTPONCTBO ayTUCTUYECKOTO CNeKTPa; MUKPOMATPUYHas CPaBHUTENbHAA reHOMHas rmbpuansayms

Introduction
The frequency of intellectual disorders (ID) in the world is
2-3 % (McKenzie et al., 2016); 1-3 % of children suffer from
delayed psychomotor development combined with dysmor-
phia and congenital anomalies (Shaffer, 2005). It is known
that the proportion of children with disabilities due to mental
and behavioral disorders in Russia reaches 31 % (Freize et
al., 2025). Genetic factors account for 17-47 % of the causes
of intellectual disabilities (Moeschler, Shevell, 2006). Aneu-
ploidies, large deletions and duplications, and unbalanced
chromosomal translocations occur in 30-35 % of patients
with intellectual disabilities and, as a rule, underlie syndromic
forms of intellectual disability (Willemsen, Kleefstra, 2014).
Deletions affecting the distal part of the short arm of chro-
mosome 6 are relatively rare. According to the MalaCards web-
site (https://www.malacards.org/), the frequency of 6p24-pter
chromosome deletion syndrome in the population is less than
1 per 1,000,000 people. Distal deletions of 6p24-pter are as-
sociated with developmental delay, brain malformations (in-
cluding Dandy—Walker malformation, MIM 220200), anterior
chamber abnormalities, hearing loss, ear abnormalities, micro-
gnathia, and heart defects (Mirza et al., 2004). Patients with
larger 6p23-pter deletions also have microcephaly, genital ab-
normalities, speech disorders, and delayed motor development
(Plaja et al., 1994; Celestino-Soper et al., 2012). Interstitial
deletions on 6p22-p24 are registered even less frequently and
are usually associated with delayed psychomotor development
and growth, hypotension, as well as a number of congenital

anomalies, including hydrocephalus, microcephaly, struc-
tural eye abnormalities, hypertelorism, low-set and deformed
ears, nasal anomalies, micrognathia, palate anomalies, short
neck with folds on the skin, heart defects, kidneys and feet,
abnormal genitals and abnormal fingers with nail hypoplasia
(Plaja et al., 1994; Mirza et al., 2004; Celestino-Soper et al.,
2012).

There are two reports in the scientific literature about inter-
stitial deletion on chromosome 6p22.3-p24.3. In one of them,
the authors used microarray comparative genomic hybridiza-
tion (aCGH) to identify a ~5.4 Mb deletion on chromosome
6p22.3-p23 in a 15-year-old patient with intellectual disability
and autism spectrum disorder (ASD) (Celestino-Soper et al.,
2012). They suggest that the cause of developmental delay
and ASD is related to the deletion of the ATXNI, DTNBPI,
JARID2, and NHLRCI genes. The same article describes
17 more patients who had overlapping interstitial deletions
on chromosome 6p22-p24. Most patients had neurological or
behavioral abnormalities, including developmental and speech
delays, ASD, attention deficit hyperactivity disorder (ADHD),
repetitive movements, and various dysmorphic facial features.

Another article describes a rare case of interstitial deletion
on the short arm of chromosome 6 in a fetus with multiple
malformations, detected prenatally by the standard cytogenetic
method of amniotic fluid at the 26th week of pregnancy. After
termination of pregnancy, the authors eliminated the possibil-
ity of insertion of chromosome 6 material into any other chro-
mosome using fluorescent in situ hybridization (FISH) with a
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full-chromosome probe for chromosome 6 and subtelomeric
6p and 6q probes. Next, molecular karyotyping was performed
using the aCGH method, which revealed a rare de novo inter-
stitial deletion 6p22.3-p24.3 (Colmant et al., 2009).

In this study, two new twin patients from the same Yakut
family who were diagnosed with a rare de novo interstitial
deletion in the 7.5 Mb region 6p22.3-p24.3 are described.
Based on the analysis of the previous data, as well as published
materials, a comparative phenotypic analysis of these twins
between themselves and with other patients with overlapping
deletions in the 6p22-p24 region was conducted. A review of
the literature and an analysis of the gene composition with
a discussion of genotype and phenotype correlations were
carried out.

The purpose of the research was to find a chromosomal
pathology in twins from a Yakut family who have a severe
delay in psycho-speech development and mental retardation.

