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Abstract 

Background: Runs of homozygosity or long contiguous stretches of homozygosity (ROHs/LCSHs) 

are common in the human genome. ROHs/LCSHs spanning the imprinted loci have been previously 

associated with neurodevelopmental disorders. However, the outcomes of these epigenomic varia-

tions remain enigmatic. Accordingly, there is a need to evaluate the ROHs/LCSHs outcomes covering 

the imprinted loci. The aim of the study: To describe the outcomes of ROHs/LCSHs spanning the 

imprinted loci of chromosomes 7, 11 and 15 among children with neurodevelopmental disorders. 

Materials and methods: Using molecular karyotyping by high-resolution SNP array, we obtained 

data on ROHs/LCSHs from 772 children with neurodevelopmental disorders and congenital malfor-

mations. ROHs/LCSHs spanning the imprinted loci of chromosomes 7, 11 and 15 were additionally 

analyzed by original bioinformatic approaches to uncover the pathogenic value. Results: 

ROHs/LCSHs spanning the imprinted loci of chromosomes 7, 11 and 15 were detected in 67 (8.7%) 

individuals. Bioinformatic analyses demonstrated that ROHs/LCSHs affecting imprinted loci of chro-

mosome 7 are not associated with clearly recognizable outcomes. Alternatively, ROHs/LCSHs af-

fecting imprinted loci of chromosome 11 (11p15.5p15.4; Beckwith-Wiedemann syndrome) and chro-

mosome 15 (15q11.2; Prader-Willi/Angelman syndromes) were associated with distinct outcomes as 

shown by bioinformatics approaches. Prader-Willi/Angelman syndrome loci were affected in 18 

cases (2.3%), whereas Beckwith-Wiedemann syndrome loci were affected in 10 cases (1.3%). Con-

clusion: Analysis of the outcomes of ROHs/LCSHs spanning the imprinted loci of chromosomes 7, 

11 and 15 has demonstrated that the epigenomic changes affecting 11p15.5p15.4, and 15q11.2 (28 
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cases; 3.6%) are associated with atypical forms of Beckwith-Wiedemann and Prader-Willi/Angelman 

syndromes, respectively. The outcomesof ROHs/LCSHs in chromosome 7 have not been found con-

vincing for a definitive conclusion about the phenotypic effects. Molecular karyotyping by SNP array 

is a valuable diagnostic technique offering opportunities for detecting these common but underesti-

mated epigenetic causes for neurodevelopmental disorders and congenital malformations. 

Keywords: chromosome; runs of homozygosity; long contiguous stretches of homozygosity; neuro-

developmental disorders; SNP array; bioinformatics; cytogenomics 

 

For citation: Kurinnaia OS, Vasin KS, Zelenova MA, et al. Outcomes of ROHs (runs of homozy-

gosity)/LCSHs (long contiguous stretches of homozygosity) spanning the imprinted loci of chromo-

somes 7, 11 and 15 among children with neurodevelopmental disorders. Research Results in Biomed-

icine. 2023;9(3):312-321. DOI: 10.18413/2658-6533-2023-9-3-0-2 

 

Introduction. Runs of homozygosity or 

long contiguous stretches of homozygosity 

(ROHs/LCSHs) are losses of heterozygosity 

spraining more than 1 Mb at specific chromo-

somal loci (i.e. segmental uniparental disomy 

or a pair of homologous chromosomal loci 

larger than 1 Mb derived from a single parent). 

