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Summary
Human ring chromosomes (RCs) are rare diseases with an estimated newborn incidence of 1/50,000 and an annual occurrence of 2,800

patients globally. Over the past 60 years, banding cytogenetics, fluorescence in situ hybridization (FISH), chromosome microarray anal-

ysis (CMA), and whole-genome sequencing (WGS) has been used to detect an RC and further characterize its genomic alterations. Ring

syndrome featuring sever growth retardation and variable intellectual disability has been considered as general clinical presentations for

all RCs due to the cellular losses from the dynamic mosaicism of RC instability through mitosis. Cytogenomic heterogeneity ranging

from simple complete RCs to complex rearranged RCs and variable RC intolerance with different relative frequencies have been

observed. Clinical heterogeneity, including chromosome-specific deletion and duplication syndromes, gene-related organ and tissue

defects, cancer predisposition to different types of tumors, and reproductive failure, has been reported in the literature. However, the

patients with RCs reported in the literature accounted for less than 1% of its occurrence. Current diagnostic practice lacks laboratory

standards for analyzing cellular behavior and genomic imbalances of RCs to evaluate the compound effects on patients. Under-repre-

sentation of clinical cases and lack of comprehensive diagnostic analysis make it a challenge for evidence-based interpretation of clin-

ico-cytogenomic correlations and recommendation of follow-up clinical management. Given recent advancements in genomic technol-

ogies and organized efforts by international collaborations and patient advocacy organizations, the prospective of standardized

cytogenomic diagnosis and evidence-based clinical management for all patients with RCs could be achieved at an unprecedented global

scale.
Historical perspective of human ring

chromosomes

Human ring chromosomes by solid staining

A ring chromosome (RC) results from breakage and fusion

at the telomeric or distal regions of both chromosome

arms; this circular chromosome replaces one normal chro-

mosome and presents unique mitotic behavior in

Drosophila and maize.1,2 In 1962, a human constitutional

RC derived from sex chromosome X was first observed

and followed by several patients showing clinical associa-

tion with some characteristics of Turner syndrome.3–5

From 1962 to 1970, earlier studies by solid staining of

metaphase chromosomes detected more than 30 patients

with an RC involving chromosomes X, 1, 2, 3, 4, 5, 13,

16, and 18 and a chromosome of the C, D, and E

groups.6–12 To characterize each RC, autoradiographic

studies with the incorporation of tritiated thymidine into

cultured blood leukocytes was performed to present

chromosome specific replication patterns.9,12–14 Mitotic

behavior of an RC for the frequency of dicentric ring,

loss of ring, and sister chromatid exchange (SCE) was
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analyzed by solid staining and autoradiographic pat-

terns.15 A patient with an RC 4 showed normal intelligence

and short stature, indicating the possibility of mild pheno-

types for RCs.14 Despite the technical difficulty and analyt-

ical limitation in the identification of each RC, these earlier

studies made several important findings. Firstly, the associ-

ation of RCs with congenital malformations to mild

phenotype was observed, and the clinical features of RCs

seemed to be related to those of distal deletions in the short

and long arms of the involved chromosomes.10–14 Sec-

ondly, self-perpetuating RCs were reported in different

ethnic groups of patients in Europe, Australia, and North

America, and variabilities in the size and cellular frequency

of RCs were noted in blood leukocytes and skin fibro-

blasts.10,11 Thirdly, the first mother-to-daughter transmis-

sion of an RC 18 was observed, indicating possible fertility

and segregation of RCs in families.12
Banding and molecular cytogenetics for dynamic

mosaicism and ring syndrome

In 1972, Q banding stained by quinacrine mustard

was used to detect an RC 20 in a patient with
icine, New Haven, CT, USA; 2Cytogenetics Laboratory, Greenwood Genetic

titute of Basic Medicine, Guangxi Medical University, Nanning, Guangxi,

ly; 5Kaleidos SCS, Scientific Office, Via Moretti Andrea 20, 24121 Bergamo,

ment of Neurology, Harvard Medical School, Boston, MA, USA; 7Laboratory

earch Medical Center of the Russian Academy of Sciences, Tomsk 634050,

man Genetics, 07747 Jena, Germany

ev@medgenetics.ru (I.L.), thomas.liehr@med.uni-jena.de (T.L.)

Genetics and Genomics Advances 3, 100139, October 13, 2022 1

ttp://creativecommons.org/licenses/by/4.0/).

mailto:peining.li@yale.edu
mailto:dupont@ggc.org
mailto:igor.lebedev@medgenetics.ru
mailto:thomas.liehr@med.uni-jena.de
https://doi.org/10.1016/j.xhgg.2022.100139
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xhgg.2022.100139&domain=pdf
http://creativecommons.org/licenses/by/4.0/


intellectual disability, seizures, microcephaly, and behavior

problems.16 Soon after this report, Q banding and G band-

ing by Giemsa staining were introduced to analyze RCs

and their variants in 60–250 metaphase cells.17,18 In

1973, a girl with an RC 1 showed severe short stature,

microcephaly, and intellectual disability and died with

acute myeloid leukemia and bronchopneumonia at the

age of 9 years; her bone marrow metaphases showed an

absence of RC 1 and probably the presence of an abnormal

chromosome 1 and a small marker chromosome.19 This

was the first patient with somatic chromosomal rearrange-

ments derived from a constitutional RC associated with a

specific type of cancer. In 1975, the prenatal diagnosis of

RCs by amniocentesis was reported in a fetus with an RC

13 and another with an RC 17; these pregnancies were

terminated after genetic counseling for the probable

outcome from reported patients.20,21 Later, combined

Q/G banding, silver staining for nucleolus organizing re-

gion (NOR), and SCE performed on an RC 15 observed

decreased satellite association, multiple ring variants

including decondensed and pulverized rings, and un-

changed rate of spontaneous SCE.22

Detailed analysis of mosaic patterns in various RCs

revealed the behavior of an RC throughmitosis and the de-

rivative RC variants including a dicentric ring, an inter-

locked ring, a small ring, and a loss of the entire RC.23,24

Amathematic model was proposed to estimate the survival

rates to the next mitosis of various chromosomal abnor-

malities including centric and acentric RCs as well as

dicentric and tricentric fragments.25 The consequence of

the irregular but persistent generation of genetically

different cells resulting from the behavioral peculiarities

of RCs were described as ‘‘dynamic mosaicism.’’26 This

RC-induced mosaicism should be differentiated from the

‘‘true mosaicism’’ consisting of cells with a normal comple-

ment and an abnormal RC.

In 1981, the term ring syndrome was proposed based on

a hypothesis that cells with further chromosomal anoma-

lies from the original ring are less likely to survive.27 The

abnormal phenotypes will usually be a mixture of three

main effects from (1) the original distal or telomeric dele-

tions that accompanied the ring formation, (2) the further

aneuploidies produced by the ring mechanics, and (3) the

massive cell death and the ensuing enormous waste of

metabolism. The latter can be expected to be the same in

all patients with an RC.27 On the analysis of 207 patients

with a ring autosome, approximately 20% of them showed

extreme growth failure, no major malformations, none or

only a few unspecific minor anomalies, and/or otherwise

almost normal appearance, which could be regarded as

ring syndrome.28 Furthermore, severe growth failure was

seen significantly more often among patients with a ring

of large chromosomes than among patients with a smaller

ring, larger RCs showed significantly more instability than

smaller rings, and growth failure was present significantly

more in patients with an unstable ring than with a stable

ring.28 Ring syndrome probably described a baseline ab-
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normality of complete RCs; however, variable phenotypes

among patients with an RC of the same chromosome, and

specific phenotypes related to deletions were noted.18,29

Banding cytogenetics enabled the characterization of RCs

and their variants, but the low analytical resolution of G

bands cannot reliably distinguish a complete ring from

an incomplete one.