Materials and methods

The research was approved by the Committee on Biomedical
Ethics of the Scientific Research Institute of Medical Genetics
of Tomsk National Research Medical Center (Protocol No. 15
dated 28.02.2023). Informed voluntary consent to participate
in the research was received, signed by the parents of the
study participants.

Clinical, genealogical and cytogenetic studies of the studied
family were conducted on the basis of the Medical and Genetic
Center of the State Autonomous Institution “RH No. 1 —
NCoM named after M.E. Nikolaev” using the resources of the
biocollection “DNA Bank of Congenital and Hereditary Pa-
thology and Populations of the Republic of Sakha (Yakutia)”.

Cytogenetic examination (karyotyping) was performed
on peripheral blood lymphocytes of the patients with GTG-
differential staining of chromosomes at the level of 550 bands
according to generally accepted protocols under a light mi-
croscope.

Microarray comparative genomic hybridization (aCGH)
was performed using SurePrint G3 Human CGH 8 x 60K
microarray (Agilent Technologies, Santa Clara, California,
USA) in accordance with the manufacturer’s recommenda-
tions based on the Scientific Research Institute of Medical
Genetics of the Tomsk National Research Medical Center.
Labeling and hybridization of the patient’s DNA and refer-
ence DNA (Human Reference DNA, Agilent Technologies)
were performed using enzymatic labeling and hybridization
protocols (v. 7.5, Agilent Technologies). Array images were
obtained using the Agilent SureScan microarray scanner (Agi-
lent Technologies). The data obtained were analyzed using the
CytoGenomics (v. 5.3.0.14) software (Agilent Technologies)
and publicly available databases of genomic variants: (DGV)
(http://projects.tcag.ca/variation), MIM (https://omim.org/),
DECIPHER (https://www.deciphergenomics.org/) ClinView
Analytics (https://clinical-intelligence.org/services/clinview-
analytics/). The aCGH results were analyzed in accordance
with the recommendations of the American Collegium of
Medical Genetics and Genomics (ACMG) (Riggs et al., 2020)
and the Russian Society of Medical Geneticists (Lebedev et
al., 2023).
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A familial case of chromosome 6p22.3-p24.3 deletion
in twins with psychomotor and speech delay

Results

The patients, 7-year-old boys from a Yakut family, have been
registered at the Medical and Genetic Center of the RH No. 1 —
NCoM since 2021 at the age of four with a diagnosis of
“Residual organic damage of the central nervous system with
severe mental retardation. General speech underdevelopment
of level 1. Cerebral palsy, mixed tetraparesis”.

It is known from the medical history that the family had
previously applied to the Medical and Genetic Center at the
30th week of pregnancy in connection with the carrying of
monochoric diamniotic twins. Ultrasound examination of
the fetuses revealed a number of changes: fetus No. 1 had
edema of Warton’s jelly, as well as a hydrocele; fetus No. 2
had polyhydramnios and congenital heart disease, including
a defect of the interventricular septum and possibly an aortic
defect, dilation of the pulmonary artery throughout, a narrow
isthmus of the aorta with suspected aortic coarctation. Both
fetuses had bradycardia.

The obstetric and gynecological medical history of the
mother is burdened: the first two pregnancies ended in
childbirth on time, the third pregnancy ended in spontaneous
miscarriage at the early stages, the fourth was terminated at
the request of the mother, the sixth ended in childbirth on
time. The patients were born from the fifth pregnancy that
was threatened with early termination (see the Figure b). The
delivery was performed by caesarean section at 36 weeks of
gestation. The Apgar score was 5/7 for both children. The birth
weight of patient 1 and patient 2 was 3,030 g (percentile 25.1;
SDS 0.67) and 2,845 g (percentile 14.0; SDS 1.08), respec-
tively, the height of both patients was 50 cm (percentile 52.4;
SDS 0.06).

In terms of psychomotor development, both children began
to hold their heads at the 2nd month, turn over at the 4th and
5th months, the first child started to sit at the 7th—8th months,
the other one first sat at the 9th month. The children started
walking with support from the age of one, but at some point
both began to lose their acquired skills. The brothers resumed
independent walking by the age of two. Among other things,
both boys had a delay in speech development, the first words
appeared closer to the age of 2 years. However, after the age
of three, a regression in psycho-speech development was
noted. There is currently no speech. They communicate with
pointing gestures and facial expressions, and make inarticulate
sounds; if necessary, they lead their relatives by the hand to
the object of interest.