Currently, these epigenomic variations are in-

timately linked to parental consanguinity (the 

amount of large ROHs/LCSHs (>3 Mb) per in-

dividual genome is high) and autosomal reces-

sive diseases (ROHs/LCSHs involve a locus 

containing a mutated gene associated with an 

autosomal recessive condition). ROHs/LCSHs 

may be occasionally associated with other 

pathological conditions. However, such re-

ports are rare and irreproducible [1, 2]. None-

theless, there is a type of ROHs/LCSHs clearly 

associated with congenital malformations and 

neurodevelopmental disorders detectable in at 

least 5% of the affected individuals. More pre-

cisely, these are ROHs/LCSHs spanning the 

loci containing imprinted gene clusters of 

chromosomes 7, 11 and 15 (alterations to these 

genes/gene clusters cause imprinting disor-

ders) [3, 4]. These findings are reproducible in 

unrelated neurodevelopmental cohorts [5]. Ep-

igenetic alterations within these imprinted 

gene clusters/genomic loci lead to an apprecia-

ble impact on molecular and cellular processes 

[6]. Accordingly, ROHs/LCSHs spanning 

chromosomal regions 7q21.11/7q21.3, 7q32.2, 

11p15.5p15.4 and 15q11.2 containing dis-

eases-associated imprinted genes are likely to 

cause deregulation of genomic imprinting and, 

thereby, to produce disease phenotypes [7]. 

Still, there are a number of unanswered ques-

tions surrounding the outcomes of 

ROHs/LCSHs spanning the imprinted loci of 

chromosomes 7, 11 and 15, which are gener-

ally related to phenotypic and molecular con-

sequences of these epigenomic variations.  

To answer these questions, applications 

of sophisticated methods of interpreting ge-

nomic or epigenomic variations are required. 

Recently, pathway-based classification of ge-

nomic variations to interpret the outcomes of 

alterations to genome has been proposed as a 

promising approach for medical genomics. 

The underlying basis for this bioinformatic 

technology is the analysis of genomic varia-

tions in the context of molecular and cellular 

pathways, which are able to be affected by the 

detected changes within an individual genome 

[8, 9, 10]. In the light of cytogenomic (chromo-

somal rearrangements and copy number varia-

tions) and (cyto)epigenomic (ROHs/LCSHs), 

the technology has repeatedly been found ef-

fective [7, 8, 11]. Our experience evidences 

that the most efficient way to define the effect 

of genetic/epigenetic changes on molecular 

and cellular pathways by the bioinformatic 

technology is to use systems analysis of the 

whole set of genes affected by (epi)genomic 

defects [12]. Thus, to succeed in studying the 

outcomes of ROHs/LCSHs spanning the im-

printed loci of chromosomes 7, 11 and 15, this 

bioinformatic approach to interpretation of ep-

icytogenomic variations should be applied. 

Genomic imprinting disorders have been 

systematically studied by a variety of genomic, 
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epigenetic and cytogenetic/cytogenomic tech-

niques. Apart from ROHs/LCSHs, numerous 

mechanisms for imprinting defects at 

7q21.11/7q21.3, 7q32.2, 11p15.5p15.4 and 

15q11.2 produced by genomic rearrangements, 

whole-chromosome uniparental disomy, and 

methylation defects are known [13, 14, 15]. 

Moreover, several studies highlight imprinted 

gene contribution to neurodevelopmental and 

neuropsychiatric diseases [16]. More specific 

defects (e.g. mosaic methylation patterns) are 

able to cause disease-associated alterations to 

imprinted genes mapped to 15q11.2 [17]. Im-

printing defects at chromosomes 

7q21.11/7q21.3/7q32.2, 11p15.5p15.4 and 

15q11.2 are associated with Silver-Russell, 

Beckwith-Wiedemann and Prader-Willi/An-

gelman syndromes, respectively [13, 18, 19, 

20]. Consequently, one may suggest that 

ROHs/LCSHs spanning these imprinted loci 

are likely to cause atypical forms of the syn-

dromes and/or neurodevelopmental disorders. 

The aim of the study. Our study is 

aimed at evaluating the outcomes of 

ROHs/LCSHs spanning imprinted loci at 

7q21.11/7q21.3/7q32.2, 11p15.5p15.4 and 

15q11.2 in a large cohort of children with neu-

rodevelopmental diseases and congenital mal-

formations. Additionally, we aimed at deter-

mining the occurrence of pathogenic 

ROHs/LCSHs spanning the aforementioned 

regions and the applicability of molecular kar-

yotyping by SNP array for the molecular diag-

nosis.  