In 1988, fluorescence in situ hybridization (FISH) using X

and Y centromeric probes was used to rapidly detect the

origin of sRCs derived from chromosomes X and Y.30,31

Loss of telomeric sequences in an RC 20 was detected by

FISH using probes specific for centromeric and telomeric

sequences.32 An RC 15, r(15) (p12q26.3), involving a dele-

tion of the insulin-like growth factor 1 receptor gene

(IGF1R) at 15q26.3, was detected by FISH, which correlated

with severe prenatal and postnatal growth deficiency and

Silver-Russell syndrome-like features.33

FISH has also been effective in the identification of chro-

mosomal origin of small RCs (SRCs) and supernumerary

small ring or marker chromosomes (sSRCs/sSMCs) of pedi-

atric and prenatal patients, which facilitated the interpre-

tation of clinical outcome for genetic counseling.34,35

Mosaicism of sSRCs of chromosome 1 resulting in partial

trisomy of different segments of chromosome 1 was re-

ported in three of eight patients with an RC 1; a normal

phenotype was noted in one patient of sSRC 1 composed

primarily of the centromere and the heterochromatic re-

gions of chromosome 1.36

Genomic approaches for RCs

In 2003, array comparative genomic hybridization (aCGH)

was performed in a patient with a satellited ectopic NOR

on the distal 1p generated by the breakage event during

the formation of an RC 21.37 Further improved high-den-

sity aCGH provided cytogenomic mapping in a patient

of a complete RC 19 and a duplication in 2q and another

patient of an RC 4 with a deletion of 4p for Wolf-

Hirschhorn syndrome (OMIM: 194190).38,39 The applica-

tion of high-resolution oligonucleotide aCGH precisely

delineated segmental duplication and deletion in a patient

with an RC 14. This facilitated the comparison of

clinical features with patients carrying distal alterations

of chromosome 14 and the proposal of an alternative

chromosome rescue mechanism for RC formation.40

Genome-wide SNP array was also validated for analyzing

genomic structure of RCs and sSMCs.41,42 Technical stan-

dards and practice guidelines for chromosome microarray

analysis (CMA) by aCGH and SNP array on constitutional

cytogenetic abnormalities have been developed and

implemented.43,44

In 2015, an acentric RC 14 arising from an interstitial

excision was analyzed by whole-genome sequencing

(WGS) to characterize the breakpoints and fusion sequence

at the base-pair level. The breakpoints occurred at non-

coding RNA genes of unknown function; the proximal

breakpoint downstream of the FOXG1 gene may have

resulted in its dysregulation and contributed to the
022



Figure 1. Major technology advancements and important clinical findings on the study of human RCs denoted along the top of a
timeline for the past 60 years
phenotype.45 WGS defined the breakpoints at distal long

and short arms for two patients of RC 18 and one patient

of RC 6.46–48 WGS in an RC 22 defined an unexpected

chromothripsis event.49 WGS on a patient of RC 9 with

distal deletions in both arms and an interstitial duplication

in the long arm revealed RC formation mechanism by

intra-strand repairing of subtelomeric double-strand

breaks.50 Reprograming of patient-derived fibroblast cell

lines with RCs to induced pluripotent stem cells (iPSCs)

discovered cell-autonomous correction of RC for potential

chromosome therapy.51,52 Recently, transcriptome anal-

ysis by RNA sequencing was performed to reveal differen-

tially expressed genes in RC 20.53 A comprehensive

analysis of human RCs should be performed combing

cell-based G banding and FISH analyses for detecting ring

variants and dynamic mosaicism with DNA-based CMA

andWGS for identifying genomic alterations. The timeline

for advancements of genetic technologies and major cyto-

genomic and clinical findings of RCs is shown in Figure 1.
Current understanding of constitutional RCs

Overview of clinical cases of RCs

Constitutional RCs belong to a rare type of intra-chromo-

some structural abnormality with an estimated newborn

incidence of 1 in 50,000.54,55 Based on the current popula-

tion of 7.7 billion and the birth rate of 1.8%, it is estimated

that there is an annual newborn number of 2,800 patients

with an RC globally. With an estimated detection rate of

0.06% in current cytogenetics laboratories, almost all labo-

ratories have occasionally encountered a few cases with an

RC but very rarely collected a case series of specific RCs.56 A

systematic literature search of Chinese patients with an RC

from 1979–2017 found 94 case reports and four original ar-

ticles with a total of 113 patients, including 95 patients of

autosomal rings and 18 patients of sex chromosome rings.

It is estimated that these reported patients in the Chinese

population accounted for approximately 1% of the occur-

rence for all RCs. The cytogenetic and clinical findings
Human
from these patients were used as a dataset for the develop-

ment of an online registry for human RCs.57

A further search of PubMed since 1962 retrieved 854 pa-

tients of autosomal rings and 175 patients of sex chromo-

some rings from 878 publications (Table S1). A significant

uneven occurrence of RCs was noted with relative fre-

quencies of 10%–12% for RCs 18, 20, and X, 5%–9% for

chromosomes of D/G groups (13, 14, 15, 21, 22) and Y,

and less than 4% for the remaining other chromosomes.

The least frequently seen RCs with a relative frequency

less than 1% raised a question of ‘‘RC intolerance’’ for chro-

mosomes 1, 8, 12, 16, and 19. The RC instability and

intolerance could be chromosome specific or may act in

a polygenic way. Accessible clinical and laboratory content

was assessed in 727 autosomal RCs (Table S2). Approxi-

mately 9% (62 patients) of autosomal RCs were detected

prenatally and 91% (665 patients) were postnatal patients.

For pregnancies detected with an RC, following prenatal

genetic counseling, 68% elected to terminate the preg-

nancy, 19% continued the pregnancy to term, and 13%

of the pregnancies ended with stillbirth. For postnatal pa-

tients, parental studies performed on 325 families revealed

approximately 88% of the RCs were de novo, 11% were

from a maternal carrier, and less than 1% were from a

paternal carrier. This estimation could be biased since

73% of familial patients with a maternal carrier were in

RCs 15, 18, 20, and 21. The inheritability of RCs should

be evaluated on individual chromosomes. CMA performed

on 163 autosomal RCs showed that 8% had a complete RC,

71% had an incomplete RC with simple deletions at one or

both ends of the chromosome, and 21% had complex

genomic rearrangements from combined deletions/dupli-

cations to chromothripsis. Survival to adulthood with

age ranging from 18 to 67 years was noted in 140 patients

in the probands or carrier parents. Of the 35 deceased pa-

tients in the reports, 25 patients (71%) died neonatally or

within the first year of life due to abnormalities of cardiac,

respiratory, and renal systems, nine patients (26%) died

during childhood and teenage years, and one patient

(3%) died at the age of 27 years. A longitudinal study is
Genetics and Genomics Advances 3, 100139, October 13, 2022 3



Figure 2. Relative frequency and case
distribution of human RCs
(1) Relative frequency of ring autosomes
and sex chromosomes.
(2) Correlation of relative frequency of RCs
and number of protein-coding genes in
each chromosome.
(3) Distribution of cases with autosomal
RCs by their age of onset or at diagnosis
and genders.
needed to understand the impact of RCs on life expecta-

tion. Shown in Figure 2 are the relative frequencies of

RCs, the correlation of relative frequency with the number

of genes involved for each chromosome, the distribution

of age of onset or age at diagnosis, and the genders for auto-

somal RCs. These 1,029 patients reported in PubMed ac-

counted for approximated 0.6% of the occurrence for all

RCs worldwide. Publication bias toward patients with an

RC with more laboratory analyses and more severe clinical

features should be noted. As for many rare genetic diseases,

under-representation of reported cases in the literature and

publication bias toward more severe cases are a challenge

for accurate prospective counseling in the situation of pre-

natal or early-in-life diagnosis of an RC.

Cytogenomic heterogeneity and ring formation

mechanisms

Structurally, RCs are divided into two types: (1) complete

RCs without loss of genetic material by telomere-to-telo-

mere fusion, and (2) incomplete RCs with distal or intersti-

tial deletions and/or duplications by one or multiple

fusion events.58–61 Mechanisms for RC formation were

firstly explored in two small case series of RC 21. RC forma-

tion mechanisms included breakage and fusion events in

distal regions with deletions of 21q and in an intermediate

isochromosome and an SCE in the initial ring for double-

sized dicentric RC 21; the latter two could associate with

a Down syndrome phenotype.62,63 A small case series of

14 patients with various RCs showed that 12 RCs (12/14,
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86%) involved distal breaks and loss

of chromosomal material and only

two RCs (2/14, 14%) were considered

as complete rings.64 Duplications in

addition to terminal deletions were

noted in a proportion of RCs, suggest-

ing that inverted duplication at the

joined ends for the formation of a

mirror-dicentric RC.65

Molecular mechanisms for RC for-

mation have been defined from

different RCs by genomic analysis.