Based on the results of the examination and analysis of the
phenotypic data of both boys, it is possible to identify both
commonalities and differences in their phenotypic character-
istics (Table 1).

In both patients, MRI of the brain with angiography re-
vealed the signs of residual encephalopathy. Based on the ex-
amination and assessment of the mental status of the patients,
apsychiatrist diagnosed them with “Other organic disorders of
behavior and emotions with intellectual and mnestic decline
and autistic-like behavior”.

As a result of the aCGH analysis, a pathogenic deletion
was detected in the p24.3-p22.3 region of chromosome 6
(arrfGRCh37] 6p24.3p22.3(10514204 17972394)x1; ISCN,
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a Patient 1 Patient 2
Chr6 Chr6
CGH Pane CGH Pane

p25.2
p24.3

p22.3

p22.1

p25.2
p24.3

p223

p22.1

p21.32 p21.32
p21.2 p21.2
p123 p12.3
p12.1 p12.1
q12 q12
q14.1 q14.1
q143 q14.3
q16.1 ql6.1
q16.3 q16.3

q22.1
q2231

q2233
q232

q24.1
q243
q25.2

q26

q22.1
q22.31
q22.33
q23.2
q24.1
q24.3
q25.2

q26

Standard and molecular cytogenetic study, ancestry of the studied family.

CemeliHbIN CyYan aeneymm Xxpomocombl 6p22.3-p24.3 2025
y 6IM3HEL0B C 3aflePXKKOI NCMXO-PEeUYEeBOro Pas3BnTmA 29.5
b

a - profile of aCGH chromosome 6 in patients 1 and 2; b — family ancestry; n/p — non-developing pregnancy; m/a — medical abortion; ¢ — G-stained chromo-

somes 6 in patients 1 (left) and 2 (right).

2020) (see the Figure a). This chromosomal rearrangement
has a length of 7.5 Mb and was detected in both patients (see
the Figure a). 55 genes are localized in the 6p22.3-p24.3 dele-
tion region, among which 11 are pathogenetically significant
according to the MIM database (Table 2).

The standard cytogenetic examination of chromosomes
was carried out retrospectively at the Medical and Genetic
Center of the State Autonomous Institution “RH No. 1 —
NCoM named after M.E. Nikolaev”. As a result, interstitial
deletion of 6p22-p24 was confirmed in both patients (see the
Figure ¢). According to the cytogenetic study, the karyotypes
of the parents were normal, indicating a de novo structural
chromosomal rearrangement in the patients.

Discussion
The interstitial deletion 6p22.3-p24.3 found in Yakut patients
in certain regions overlaps with the previously described
interstitial deletions in the 6p22-p24 region presented in the
scientific literature; however, they have different phenotypic
and behavioral features. Search of the databases of diagnostic
laboratories Medical Genetics Laboratories (MGL, https://
med-gen.ru/en/) and Signature Genomic Laboratories (SGL,
https://www.bionity.com/en/companies/18667/signature-
genomic-laboratories-llc.html) and literary sources revealed
19 more overlapping interstitial deletions, which coincide
with the deletion found in our patients with a diagnosis of
“Delayed psycho-speech development, mental retardation
and autism-like behavior” (Table 3).

Out of these 19 patients, 13 (patients 1, 2, 4-7, 9, 11-14,
16, 17) were also diagnosed with ASD and/or manifestations

associated with ASD, including delayed speech development,
ADHD, and behavioral abnormalities (Table 3) (Tuchman,
Rapin, 2022; Goldstein, Schwebach, 2024). Some authors
suggest (Celestino-Soper et al., 2012) that some of the fol-
lowing genes may be responsible for ASD traits: ATXNI,
JARID2, DTNBPI, and NHLRC1. Some studies have shown
that homozygous mice with ATXNI gene knockout exhibit
similar aberrations to transgenic mice of the spinocerebellar
ataxia type 1 (SCA1) model with polyglutamine expansions
(Matilla et al., 1998; Crespo-Barreto et al., 2010). Despite the
absence of ataxic symptoms characteristic of SCA1, as well
as progressive cerebellar degeneration in knockout mice, both
models showed abnormalities in spatial learning and memory,
motor learning and coordination.