Materials and methods. Molecular kar-

yotyping by SNP array (CytoScan HD Arrays 

by Affymetrix (Santa Clara, CA); ~2.7 billion 

markers and ~750,000 SNPs for detecting copy 

number variations and losses of heterozy-

gosity) was applied to uncover ROHs/LCSHs 

in the Russian cohort of children with neurode-

velopmental disorders (intellectual disability, 

autism, epilepsy) and congenital anomalies 

(n=772). The cohort was repeatedly described 

previously [3, 4, 21, 22]; SNP array perfor-

mance was presented in details previously  

[21, 22, 23]. Addressing the outcomes of 

ROHs/LCSHs spanning imprinted loci at 

7q21.11/7q21.3/7q32.2, 11p15.5p15.4 and 

15q11.2 was carried out using original bioin-

formatic methods. Briefly, epigenetic, proteo-

mic/intercatomic and metabolomic profiling of 

imprinted genes of chromosomes 7, 11 and 15 

was bioinformatically evaluated using systems 

analysis and data fusion, as described else-

where [21, 24, 25]. Imprinted genes affected 

by ROHs/LCSHs were highlighted according 

to Geneimprint database (https://www.gene-

imprint.com/site/genes-by-species.Homo+sa-

piens.imprinted-All). Parental consanguinity 

was determined according to well-known pro-

tocol as reported previously [26]. 

Results and discussion. Molecular kar-

yotyping using high-resolution SNP array was 

successfully applied for uncovering 

ROHs/LCSHs spanning imprinted loci at 

7q21.11/7q21.3/7q32.2, 11p15.5p15.4 and 

15q11.2 (Fig.1). Sixty seven out of 772 (8.7%) 

children from the neurodevelopmental cohort 

were found to exhibit ROHs/LCSHs spanning 

the loci mentioned previously. Parental con-

sanguinity was uncovered in 11 cases (1.4%). 

Three cases of parental consanguinity demon-

strated ROHs/LCSHs spanning imprinted 

genes at 11p15.5p15.4 (n=1) and 15q11.2 

(n=2). The remaining cases of parental consan-

guinity were not associated with imprinting de-

fects at the aforementioned loci of chromo-

some 7, 11 and 15. ROHs/LCSHs spanning im-

printed genes of chromosome 7 were found in 

39 cases (5%), chromosome 11 – 10 cases 

(1.3%), and chromosome 15 – 18 cases (2.3%). 

ROHs/LCSHs spanning the imprinted locus at 

7q21.11/7q21.3 recurrently (i.e. more than 2 

times) encompassed following genes: MAGI2, 

TFPI2, SGCE, PEG10, PPP1R9A, and DLX5; 

7q32.2 – CPA4 and MEST; 11p15.5p15.4 – 

H19, IGF2, INS, KCNQ1, KCNQ1DN, and 

CDKN1C; 15q11.2 – MKRN3, MAGEL2, 

NDN, NPAP1, SNRPN, and UBE3A. The data 

obtained correlates with previous reports on 

ROHs/LCSHs spanning shortly the imprinted 

loci in individuals with neurodevelopmental 

disorders and congenital malformations [3, 4]. 
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Fig. 1. Ideograms demonstrating the imprinted loci affected by ROHs/LCSHs investigated  

in the present study (7q21.11, 7q21.3, 7q32.2, 11p15.5p15.4, and 15q11.2). 

 

Analysis of ROHs/LCSHs at 7q21.11, 

7q21.3, and 7q32.2 has not allowed to deter-

mine direct outcomes of these epigenomic 

changes. Firstly, the overwhelming majority of 

these cases demonstrated pathogenic copy 

number variations (n>1 per case) and chromo-

somal imbalances (deletions, duplications, an-

euploidy) (data not shown). Secondly, bioin-

formatic analysis yielded contradictory results. 

Thirdly, phenotypic diversity of these cases 

hindered genotype-phenotype correlations. In 

other words, ROHs/LCSHs at these imprinted 

loci of chromosome 7 were not associated with 

specific clinical manifestations (e.g. Silver-

Russell syndrome or another clinical entity). It 

is to note that there were only three genes 

(SGCE, PEG10, and PPP1R9A), which were 

systematically and concomitantly affected by 

ROHs/LCSHs at 7q21.3. In summary, we con-

cluded that ROHs/LCSHs spanning imprinted 

regions 7q21.11, 7q21.3, and 7q32.2 are un-

likely to cause a specific phenotype. Still, our 

observations do not imply that these epige-

nomic changes lack any kind of phenotypic 

consequences  
Focusing on 11p15.5p15.4, we found 

that ROHs/LCSHs at this chromosomal region 

affect imprinted genes in a recurrent manner. 