Telomeric and subtelomeric fusions

for complete rings were confirmed

in an RC 17 and an RC 4.66,67 Intra-

chromosome repair for distal breaks

forming incomplete rings with distal
deletions and interstitial copy-number alterations were

characterized in an RC 18 and an RC 6 by WGS.46–48 The

formation of an RC 9 with distal deletions and an intersti-

tial duplication probably used an alternative end jointing

mechanism involving inverted repeats induced interstrand

fold back followed by microhomology-mediated DNA syn-

thesis and ligation.50 Rare incidence of chromothripsis

involvingmultiple segments in an RC 22 was characterized

by WGS.49 The impact of NOR association in nuclei on RC

formation has been observed in patients of RC 15 and RC

21 as well as in families with offspring of an RC from

parental carriers of a Robertsonian translocation.22,37,68,69

These results indicated multiple DNA-repairing mecha-

nisms in forming RCs; the repairing could be a one-step

event as seen in most patients with an RC and two-step

events involving an initial RC going through a breakage-

fusion-bridge cycle in mitosis for a secondary RC.57 The

observation of a small RC 3 and a supernumerary acrocen-

tric fragment of distal portions of 3p and 3q suggested a

novel mechanism for the origin of sSMC.70 It is hypothe-

sized that some sSMCs and sSRCs are the residual chromo-

somal markers on the rescue of trisomy or large RCs. sSRCs

as the rescue resultant of RCs were seen more frequently in

chromosomes X and Y and large autosomes.36 Loss of the

RC followed by monosomy compensatory for a mosaic

pattern consisting of RC and normal karyotype has

been observed in patients of RC 21 and RC 8; this

mechanism resulted in uniparental isodisomy of the

normal chromosome.71,72 Molecular analysis should be



introduced to differentiate cells with isodisomy due to

monosomy compensatory in dynamic mosaicism from

cells with heterodisomy of true mosaicism. The risk of uni-

parental disomy (UPD)-related disorders should be taken

into consideration.73

Mitotic disturbance of dynamic mosaicism resulting

from RC instability have been well documented, but chro-

mosomal and genomic factors that contribute to the vari-

ability of this instability remain elusive.60 Reduced cell

viability of 10%–20% in fibroblasts with RCs 4 and 15

and decreased cloning efficiency of 50% in fibroblasts

with RC 15 were noted in in vitro cell culture.74 Cytoge-

netic detection of RCs was performed on cultured cells

from amniocentesis chorionic villi, and peripheral blood

lymphocytes, but rarely on multiple tissues. Prenatal anal-

ysis in a patient noted complete karyotype discrepancy

with normal male karyotype in cultured chorionic villi,

RC 18 and monosomy 18 mosaicism in amniocytes, and

RC 18 only in umbilical blood lymphocytes.75 A patient

was reported with tissue-specific mosaicism consisting of

a stable RC 13 in lymphocytes and an unstable variant

RC 13 in skin fibroblasts.76 These observations indicated

the limitation on interpreting RC findings from the anal-

ysis of single tissue. There is no consensus from the experts

for a standardized procedure to evaluate the RC instability

and cellular viability in current diagnostic analysis.

Clinical heterogeneity on disability, inheritance, and

cancer predisposition

Ring syndrome with severe growth failure and variable in-

tellectual disability for complete ring autosomes has been

recognized.27,28 The patients reported in the literature

showed clinical heterogeneity with compound effects

from mitotic behavior and specific genomic imbalances in

the RCs.77 Categorization of genomic copy-number vari-

ants based on their clinical impact on disability, pene-

trance, inheritance, and reproduction has been proposed

from accumulated data of large case series.78 Obvious clin-

ical correlations with distal deletion syndromes have been

reported for different RCs. For example, recurrent patients

showed RC 4 with Wolf-Hirschhorn syndrome, RC 5

with Cri-du-Chat syndrome (OMIM: 123450), RC 17 with

Miller-Dieker syndrome (OMIM: 247200), and RC 22 with

Phelan-McDermid syndrome (OMIM: 606232).39,79–82

These syndromic manifestations could be so distinct to

conceal the presentation of ring syndrome.

Defects in different systems such as cardiac and muscle

defects, ocular and dental anomalies, and various brain

and neurologic defects like autism, bipolar disorder, epi-

lepsy, or seizures, and other tissue-specific effects have

been reported in different RCs.77 Autism has been reported

in RCs 13, 14, 17, 18, and 22.83–88 Epilepsy and seizures

have an extremely high penetrance for RC 14 syndrome

(OMIM: 616606) and RC 20 but also are seen in other auto-

somal RCs such as 17, 18, and 21; this is a medically action-

able condition, but drug resistance in some patients has

been described and alternative treatments suggested.89–96
Human
Cytogenomic mapping of patients with an RC 9 showed

genotype-phenotype correlations of short-arm deletions

of the DOCK8 gene (OMIM: 611432) with develop-

mental/intellectual disabilities and DMRT genes with sex

reversal in XY females (OMIM: 158170), respectively, as

well as long-arm deletion of the EHMT1 gene with Kleefstra

syndrome 1 (OMIM: 610253).50 Long-term follow up on

monozygotic twins with an RC 13 mosaicism in one of

them showed discordant phenotypes and a clear compari-

son between the twins.97 A 35-year follow up in a patient

with an RC 2 updated a terminal deletion and revealed

that the patient with ring syndrome features of severe

growth failure and moderate intellectual disability could

survive to adulthood without any new phenotypic data.98

Although familial patients of RCs have been reported, an

earlier review estimated that inherited RCs were reported

in 5.6% of patients but in reality should be no more than

1% considering publication bias.69 RC-associated infer-

tility such as Turner syndrome in RC X and azoospermia

in RC Y and other autosomes are well documented.99–101

RC 21 in likely healthy persons showed azoospermia in

males and infertility in females.102 Possible maternal

gonadal mosaicism for recurrence of RC 4 was reported.103

Tracking DNA polymorphicmarkers for two RCs 18 in a pa-

tient revealed that complex pairing and recombination

event in meiosis resulted in the formation of RCs.104 Inter-

chromosomal effects for increased risk of aneuploidies

were suggested by examining sperm chromosomes in

twomale carriers of RC Y.105,106 Analysis of sperm chromo-

somes from patients carrying an RC 21 showed preferential

meiosis of normal spermatogonia and thus significantly

reduced the RC in mature sperm cells.107 Preimplantation

genetic diagnosis of embryos from a maternal carrier of an

RC 22 showed accumulated postzygotic errors of chromo-

some 22.107 RCs could be used to study the influence of

chromosome size, morphology, and gene density on the

distribution and segregation of bivalent chromosomes in

meiosis.108

In additional to congenital anomalies, risks for specific

cancers have been reported for RCs. RC 7 was seen in asso-

ciation with skin lesions and malignant melanoma.109,110

Patients of RC 11 associated with Wilms tumor, RC 13

with retinoblastoma, RC 17 with neurofibromatosis, RC

21 with acute myeloid leukemia, and RC 22 with neurofi-

bromatosis, meningiomas, and vestibular schwannoma

have been reported.85,111,112,113–118 Dynamic mosaicism

and dysfunction of harbored tumor suppressor genes in

these constitutional RCs mediated the predisposition to

cancer.119 Cancer surveillance should be considered for pa-

tients carrying these RCs. Changes in skin pigmentation

and café au lait spots likely relating to dynamic mosaicism

have been reported in several patients of different

RCs.38,120 Constitutional RCs with cancer predisposition

and related tumor-suppressor genes are listed in Table 1.

Besides, RCs as acquired chromosomal abnormalities in

human neoplasia such as giant RCs in liposarcoma have

also been seen, which are reviewed elsewhere.121,122
Genetics and Genomics Advances 3, 100139, October 13, 2022 5



Table 1. Cancer predisposition and related tumor-suppressor
genes of constitutional RCs

RCs

Tumor-
suppressor
genes Cancers References

5 – myelodysplastic
syndrome

Nozawa et al.81

7 – hyperpigmentation,
melanoma

DeLozier-Blanchet et al.,109

Mehraein et al.110

11 WT1 Wilms tumor Carella et al.111

13 RB1 retinoblastoma Morrissette et al.112

17 TP53, NF1 neurofibromatosis
type 1

Havlovicova et al.85

21 RUNX1 acute myeloid
leukemia

Burillo-Sanz et al.,113

Vormittag-Nocito et al.114

22 NF2 neurofibromatosis
type II, meningiomas,
schwannoma,

Tommerup et al.,115

Petrella et al.,116

Denayer et al.117
Organized effort for cytogenomic diagnosis and clinical

management

The observed cytogenomic and clinical heterogeneity of

RCs demonstrated the necessity of an organized effort on

a large case series for accurate clinic-cytogenomic correla-

tion and evidence-based genetic counseling and clinical

management. Ring 14 International (R14I) is a patient

advocacy organization (PAO) founded in 2012 as a non-

profit organization to help affected people and their

caregivers and to promote and support scientific research

projects. Recently, R14I managed an ad hoc task force to

publish the first report on recommended guidelines for

diagnosis and clinical management of Ring 14 syn-

drome.89 According to those guidelines, children with

neuro-psychological alterations and drug-resistant epi-

lepsy need to have CMA as the first diagnostic step, and

all subjects for whom a 14q terminal deletion is identified

should also have a standard karyotype to assess for the

presence of a ring. Another PAO is the British Ring 20

research. This organization presents real-life stories from

patients and supports patient-led approaches to assess

the role of ketogenic dietary therapy in reducing

seizure frequency and preserve cognition for affected

patients.91,123 UNIQUE (https://rarechromo.org/), an over-

arching family support group for all chromosomal aberra-

tions, is an internationally active group that is in contact

with many families of RC carriers. Table 2 lists web re-

sources and PAOs providing RC-related information and

patient pilots.