In addition, changes in the expression of genes associated
with the functional activity of the cerebellum have been
reported (Matilla et al., 1998; Crespo-Barreto et al., 2010).
It should be noted that in a scientific article (Colmant et al.,
2009) described in the literature, cerebellar hypoplasia was
recorded in a fetus with deletion 6p22.3-p24.3. In addition, the
meta-analysis has shown that single nucleotide polymorphic
variants in the ATXN1 gene are associated with 1Q in patients
with ADHD (Rizzi et al., 2011). A. Bremer and co-authors
(2009) hypothesized that ATXNI haploinsufficiency may
contribute to the learning difficulties observed in patients with
a 6p22 deletion, which can be noted in our patients who have
a deleted 6p22 region (Table 1).

Given the importance of haploinsufficiency for cognitive
functions and associations with behavioral abnormalities in
mouse models, P.B. Celestino-Soper and co-authors (2012)
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Table 1. Phenotypic features in twins with deletion 6p22.3-p24.3

A familial case of chromosome 6p22.3-p24.3 deletion
in twins with psychomotor and speech delay

Phenotypic features Patient 1
Protruding occiput +
Narrow face +
Wide eyebrows +
Thick eyelashes +
Divergent strabismus +
Wide, flat bridge of the nose +
Wide tip of the nose +
Deep filter +

Elongated lips with a wide cupid’'s bow  +
Drooping corners of the mouth +
Macrotia +

Darwin’s tubercle Left

Antihelix Protruding from both sides
A deformity of the curl that resemblesa  Left auricle

question mark in shape

“Fleshy” earlobes +

Poorly developed subcutaneous fat +

tissue

Wide umbilical ring +

Clinodactyly of 5 fingers +

Knee joint area Popliteal cord on the right,

Patient 2
+

+

+
Protruding on the right, flattened on the left

Right auricle

+
+

The area of hyperkeratosis is dirty gray in color

incomplete extension of the knee joints

Feet Swollen feet, sandal gap, flat-valgus feet
Gait Unsteady, wide base,

occasional tiptoe walking
Trunk ataxia +

Peculiarities of behavior during
examination
does not respond to name

suggest that heterozygous deletions affecting ATXNI func-
tionality may be associated with negative consequences of
developmental delay and ASD, both in isolation and in com-
bination with other gene deletions.

Deletions in the 6p.24 region are also associated with
heart defects. The EDNI gene (located at 6p24.1) encodes
the protein called endothelin-1. A study of the distribution of
messenger RNA in various tissues revealed that it is distrib-
uted differently in brain and heart tissues. Endothelin has an
effect on the central nervous system and on the excitability
of neurons. Moreover, the EDNI gene is involved in both
craniofacial and cardiac development (Bogani et al., 2005).
Our patients have the same deletion region 6p24.1 as other

Hyperactive, active, does not follow
instructions, does not follow objects,

Sandal-shaped gap, flat-valgus position
of the feet, protruding metatarsophalangeal
joint of the 5th toe of the right foot

Unsteady, wide base, periodically moves
on the outer surface of the feet

Sleepy, lethargic, turns away during
examination, does not follow instructions,
does not monitor objects

10 patients (2, 6-8, 10, 11, 14, 16, 17, 19), who also had con-
genital heart defects (Table 3), as well as the deleted EDNI
gene. It should be noted that the scientific literature describes
a mutation in the endothelin-1 gene that causes auriculocon-
dylar syndrome (MIM 615706), as well as isolated “question
mark ears” syndrome (MIM 612798) (Table 2). According
to the phenotypic comparison, the patients described by us
had similar deformities of the auricles: macrotia, a deformed
notch of the outer curl, resembling a “question mark™ in shape
(Table 1).

The JARID2 gene is expressed in both embryonic and
adult human neurons (Berge-Lefranc et al., 1996) and can
function as a transcriptional repressor (Toyoda et al., 2003);
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Table 2. Characteristics of genes located in the region 6p22.3-p24.3 (coordinates: 6:10514204-17972394 at the GRCh37 assembly)