Furthermore, these imprinted genes are in-

volved in a wide spectrum of shared pathways 

inasmuch as their transcripts form a common 

interactome. Ontologies of the imprinted genes 

are frequently shared, as well. Furthermore, all 

the cases demonstrating ROHs/LCSHs at the 

imprinted loci 11p15.5p15.4 presented with 

atypical forms of Beckwith-Wiedemann syn-

drome, which possesses phenotypically recog-

nizable patterns of malformations and is re-

peatedly reported in the available literature 

[13, 15]. Figure 2 presents data on imprinted 

genes of chromosome 11 involved in 

ROHs/LCSHs. 
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Fig. 2. Imprinted genes of chromosome 11 involved in ROHs/LCSHs: occurrence of ROHs/LCSHs 

spanning the gene (given in number of cases per gene and depicted by Euler circles) 

 and interactome analysis. 

 

Imprinting deregulation/defects at 

15q11.2 are recognized causes of Angelman 

and Prader-Willi syndromes, which are well-

known genetic neurodevelopmental disorders 

[7, 13-17, 19, 20]. Therefore, it is not surpris-

ing that ROHs/LCSHs within this imprinted 

region possess appreciable pathogenic conse-

quences [3]. Still, the intrinsic outcomes of 

these epigenomic changes remains poorly un-

derstood. Our data indicate that ROHs/LCSHs 

at this chromosomal region affect imprinted 

genes in a recurrent manner as in the case of 

chromosome 11. Transcripts of ROHs/LCSHs-

affected genes within the imprinted locus of 

chromosome 15 form a common interactome. 

Shared ontologies between these imprinted 

genes are described, as well. Finally, similarity 

between ontologies of imprinted genes of chro-

mosomes 11 and 15 confirms a hypothesis sug-

gesting the existence of genomic imprinting-

overlapping phenotypes and an imprinting net-

work [15]. Figure 3 demonstrates data on im-

printed genes of chromosome 15 involved in 

ROHs/LCSHs. 

 

 
Fig. 3. Imprinted genes of chromosome 15 involved in ROHs/LCSHs: occurrence of ROHs/LCSHs 

spanning the gene (given in number of cases per gene and depicted by Euler circles)  

and interactome analysis. 
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As one may see, there are two distinct 

sets of genes concomitantly affected by 

ROHs/LCSHs (segmental uniparental di-

somy). The first gene set (NPAP1, SNRPN, and 

UBE3A) was more commonly associated with 

atypical Angelman syndrome phenotypes, 

whereas the second gene set (MKRN3, 

MAGEL2, and NDN) was more commonly as-

sociated with atypical Prader-Willi syndrome 

phenotypes. Unfortunately, parental origin of 

the segmental uniparental disomy 

(ROHs/LCSHs at these loci) was impossible to 

determine due to the impossibility of perform-

ing molecular karyotyping using both maternal 

and paternal DNA. These data would be intri-

guing for clinical description of these cases in 

light of the differences between Angelman and 

Prader-Willi syndromes. 

ROHs/LCSHs at the imprinted loci 

11p15.5p15.4 and 15q11.2 mimic uniparental 

disomy of chromosomes 11 and 15. However, 

regardless of the association between these 

epigenomic changes and neurodevelopmental 

disorders and congenital malformations [3, 4], 

guidelines on genetic diagnostic testing for 

uniparental disomy completely ignore 

ROHs/LCSHs or segmental uniparental diso-

mies affecting the imprinted gene clusters [27]. 

This ignorance results into a major problem, 

which may be defined as underdiagnosing of 

epigenetic/epigenomic changes producing 

neurodevelopmental phenotypes or atypical 

forms of Beckwith-Wiedemann and Prader-

Willi/Angelman syndrome. Additionally, there 

are numerous problems associated with molec-

ular cytogenetic, cytogneomic and molecular 

genetic diagnosis of neurodevelopmental dis-

eases associated with cytogenomic/epige-

nomic changes. These are basically referred to 

the impossibility of studying genomes and 

epigenomes at the chromosomal level by the 

majority of genomic techniques. For instance, 

SNP array is the only technique for cytoge-

nomic detection of ROHs/LCSHs, whereas 

FISH is the only visual technique for detecting 

low-level mosaicism and parental origins of 

chromosomes in mosaic cases [7, 28, 29, 30]. 