Lessons from iPSCs of RCs

Cell lines from patients with RCs have been preserved in

cell repositories for research purposes.124,125 Reprograming

these patient-derived cell lines to iPSCs offers unprece-

dented opportunities of in vitro cellular models for studies

of human development, regenerative medicine, drug

screening, and cell therapy.126 The first attempts to
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generate iPSCs from fibroblasts with an RC 17 for Miller-

Dieker syndrome and an RC 13 discovered the unexpected

disappearance of RCs through a monosomy compensatory

UPD mechanism. This cell-autonomous correction

involved first the loss of the RC and then the duplication

of the normal chromosome within five to ten cell culture

passages; the correction ratio varied from different iPSC

clones. Remarkably, no RCs 17 and 13 were found in meta-

phase iPSCs, suggesting that such cells may be terminal

and non-dividing in the pluripotent state.51 This cell-

autonomous correction was proposed as a potentially

attractive therapeutic approach for large-scale chromo-

somal aberrations, named as ‘‘chromosome therapy.’’52

Genetic editing methods for circulation of genes and chro-

mosome using CRISP-Cas9 have been developed.127 This

genetic editing strategy could also be used to reduce tri-

somy to disomy by induced ring loss and to correct patho-

genic copy-number variation (CNVs) or large aberration by

compensatory UPD. Limitations in this chromosome ther-

apy concept include validity and efficacy of the technical

procedures, the risk of exposing recessive disease or

imprinting disorders, and ethical considerations.128,129

Further studies showed that stable iPSC lines with RCs

can be generated, at least for some chromosomes and for

some time or passages.125,130–132 Marked variability in the

mitotic stability of RCs in iPSCs, including instability be-

tween isogenic lines, was found.133 RCs 8 and 17 appear

to be less able to be maintained in the pluripotent state,

while RCs 21 and 22were foundmost stable in iPSCs. These

observations suggest that the smaller the RC size, the more

stable it is in iPSCs. In iPSC linesobtained fromfibroblasts of

the foreskin of a 26-year-old man, two lines had a normal

karyotype 46,XY, and another two lines had RC 22 in

mosaic state with different types of mosaicism.134 Detec-

tion of RCs in iPSCs with presumably normal karyotype

maybea consequenceof low-levelmosaicism,whichpreex-

isted in the initial tissues but was previously undetected by

conventional cytogenetic methods. However, the appear-

ance of RC 22 in two iPSC lines from one person may also

be a consequence of the structural peculiarities of the chro-

mosome predisposing to a ring formation.

Since iPSCs simulate early stages of embryo develop-

ment and are somewhat similar to embryonic stem cells

(ESCs), the study of chromosomal instability in iPSCs can

help elucidate the origins of RC mosaicism. Chromosome

mosaicism is a relatively common finding in in vitro fertil-

ization-derived human embryos. Trisomy rescue and

monosomy compensatory and resultant UPD have been

documented in the prenatal findings of fetoplacental

discrepancy and confined placental mosaicism. Self-correc-

tion of chromosomal abnormalities in human preimplan-

tation embryos and ESCs has been explained by increased

death and decreased division of aneuploid cells or alloca-

tion of the aneuploidy in the trophectoderm.135,136 In a

small case series, intrauterine transfer of mosaic aneuploid

blastocysts developed into healthy euploid newborns.137

However, if compensatory UPD is truly a cell-autonomous
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Table 2. Web resources for constitutional ring chromosomes

Organization Link

All ring chromosomes

A Human Ring
Chromosome Registry

http://yybio.tech/hrc/

Small supernumerary
marker chromosomes

http://cs-tl.de/DB/CA/sSMC/
0-Start.html

UNIQUE https://rarechromo.org/here e.g.
patient information sheets for
RC 9, RC 12, RC 14, R 18, RC 22

Chromosome Disorder
Outreach (CDO)

https://chromodisorder.org/

Orphanet https://www.orpha.net provides
basic information on several ring
chromosomes

NORD https://rarediseases.org
provides basic information on
several ring chromosomes

Ring chromosome 14

Ring 14 International http://www.ring14.org/eng/

Ring14 Clinical Database http://www.ring14.org/
questionario/crm/

Biobank collection of
Ring14 biosamples

Telethon Network of Genetic
Biobanks (http://www.ring14.org/
eng/341/biobanking-project/)

Ring chromosome 18

Chromosome 18 Registry &
Research Society

http://www.chromosome18.org

Facebook group for
Ring 18 in Italian

www.facebook.com/groups/
325784750908122

Ring chromosome 20

Ring 20 Research and
Support UK

https://ring20researchsupport.co.uk/

Ring chromosome 22

Chromosome 22 Central http://www.c22c.org

Facebook group for Ring 22 https://www.facebook.com/
pages/Ring-Chromosome-22/
118205524927128

Yahoo group for Ring 22 https://groups.yahoo.com/
neo/groups/ring22/info
process, cases with RCs will show self-corrected cells with

normal disomic patterns for the involved chromosome.

Nevertheless, in vivo examples of RC rescue via monosomy

appearance followed by chromosome duplication, result-

ing in compensatory UPD, were reported in patients with

an RC 21 and an RC 8.71,72 Of the 95 Chinese patients

with an autosome ring, only nine patients were noted

with normal cells, and there was no further study to deter-

mine a true mosaicism or a compensatory UPD.57 Clinical

cytogenetic results did not observe a large-scale in vivo self-

correction. Cellular reprogramming for iPSC may be a

necessary step to trigger compensatory UPD. Further study

to understand the mechanisms of RC loss and compensa-

tory UPD is needed for practical chromosome therapy.
Human
sSRCs)

Carriers of sSRCs constitute a subgroup of patients with

sSMCs; published patients with sSMC are already summa-

rized in an online database (Table 2). The database

included 809 patients of sSRCs: 65 of them are reported

in patients with multiple sSMCs; 45 are in connection

with a McClintock mechanism for the frequent decrease

and occasional increase in size of the rings or for

their loss through cell cycles;2 162 are derived from an

X chromosome and 79 from a Y chromosome (i.e., they

are seen in mosaic Turner syndrome cases as mos

45,X/46,X,þr); and the remaining 458 sSRCs are derived

from each possible human chromosome. All of the

patients with sSRC but one are derived from a single

chromosome; the excepted one unpublished patient listed

in the database as 11-Uc-1 has an r(11)t(11; 20)

(:11p11.1/11q12.1:20q13.1?2/q13.32:). Like in larger

RCs also in sSRCs, there is increasing evidence that in a

certain subset of patients, these sSMCs might not consist

of simple continuous stretches of pericentric DNA. Instead,

some seem to be derived from chromothripsis events and

thus lead to so-called discontinuous sSRCs like was

recently reported for sSRCs 10 and 19.138,139

Interestingly, telomeres can be present or absent in

sSMCs and sSRCs.61 Similar stability in mitosis was noted

for centric minute or ring-shaped sSMCs. However, at

least in cell culture, these centric minute or ring-shaped

sSMCs are far less stable than inverted duplication-

shaped sSMCs.140 Overall, similarities and differences

of sSRCs and RCs are not well established and studied

in the literature. It is obvious that sSRCs are more likely

to lead to small copy-number gains rather than copy-

number loss (apart from rare cases with McClintock

mechanism formation) and are more likely to go

together with mosaic trisomy rather than mosaic mono-

somy.107 Still, similarities of sSRCs and RCs concerning

stability in long-term culture have been reported.51,140

Similar mechanisms of formation have been reported as

well.61
Future directions

Over the past 60 years, the advance of genetic and

genomic technologies has enabled a comprehensive

analysis of human RCs. More recent case reports have

shown a high percentage of RCs with simple or complex

genomic rearrangements and imbalances.57,50 However,

the under-reporting of near-normal or mild phenotypes

from complete and stable RCs and insufficient analysis

on mitotic behavior and genomic alterations of RCs

could introduce bias and skew the clinical and cytoge-

nomic heterogeneity for RCs.102,67 Current understand-

ing from reported patients of RCs strongly recommends

a comprehensive cytogenomic analysis on the genomic

structures and dynamic mosaicism. This cytogenomic

analysis could be further complicated by the fact that
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Figure 3. A workflow for organized ef-
forts by ICHRC to provide comprehensive
cytogenomic diagnosis, resources for evi-
dence-based interpretation and clinical
management, and opportunities for
collaborative research
many cell types and tissues are affected, which are often

difficult to access. Better practice in diagnostic and

research analyses on RC cases could contribute to a bet-

ter understanding of the mechanisms governing RC for-

mation and mitotic behavior, more accurate clinic-cyto-

genomic correlations, and evidence-based clinical

treatment and management for patients.