Gene Coordinates  Function of genes Associated diseases MIM
symbol
ATXN1 6:16299112-  Binds to RNA and proteins; participates Spinocerebellar ataxia type 1, AD (MIM 164400) 601556
16761491 in transcription and developmental processes
DTNBP1 6:15522807-  Organelle biogenesis; Hermansky-Pudlak syndrome (MIM 203300); 607145
15663058 plays a role in neuronal function Schizophrenia, AR (MIM 181500)
JARID2 6:15246069-  Binds to DNA, chromatin and proteins; Developmental delay with varying degrees 601594
15522042 transcriptional repressor; of intellectual disability and dysmorphic facial
plays a role in CNS development features, AD (MIM 620098)
CAP2 6:17393595-  Binds to actin Dilated cardiomyopathy, 21, AR (MIM 620462) 618385
17557780
EDN1 6:12290361-  Binds to signaling receptors; Auriculocondylar syndrome 3, AR (MIM 615706); 131240
12297194 participates in hormonal activity Question mark ears, isolated, AD (MIM 612798)
GCM2 6:10873223-  DNA binding activity Hyperparathyroidism 4, AD (MIM 617343); 603716
10882041 Isolated familial hypoparathyroidism 2,
AD and AR (MIM 618883)
MAK 6:10762723-  Phosphorus-containing transferase activity Retinitis pigmentosa 62, AR (MIM 614181) 154235
10838553 and protein tyrosine kinase activity
PHACTRT  6:12716312-  Binds to actin and protein phosphatase 1 Developmental and epileptic encephalopathy 608723
13290446 type 70, AD (MIM 618298)
SYcpP2L 6:10886831-  An oocyte-specific gene product that localizes Premature ovarian failure 24, AR (MIM 620840) 616799
10979320 to centromeres at the dictyotene stage
and regulates the survival of primary oocytes
GCNT2 6:10492223-  Acetyl glucosaminyl transferase [Blood group li], AD (MIM 110800); 600429
10629368 activator and N-acetyllactosaminide Adult i phenotype without cataract, AD
beta-1,6-N-acetylglucosaminyl transferase (MIM 110800);
activator Cataract 13 with phenotype i in adults, AR
(MIM 116700)
TBC1D7 6:13266542-  Activates GTPases and binds to small GTPases; Macrocephaly/megalencephaly syndrome, AR 612655
13328583 plays a role in regulation of cell growth (MIM 612655)

and differentiation

Note. AD - autosomal dominant inheritance; AR — autosomal recessive inheritance.
* Gene functions are given based on the Gene Ontology Annotation (http://www.ebi.ac.uk/GOA/).

its mouse homologue, jumonji (Jmyj), is necessary for normal
neural tube formation and heart development (Takahashi et al.,
2004). Patients with a heterozygous deletion in the JARID?2
gene, which is assumed to lead to haploinsufficiency of the
JARID? gene, had clinical manifestations of disorders of the
nervous system (Barey et al., 2013; Verberne et al., 2021)
(Table 2). The described features in these patients, like in
our twins, had characteristic features such as developmental
delay, ASD, behavioral disorders, and minor facial phenotype
features (Table 1).

In this study, 11 out of 21 patients, including ours, re-
vealed various stigmas of dysmorphogenesis, including
craniofacial dysmorphia, ear deformities, and abnormalities
in the development of the upper and lower extremities, often
mentioned in the literature. In addition, most of the patients
had speech disorders and behavioral disorders. However, in
the analyzed data, both in the literature and in the present
observations, all patients lacked a common deleted region in
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the 6p22-p24 region, which makes it difficult to establish an
accurate diagnosis.

Conclusion

In this research, two new cases of de novo interstitial deletion
6p22.3-p24.3 in monozygotic twins from the same Yakut fa-
mily were analyzed. After studying the literature, the fact of
the rare occurrence of such a deletion in the world was proven.
A comparison of the phenotypic and behavioral features be-
tween our patients and patients previously described in the
literature, who had overlapping deletions in the 6p22-p24
region, was made. In addition to a number of common phe-
notypic features, differences were found between all patients
with deletion in the 6p22-p24 region, including our twins.
The phenotypic manifestations caused by variants in certain
areas of this region are likely to manifest with incomplete
penetrance. This fact may indicate a variation in the severity
of traits depending on the presence of modifying factors that
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in twins with psychomotor and speech delay
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may be found in other alleles, regulatory elements, or genes
located in different parts of the genome. This makes it difficult
to unambiguously identify the minimally overlapping region
responsible for the observed phenotypes, and indicates the
importance of a consistent and multi-level approach to the
diagnosis of severe delayed psycho-speech development.
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