All these technological aspects are to be taken 

into account during diagnosis of atypical forms 

of Prader-Willi/Angelman and Beckwith-

Wiedemann syndromes [30, 31]. To increase 

the efficiency of cytogenomic approaches to 

detecting ROHs/LCSHs and copy number var-

iations, bioinformatic analysis (i.e. systems 

analysis, pathway-based classification etc.) is 

to be applied [8, 12]. Certainly, current medi-

cal genomics has technical potential to solve 

the diagnostic problems. In the light of uncov-

ering ROHs/LCSHs at the imprinted loci and 

the outcomes, we may recommend to use mo-

lecular karyotyping using SNP array in combi-

nation with advanced bioinformatic techniques 

allowing defining pathogenic values of ge-

nomic and epigenomic variations. 

Diverse epigenetic mechanisms have 

been described to regulate and to maintain ge-

nomic imprinting [32]. Recently, genomic im-

printing has been addressed using profound 

theoretical and empirical analyses. As a result, 

the imprintome concept was proposed since 

regulation, deregulation and defects of im-

printing are likely to form a complex system 

[33]. Unfortunately, chromosomal aspects of 

deregulation and defects (including occurrence 

of ROHs/LCSHs) have been totally left aside 

during the development of this concept. In this 

context, it is to mention that uniparental di-

somy is a chromosomic disorder in the first 

place [34]. Certainly, ROHs/LCSHs also do. 

To highlight this issue, we have introduced 

“cytoepigenomic variations” to describe cyto-

genetic/cytogenomic aspects of disease-asso-

ciated ROHs/LCSHs during the work of the 

cytogenomic epileptology consortium. In this 

context, it is apposite to note that children ex-

hibiting ROHs/LCSHs at the imprinted loci 

demonstrated epileptic conditions similar to 

the aforementioned imprinting disorders (An-

gelman syndrome is a recognized genetic 

cause of specific epilepsy types) [35]. Thus, 

theoretical issues related to definitions of 

ROHs/LCSHs reflect the analytical efforts to 

describe clinical outcomes of these disorders. 

To this end, using the data obtained and a re-

view of current challenges and opportunities 

for cytogenetics and cytogenomics in the clin-

ical context [35, 36], we concluded that sys-
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tems analysis of cytogenomic and cytoepige-

nomic data [37] is the most promising way to 

uncover the outcomes of related genomic and 

epigenomic variations.  

Conclusion. Cytoepigenomic variations 

manifesting as ROHs/LCSHs spanning the im-

printed loci of chromosomes 7, 11 and 15 are 

common among children with neurodevelop-

mental disorders as detected by molecular kar-

yotyping using SNP array. The incidence is es-

timated as 8.7%. Evaluations of the outcomes 

using advanced bioinformatic techniques ad-

dressing ontologies and interactomes of im-

printed genes affected by ROHs/LCSHs have 

demonstrated that epigenomic changes affect-

ing 11p15.5p15.4 and 15q11.2 (28 cases; 

3.6%) are associated with definable cellular 

and clinical consequences in affected individ-

uals. These mimic atypical forms of Beckwith-

Wiedemann (ROHs/LCSHs spanning im-

printed genes at 11p15.5p15.4) and Prader-

Willi/Angelman syndromes (ROHs/LCSHs 

spanning imprinted genes at 15q11.2). Analy-

sis of ROHs/LCSHs spanning imprinted genes 

chromosome 7 has not allowed us to determine 

apparent molecular/cellular and phenotypic 

consequences. Finally, we conclude that mo-

lecular karyotyping by SNP array followed by 

the application of advanced bioinformatic 

techniques represent a valuable diagnostic ap-

proach to uncover cytoepigenomic variations 

manifesting as ROHs/LCSHs spanning the im-

printed loci, which are common but underap-

preciated sources for neurodevelopmental dis-

orders. 
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