In 2021, we launched an international consortium for

human RCs (ICHRC) with the goals of (1) developing lab-

oratory standards and guidelines for analyzing RCs, (2) re-

analyzing, reviewing, and registering RC cases into the Hu-

man Ring Chromosome Registry as an online database,

and (3) performing further genomic characterization and

functional analysis of RC structure and behavior. There is

a dedicated working group for each RC comprised of clin-

ical and molecular cytogeneticists, clinical geneticists,

and genetic researchers. Systematic evidence reviews are

performed by each working group following the evi-

dence-based practice guideline proposed by the American

College of Medical Genetics and Genomics (ACMG)

(https://www.acmgfoundation.org/PDFLibrary/ACMG_

Protocol_Manual_for_EB_Guidelines_with_2020_Link%

20(1).pdf). Working together with the ACMG laboratory

quality assurance committee, laboratory standards and

guidelines for human RCs will include technical details

of karyotyping, FISH, CMA, and WGS for patients with

an RC, diagnostic definitions of complete versus incom-

plete and stable versus unstable RCs, clinical interpretation

for associated phenotypes, and recommendations for

follow-up parental studies and clinical management. A

program on acquired RCs in various tumors is also

considered.

Criteria for reanalyzing, reviewing, and registering pa-

tients with an RC into the registry include completed

diagnostic cytogenomic analysis, and detailed clinical re-

cords. Approximately 80% of patients of RCs reported in

the literature lacked the genomic analysis for copy-num-

ber alterations in the RCs. The human RC registry plans

to register the 20% of RCs with clear cytogenomic and

clinical characterization. The ICHRC will provide tech-

nical support to reanalyze published RC cases by CMA

and WGS. The working groups are aimed to review,

curate, and register over 1,000 patients in a period of 5

years for full representation of all autosomal and sex chro-

mosome RCs. As shown in Figure 3, these organized ef-

forts by ICHRC and related resources will enable (1) future

evidence-based counseling and clinical management for

patients with an RC, (2) the characterization of genomic

structure of various RCs for underlying molecular mecha-
8 Human Genetics and Genomics Advances 3, 100139, October 13, 2
nisms of RC formation, (3) the definition of genetic and

genomic factors affecting RC instability and intolerance,

and (4) the provision of a patient-derived resource for

collaborative genetic research.
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29. Kosztolányi, G. (1985). Ring chromosome 4: Wolf syndrome

and unspecific developmental anomalies. Acta Paediatr.

Hung. 26, 157–165.

30. Kozma, R., Fear, C., and Adinolfi, M. (1988). Fluorescence

in situ hybridization and Y ring chromosome. Hum. Genet.

80, 95–96. https://doi.org/10.1007/BF00451465.

31. Crolla, J.A., and Llerena, J.C., Jr. (1988). A mosaic 45, X/46,

X, r(?) karyotype investigated with X and Y centromere-spe-

cific probes using a non-autoradiographic in situ hybridiza-

tion technique. Hum. Genet. 81, 81–84. https://doi.org/10.

1007/BF00283735.

32. Brandt, C.A., Kierkegaard, O., Hindkjaer, J., Jensen, P.K., Ped-

ersen, S., and Therkelsen, A.J. (1993). Ring chromosome 20

with loss of telomeric sequences detected by multicolour

PRINS. Clin. Genet. 44, 26–31. https://doi.org/10.1111/j.

1399-0004.1993.tb03837.x.

33. Tamura, T., Tohma, T., Ohta, T., Soejima, H., Harada, N., Abe,

K., and Niikawa, N. (1993). Ring chromosome 15 involving

deletion of the insulin-like growth factor 1 receptor gene in

a patient with features of Silver-Russell syndrome. Clin. Dys-

morphol. 2, 106–113.

34. Callen, D.F., Eyre, H.J., Ringenbergs, M.L., Freemantle, C.J.,

Woodroffe, P., and Haan, E.A. (1991). Chromosomal origin

of small ring marker chromosomes in man: characterization

by molecular genetics. Am. J. Hum. Genet. 48, 769–782.

35. Michalski, K., Rauer, M., Williamson, N., Perszyk, A., and

Hoo, J.J. (1993). Identification, counselling, and outcome

of two cases of prenatally diagnosed supernumerary small

ring chromosomes. Am. J. Med. Genet. 46, 88–94. https://

doi.org/10.1002/ajmg.1320460115.

36. Chen, H., Tuck-Muller, C.M., Batista, D.A., and Wertelecki,

W. (1995). Identification of supernumerary ring chromo-

some 1 mosaicism using fluorescence in situ hybridization.

Am. J. Med. Genet. 56, 219–233. https://doi.org/10.1002/

ajmg.1320560221.

37. Ki, A., Rauen, K.A., Black, L.D., Kostiner, D.R., Sandberg, P.L.,

Pinkel, D., Albertson, D.G., Norton, M.E., and Cotter, P.D.

(2003). Ring 21 chromosome and a satellited 1p in the

same patient: novel origin for an ectopic NOR. Am. J. Med.

Genet. 120A, 365–369. https://doi.org/10.1002/ajmg.a.

20236.

38. Hermsen, M.A.J.A., Tijssen, M., Acero, I.H., Meijer, G.A., Yl-

stra, B., and Toral, J.F. (2005). High resolution microarray

CGH and MLPA analysis for improved genotype/phenotype

evaluation of two childhood genetic disorder cases: ring

chromosome 19 and partial duplication 2q. Eur. J. Med.

Genet. 48, 310–318. https://doi.org/10.1016/j.ejmg.2005.

04.009.
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Table S1. List of Case Reports of Ring Chromosomes in PubMed 1962-2022

Case 
Count Case Report

Age Onset 
or 
Diagnosis Gender Inheritance

Nature 
History Karyotype PMID Title Authors Citation

Publication 
Year

1 RC1-1 3 m F na 46,XX,r(1)[71]/46,XX[7] 14215563 RING-1 CHROMOSOME AND MICROCEPHALIC 
DWARFISM

GORDON RR, COOKE P. Lancet. 1964 Dec 5;2(7371):1212-3. 
doi: 10.1016/s0140-6736(64)91045-

1964

1 RC1-2 8 m F na 46,XX,r(1) 6054759 Ring 1 chromosome and dwarfism--a possible 
syndrome

Wolf CB, Peterson JA, LoGrippo GA, 
Weiss L.

J Pediatr. 1967 Nov;71(5):719-22. 
doi: 10.1016/s0022-3476(67)80211-

1967

1 RC1-3 6 m F na d. 10 y BL: 46,XX,r(1)                                                                              
BM: 47,XX,der(1),+mar

4125054 Ring-1 chromosome, microcephalic dwarfism, and 
acute myeloid leukemia

Bobrow M, Emerson PM, Spriggs AI, 
Ellis HL.

Am J Dis Child. 1973 Aug;126(2):257-
60. doi: 

1973

1 RC1-4 2 m F de novo BL: 46,XX,r(1)[80]/46,XX[10]/r-var[10]                             
SF: 46,XX,r(1)[28]/46,XX[2]

679524 Apparently non-deleted ring-1 chromosome and 
extreme growth failure in a mentally retarded girl

Kjessler B, Gustavson KH, Wigertz A. Clin Genet. 1978 Jul;14(1):8-15. doi: 
10.1111/j.1399-

1978

1 RC1-5 nb F de novo 46,XX,r(1) 6502659 Ring chromosome 1 associated with radial ray 
defect

Gardner RJ, Grindley RM, Chewings 
WE, Clarkson JE.

J Med Genet. 1984 Oct;21(5):400. 
doi: 10.1136/jmg.21.5.400.

1984

1 RC1-6 nb F nd BL: 46,XX,r(1)(p36.3q44)/r-var[2/80]                             
SF: 45,XX,psu dic 
der(16;1)t(16;1;20)(p11.2;q41p12;p11.2),der
(20)t(16;1;20)[45]/46,XX,r(1)(p36.3q44)[5]

10826627 Ring chromosome 1 in a newborn Cutenese C, Mullett M, Hummel M, 
Wenger SL.

Clin Dysmorphol. 2000 Apr;9(2):131-
3. doi: 10.1097/00019605-
200009020-00012.

2000

1 RC1-7 3 y M de novo 46,XY,r(1)(p36.3q44)[10]/45,XY-1[5] 27099748 A patient with constitutional ring 1 chromosome 
characterized by SNP array CGH

Saliganan S, Lee J, Wei S. Clin Case Rep. 2016 Mar 
21;4(4):442-8. doi: 

2016

7 7

1 RC2-1 F 46,XX/46,XX,r(2)(p25q37) 315192 46,XX/46,XX,r (2)(p25q37) mosaicism: clinical and 
cytogenetic studies

Sutherland GR, Carter RF. Ann Genet. 1978 Sep;21(3):164-7. 1978

1 RC2-2 case 1 1.25 y M de novo 46,XY,r(2) 457140 Three cases of ring chromosome 2, one derived 
from a paternal 2/6 translocation

Maraschio P, Danesino C, Garau A, 
Saputo V, Vigi V, Volpato S.

Hum Genet. 1979 Apr 27;48(2):157-
67. doi: 10.1007/BF00286899.

1979

1 RC2-2 case 2 10 m F r(2;6) der 
t(2;6)pat

Proband: 46,XX,r(2;6)                                                          
Pat: 46,XY,t(2;6)(p15;q15)

457140

1 RC2-2 case 3 6 m M de novo d. 10.5 m 46,XY,r(2) 457140
1 RC2-3 1.5 y F de novo 46,XX,r(2)[311]/46,XX[64]/r-var[4] 7468662 Ring chromosome 2 in a child with growth failure 

and few congenital abnormalities
Vigfusson NV, Kapstafer KJ, Lloyd MA. Am J Med Genet. 1980;7(3):383-9. 

doi: 10.1002/ajmg.1320070321.
1980

1 RC2-4 1.5 y F de novo > 35 y 46,XX,r(2)(p25q37)196]/r-var[29] 6977305 The cytogenetic and clinical implications of a ring 
chromosome 2

Cote GB, Katsantoni A, Deligeorgis D. Ann Genet. 1981;24(4):231-5. 1981

0 RC2-4 (follow-up) 25997743 35-Year Follow-Up of a Case of Ring Chromosome 
2: Array-CGH Analysis and Literature Review of 
the Ring Syndrome

Sarri C, Douzgou S, Kontos H, 
Anagnostopoulou K, Tümer Z, 
Grigoriadou M, Petersen MB, Kokotas 
H, Merou K, Pandelia E, Giouroukou E, 

Cytogenet Genome Res. 
2015;145(1):6-13. doi: 
10.1159/000382046. Epub 2015 
May 14.

2015

1 RC2-5 4 y F de novo 46,XX,r(2)(p25q37) 7076252 Ring chromosome 2: clinical, chromosomal, and 
biochemical aspects

Jansen M, Beemer FA, van der Heiden 
C, Van Hemel JO, Van den Brande JL.

Hum Genet. 1982;60(1):91-5. doi: 
10.1007/BF00281274.

1982

1 RC2-6 nb M 46,XY,r(2)(p25q37.3)[0.65]/45,XY,-
2[0.27]/46,XY[0.02]

10406663 Ring 2 chromosome: ten-year follow-up report Lacassie Y, Arriaza MI, Vargas A, La 
Motta I.

Am J Med Genet. 1999 Jul 
16;85(2):117-22. doi: 
10.1002/(sici)1096-

1999

1 RC2-7 nb F de novo 46,XX,r(2)(p25q37)[79]/45,XX,-2[4]/r-var[17] 11546833 A case of ring chromosome 2 with growth 
retardation, mild dysmorphism, and microdeletion 
of 2p detected using FISH

Dee SL, Clark AT, Willatt LR, Yates JR. J Med Genet. 2001 Sep;38(9):E32. 
doi: 10.1136/jmg.38.9.e32.

2001

1 RC2-8 F 46,XX,r(2)(p25.3q37.3).ish 
r(2)(2pter+,2qtel+)

15844781 "Ring syndrome" involving chromosome 2 
confirmed by FISH analysis using chromosome-
specific subtelomeric probes

Kosho T, Matsushima K, Sahashi T, 
Mitsui N, Fukushima Y, Sobajima H, 
Ohashi H.

Genet Couns. 2005;16(1):65-70. 2005

1 RC2-9 nb M 46,XY,r(2)(p25q37)[13]/45,XY,�2[4]/47,XY,r(
2)(p25q37)x2[2]/46,XY,dic 
r(2;2)(p25q37;p25q37)[1]

15580637 A patient with a ring chromosome 2 and 
microdeletion of 2q detected using FISH: Further 
support for "ring chromosome 2 syndrome"

Alkuraya FS, Kimonis VE, Holt L, 
Murata-Collins JL.

Am J Med Genet A. 2005 Feb 
1;132A(4):447-9. doi: 
10.1002/ajmg.a.30437.

2005

1 RC2-10 pn, 23 gwk M de novo top 46,XY,r(2)(p25.3q37.3) 23403238 Prenatal diagnosis of ring chromosome 2 with 
lissencephaly and 2p25.3 and 2q37.3 
microdeletions detected using array comparative 
genomic hybridization

Chen CP, Lin CJ, Chang TY, Chern SR, 
Wu PS, Chen YT, Su JW, Lee CC, Chen 
LF, Wang W.

Gene. 2013 Apr 25;519(1):164-8. 
doi: 10.1016/j.gene.2013.01.055. 
Epub 2013 Feb 9.

2013

1 RC2-11 10 m M de novo 46,XY,r(2)(p25q37)[17]/47,XY,r(2),+r(2)[3]/4
6,XY[1]

23895799 Ring 2 chromosome associated with failure to 
thrive, microcephaly and dysmorphic facial 
features

López-Uriarte A, Quintero-Rivera F, de 
la Fuente Cortez B, Puente VG, Campos 
Mdel R, de Villarreal LE.

Gene. 2013 Oct 15;529(1):65-8. doi: 
10.1016/j.gene.2013.06.056. Epub 
2013 Jul 27.

2013

1 RC2-12 nb M de novo 46,XY,r(2)(p25.3q37.3)[92]/r-var[8] 25774222 Clinico-radiological and molecular characterization 
of a child with ring chromosome 2 presenting 
growth failure, microcephaly, kidney and brain 
malformations

Severino M, Accogli A, Gimelli G, Rossi 
A, Kotzeva S, Di Rocco M, Ronchetto P, 
Cuoco C, Tassano E.

Mol Cytogenet. 2015 Mar 5;8:17. 
doi: 10.1186/s13039-015-0121-z. 
eCollection 2015.

2015

14 13

1 RC3-1 nb M de novo 46,XY,r(3) 669717 Ring chromosome 3 in a retarded boy Witkowski R, Ullrich E, Piede U. Hum Genet. 1978 Jun 27;42(3):345-
8. doi: 10.1007/BF00291318.

1978



1 RC3-2 2 m M nl mat 46,XY,r(3)(p26q29)[0.92BL/0.90SF] 7154048 The phenotype of ring chromosome 3 Wilson GN, Pooley J, Parker J. J Med Genet. 1982 Dec;19(6):471-
3. doi: 10.1136/jmg.19.6.471.

1982

1 RC3-3 10 m F de novo 46,XX,r(3)(p26q29)[223]/46,XX[10]/r-var[55] 6513151 A case of ring chromosome 3, 46,XX,-
3,+r(3)(p26q29)

Kitatani M, Takahashi H, Yasuda J, 
Chen CC, Ida F, Shike S.

Jinrui Idengaku Zasshi. 1984 
Jun;29(2):157-62. doi: 
10.1007/BF01873537.

1984

1 RC3-4 4 m M de novo 46,XY,r(3) 2359108 Cornelia de Lange syndrome with ring 
chromosome 3

Lakshminarayana P, Nallasivam P. J Med Genet. 1990 Jun;27(6):405-6. 
doi: 10.1136/jmg.27.6.405.

1990

0 RC3-4 2002489 Cornelia de Lange syndrome with ring 
chromosome 3

Wilson GN. J Med Genet. 1991 Feb;28(2):143. 
doi: 10.1136/jmg.28.2.143.

1991

1 RC3-5 46 y M > 46 y 46,XX,r(3)(p26q29)[0.93] 1952790 [Ring chromosome 3 in a mentally retarded adult 
dwarf]

Teyssier M, Piperno D, Charrin C. Ann Genet. 1991;34(1):33-6. 1991

1 RC3-6 18 y F de novo 46,XX,r(3)(p26q29) 1920370 De novo ring chromosome 3: a new case with a 
mild phenotype

McKinley M, Colley A, Sinclair P, 
Donnai D, Andrews T.

J Med Genet. 1991 Aug;28(8):536-
8. doi: 10.1136/jmg.28.8.536.

1991

1 RC3-7 4 y F > 23 y 47,XX,-
3,+r(3)(p21.3q25),+rea(3)[76]/46,XX[16]/r-
var[6]

8786088 A novel mechanism for the origin of 
supernumerary marker chromosomes

Maraschio P, Tupler R, Rossi E, 
Barbierato L, Uccellatore F, Rocchi M, 
Zuffardi O, Fraccaro M.

Hum Genet. 1996 Mar;97(3):382-6. 
doi: 10.1007/BF02185778.

1996

1 RC3-8 F de novo 46,XX,r(3)(p26q29) 11491310 De novo ring chromosome 3 in a girl with 
hypoplastic thumb and coloboma of iris

Barajas-Barajas LO, Velarde-Félix S, 
Elizarrarás-Rivas J, Hernández-Zaragoza 

Genet Couns. 2001;12(2):151-6. 2001

1 RC3-9 8 m M 46,XY,r(3)(p26.1q29) 21849783 Clinical, cytogenetic and molecular study in a case 
of r(3) with 3p deletion and review of the 
literature

Guilherme RS, Bragagnolo S, Pellegrino 
R, Christofolini DM, Takeno SS, 
Carvolheira GM, Kulikowski LD, 

Cytogenet Genome Res. 
2011;134(4):325-30. doi: 
10.1159/000329478. Epub 2011 

2011

1 RC3-10 4 m F de novo 46,XX,r(3)(p26q29)[90]/47,XX,+2r(3)[5]/46,X
X,der(3)[5]

27077748 Chromosome r(3)(p25.3q29) in a Patient with 
Developmental Delay and Congenital Heart 
Defects: A Case Report and a Brief Literature 

Zhang K, Song F, Zhang D, Liu Y, Zhang 
H, Wang Y, Dong R, Zhang Y, Liu Y, Gai 
Z.

Cytogenet Genome Res. 
2016;148(1):6-13. doi: 
10.1159/000445273. Epub 2016 Apr 

2016

0 RC3-10 27984612 [Molecular cytogenetic analysis of a case with ring 
chromosome 3 syndrome]

Zhang K, Song F, Zhang D, Zhang H, 
Wang Y, Dong R, Zhang Y, Liu Y, Gai Z.

Zhonghua Yi Xue Yi Chuan Xue Za 
Zhi. 2016 Dec 10;33(6):816-819. 

2016

1 RC3-11 32090537 A rare case of ring chromosome 3 syndrome Huang T, Zhu L, Zhang SF, Hu XY, Cheng 
P, Luan SQ, Chen GH.

J Biol Regul Homeost Agents. 2020 
Feb 24;34(1). doi: 10.23812/19-277-

2020
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1 RC4-1 nb M de novo d. 4 w 46,XY,r(4)[165/200] 5801472 Congenital malformations associated with a ring 4 
chromosome

Carter R, Baker E, Hayman D. J Med Genet. 1969 Jun;6(2):224-7. 
doi: 10.1136/jmg.6.2.224.

1969

1 RC4-2 9 m F de novo 46,XX,r(4) 5149537 A ring-4 chromosome in a patient with normal 
intelligence and short stature

Surana RB, Bailey JD, Conen PE. J Med Genet. 1971 Dec;8(4):517-
21. doi: 10.1136/jmg.8.4.517.

1971

1 RC4-3 9 m F de novo 46,XX/46,XX,r(4)[0.09/0.58/0.64/0.72]age2/
3/5/9

4411581 A child with a ring-4 chromosome (46,XX-46,XX,r 
4)

Parker CE, Alfi OS, Derencsenyi A, 
Mavalwala J, Donnell G.

Am J Dis Child. 1974 Sep;128(3):371-
4. doi: 
10.1001/archpedi.1974.021102801
01015.

1974

1 RC4-4 8 y M de novo 46,XY,r(4)[0.90] 1150264 Derivative chromosomal structures from a ring 
chromsome 4

Niss R, Passarge E. Humangenetik. 1975 May 
26;28(1):9-23. doi: 
10.1007/BF00272478.

1975

0 RC4-4 12 y 872629 Sister chromatid exchanges in a ring chromosome 
4

Bartram CR. Cytogenet Cell Genet. 
1977;18(4):238-41. doi: 
10.1159/000130766.

1977

1 RC4-6 1.5 y M de novo 46.XY,r(4)(p16q35) 881718 Ring chromosome 4 McDermott A, Voyce MA, Romain D. J Med Genet. 1977 Jun;14(3):228-
32. doi: 10.1136/jmg.14.3.228.

1977

1 RC4-7 nb M de novo d. 1 wk 46,XY,r(4)(p15q35)[100]/r-var[23] 881198 Ring chromosome 4 and Wolf syndrome Pérez-Castillo A, Abrisqueta JA. Hum Genet. 1977 Jun 10;37(1):87-
91. doi: 10.1007/BF00293777.

1977

1 RC4-8 nb F de novo d. 4 d 46,XX,r(4)(p16q35)[87]/r-var[13] 711237 Partial deletion of 4p16 band in a ring 
chromosome and Wolf Syndrome

del Mazo J, Abrisqueta JA, Pérez-
Castillo A, Aller V, Lucas MA, de Torres 
ML, Martín MJ.

Hum Genet. 1978 Oct 19;44(1):105-
8. doi: 10.1007/BF00283580.

1978

1 RC4-9  nb F d. 6 y 46,XX,r(4) 7205435 Neurological and neuropathological findings in 
ring chromosome 4

Young RS, Zalneraitis EL. J Med Genet. 1980 Dec;17(6):487-
90. doi: 10.1136/jmg.17.6.487.

1980

1 RC4-10 2 m M de novo 46,XY,r(4)(p16q35)[0.77] 7270516 Ring 4 chromosome with terminal p and q 
deletions

Finley WH, Finley SC, Chonmaitree T, 
Koors JE, Chandler WC.

Am J Dis Child. 1981 Aug;135(8):729-
31. doi: 
10.1001/archpedi.1981.021303200
43015.

1981

1 RC4-11 1.5 y F 46,XX,r(4) 4041283 Ring chromosome 4: Wolf syndrome and 
unspecific developmental anomalies

Kosztolányi G. Acta Paediatr Hung. 1985;26(2):157-
65.

1985

0 RC4-11 3674110 Decreased cell viability of fibroblasts from two 
patients with a ring chromosome: an in vitro 
reflection of growth failure?

Kosztolányi G. Am J Med Genet. 1987 
Sep;28(1):181-4. doi: 
10.1002/ajmg.1320280125.

1987

1 RC4-12 12 y M 46,XY,r(4)(p16q35) 4046483 Ring chromosome 4 : 46,XY, r(4) (p16q35) in a boy Gutkowska A, Krajewska-Walasek M, 
Wiśniewski L.

Klin Padiatr. 1985 Jul-
Aug;197(4):294-6. doi: 10.1055/s-
2008-1033986.

1985



1 RC4-13 11 m M 46,XY,r(4)(p16q35) 3671134 [Ring chromosome 4 in twins] Giuffrè L, Cammarata M, Corsello G, 
Benigno V, Graziano L, Roccella F, 

Pediatr Med Chir. 1987 May-
Jun;9(3):349-50.

1987

1 RC4-14 nb M 46,XY/46,XY,r(4) 3261147 Ring chromosome 4 mosaicism and Potter 
sequence

Fryns JP, Kleczkowska A, Jaeken J, Van 
den Berghe H.

Ann Genet. 1988;31(2):120-2. 1988

1 RC4-16 nb F de novo 46,XX,r(4)(p16q35)[81]/45,XX,-4[12]/r-var[2] 2240048 Ring chromosome 4 in a child with duodenal 
atresia

Halal F, Vekemans M. Am J Med Genet. 1990 
Sep;37(1):79-82. doi: 
10.1002/ajmg.1320370118.

1990

1 RC4-17 8 y M de novo 46,XY,r(4)(p16q35)[72]/45,XY,-4[3]/r-var[25] 2015696 Ring chromosome 4 in a child with mild 
dysmorphic signs

Freyberger G, Wamsler C, Schmid M. Clin Genet. 1991 Feb;39(2):151-5. 
doi: 10.1111/j.1399-
0004.1991.tb03003.x.

1991

1 RC4-18 nb F de novo 46,XX[0.84]/46,XX,r(4)(p16q22.3)[0.12]/47,X
X,r(4),+del(4)(q22.3)[0.04]

8933346 Amelia, dextrocardia, asplenia, and congenital 
short bowel in deleted ring chromosome 4

Hou JW, Wang TR. J Med Genet. 1996 Oct;33(10):879-
81. doi: 10.1136/jmg.33.10.879.

1996

1 RC4-19 nb M de novo > 26 y 46,XY,r(4)(p16.3q35)[9]/46,XY[11] 9332654 Ring chromosome 4 mosaicism coincidence of 
oligomeganephronia and signs of Seckel syndrome

Anderson CE, Wallerstein R, 
Zamerowski ST, Witzleben C, Hoyer JR, 

Am J Med Genet. 1997 Oct 
31;72(3):281-5.

1997

1 RC4-20 pn: 17 
gwks

F top 46,XX,r(4)[0.44]/45,XX,-4[0.56] 12011164 Partial deletion of 4p and 4q in a fetus with ring 
chromosome 4: phenotype and molecular 
mapping of the breakpoints

Kocks A, Endele S, Heller R, Schröder B, 
Schäfer HJ, Städtler C, Makrigeorgi-
Butera M, Winterpacht A.

J Med Genet. 2002 May;39(5):E23. 
doi: 10.1136/jmg.39.5.e23.

2002

1 RC4-21 27 y F de novo > 27 y 46,XX,r(4)(p16q35)[160]/45,XX,-4[16]/r-
var[17]/46,XX[21]

16103661 Molecular cytogenetic characterization of ring 
chromosome 4 in a female having a 
chromosomally normal child

Lee MH, Park SY, Kim YM, Kim JM, Yoo 
KJ, Lee HH, Ryu HM.

Cytogenet Genome Res. 
2005;111(2):175-8. doi: 
10.1159/000086389.

2005

1 RC4-22 2.5 y F de novo > 26 y 46,XX,r(4)(p16q35) 16082703 Ring chromosome 4 in a patient with early onset 
type 2 diabetes, deafness, and developmental 

Blackett PR, Li S, Mulvihill JJ. Am J Med Genet A. 2005 Aug 
30;137(2):213-6. doi: 

2005

1 RC4-23 16719275 Wolf Hirshhorn syndrome in a case of ring 
chromosome 4: phenotype and molecular 
cytogenetic findings

Laleye A, Alao MJ, Adjagba M, Hans C, 
Delneste D, Gnamey DK, Ayivi B, 
Darboux RB.

Genet Couns. 2006;17(1):35-40. 2006

1 RC4-24 nb M de novo 46,XY,r(4)(p16.3q35) 16470698 Ring chromosome 4 and Wolf-Hirschhorn 
syndrome (WHS) in a child with multiple 

Balci S, Engiz O, Aktaş D, Vargel I, 
Beksaç MS, Mrasek K, Vermeesch J, 

Am J Med Genet A. 2006 Mar 
15;140(6):628-32. doi: 

2006

1 RC4-25 pn: 26 
gwks

M de novo stillbirth, 29 
gwks

46,XY,r(4)(p15.2q35.2)[11]/45,XY,-4[12] 17471607 Prenatal diagnosis of mosaic ring chromosome 4 Chen CP, Hsu CY, Tzen CY, Lee CC, Chen 
WL, Chen LF, Wang W.

Prenat Diagn. 2007 May;27(5):485-
7. doi: 10.1002/pd.1717.

2007

1 RC4-26 nb M de novo 46,XY,r(4)(4p16.3q35) 17696124 Two unique patients with novel microdeletions in 
4p16.3 that exclude the WHS critical regions: 
implications for critical region designation

South ST, Bleyl SB, Carey JC. Am J Med Genet A. 2007 Sep 
15;143A(18):2137-42. doi: 
10.1002/ajmg.a.31900.

2007

1 RC4-27 10 m M de novo 46,XY,r(4)(p16q35)[84]/45,XY,-4[9]/r-var[7] 19262083 [A case of mosaic ring chromosome 4 with 
subtelomeric 4p deletion]

Kim JH, Oh PS, Na HY, Kim SH, Cho HC. Korean J Lab Med. 2009 
Feb;29(1):77-81. doi: 
10.3343/kjlm.2009.29.1.77.

2009

1 RC4-28 1.5 y M de novo 46,XY,r(4)[83]/45,XY,-4[6]/r-var[11] 19921639 Characterization of double ring chromosome 4 
mosaicism associated with bilateral hip 
dislocation, cortical dysgenesis, and epilepsy

Soysal Y, Balci S, Hekimler K, Liehr T, 
Ewers E, Schoumans J, Bui TH, Içduygu 
FM, Kosyakova N, Imirzalioğlu N.

Am J Med Genet A. 2009 
Dec;149A(12):2782-7. doi: 
10.1002/ajmg.a.33069.

2009

1 RC4-29 22029176 Mosaic ring chromosome 4 in a child with mild 
dysmorphisms, congenital heart defects and 
developmental delay

Chen CP, Lin SP, Su YN, Chern SR, Tsai 
EJ, Wu PC, Lee CC, Wang W.

Genet Couns. 2011;22(3):321-6. 2011

1 RC4-30 pn F de novo denial top 46,XX,r(4) 24455347 Prenatal diagnosis of 4p and 4q subtelomeric 
microdeletion in de novo ring chromosome 4

Akbas H, Cine N, Erdemoglu M, Atay 
AE, Simsek S, Turkyilmaz A, Fidanboy 

Case Rep Obstet Gynecol. 
2013;2013:248050. doi: 

2013

1 RC4-31 23 y M de novo > 23 y 46,XY,r(4)(p16.3q35.2)[31]/45,XY,-4[3] 25057292 Meiotic prophase I defects in an oligospermic man 
with Wolf-Hirschhorn syndrome with ring 
chromosome 4

Yao Q, Wang L, Yao B, Gao H, Li W, Xia 
X, Shi Q, Cui Y.

Mol Cytogenet. 2014 Jul 1;7:45. 
doi: 10.1186/1755-8166-7-45. 
eCollection 2014.

2014

1 RC4-32 nb F de novo d.10 wks, 
cardiac 
failure

46,XX,r(4)(p15.3q35) 27610251 Ring Chromosome 4 in a Child with Multiple 
Congenital Abnormalities: A Case Report and 
Review of the Literature

Paththinige CS, Sirisena ND, 
Kariyawasam UG, Saman Kumara LP, 
Dissanayake VH.

Case Rep Genet. 
2016;2016:4645716. doi: 
10.1155/2016/4645716. Epub 2016 
Aug 16.

2016

1 RC4-33 2 y M de novo 46,XY,r(4)(p16.3q35.2)[42]/46,XY[11]/r-
var[6]

28127864 Continuing role for classical cytogenetics: Case 
report of a boy with ring syndrome caused by 
complete ring chromosome 4 and review of 
literature

Burgemeister AL, Daumiller E, Dietze-
Armana I, Klett C, Freiberg C, Stark W, 
Lingen M, Centonze I, Rettenberger G, 
Mehnert K, Zirn B.

Am J Med Genet A. 2017 
Mar;173(3):727-732. doi: 
10.1002/ajmg.a.38063. Epub 2017 
Jan 27.

2017

1 RC4-34 30428788 A Case of Thumb Polydactyly which Ulnar Thumb 
Has No Active Motion in Ring Chromosome 4

Kishi Y, Ikeda H. J Hand Surg Asian Pac Vol. 2018 
Dec;23(4):566-570. doi: 
10.1142/S2424835518720311.

2018

1 RC4-35 10 y F de novo 46,XX,r(4)(p16q35)[65]/45,XX,-
4[5]/46,XX,dic r(4)[5]/46,XX[16]

32293439 Clinical, cytogenetic, and molecular findings in a 
patient with ring chromosome 4: case report and 
literature review

Paz-Y-Miño C, Proaño A, Verdezoto SD, 
García JL, Hernández-Rivas JM, Leone 
PE.

BMC Med Genomics. 2019 Nov 
21;12(1):167. doi: 10.1186/s12920-
019-0614-4.

2019
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Graefes Arch Clin Exp Ophthalmol. 
1986;224(3):317-20. doi: 

1986

1 RC11-6 nb F 3487279 Ring chromosome 11. A case report and review of 
the literature

Palka G, Verrotti A, Peca S, Mosca L, 
Lombardo G, Verrotti M, Morgese G.

Ann Genet. 1986;29(1):55-8. 1986



1 RC11-7 4.5 y F mat > 29 y 46,XX,r(11)(p15q25) 3189413 Ring chromosome 11 and café-au-lait spots Fagan K, Suthers GK, Hardacre G. Am J Med Genet. 1988 
Aug;30(4):911-6. doi: 
10.1002/ajmg.1320300406.

1988

1 RC11-8 pn F de novo top AF: 46,XX,r(11)(p15q25)[14]/45,XX,-11[7] 11503165 Prenatal diagnosis of a de novo ring 
chromosome 11

Mohamed AN, Ebrahim SA, Aatre R, 
Qureshi F, Jacques SM, Evans MI. 

Am J Med Genet. 2001 Sep 
1;102(4):368-71. doi: 
10.1002/ajmg.1492. PMID: 
11503165.

2001

1 RC11-9 2.5 y M de novo 45,XY,r911)(p15.5q25)[90]/45,XY,-11[8]/r-
var[2]

20583153 Constitutional ring chromosome 11 mosaicism in a 
Wilms tumor patient: Cytogenetic, molecular and 
clinico-pathological studies Affiliations 

Am J Med Genet A. 2010 
Jul;152A(7):1756-63. doi: 
10.1002/ajmg.a.33420.

2010

1 RC11-10 case 1 nb M de novo 46,XY,r(11)(p15.5q25) 22975011 Molecular and clinical characterization of patients 
with a ring chromosome 11

Hansson KB, Gijsbers AC, Oostdijk W, 
Rehbock JJ, de Snoo F, Ruivenkamp CA, 

Eur J Med Genet. 2012 
Dec;55(12):708-14. doi: 

2012

1 RC11-10 case 2 3 y F de novo 46,XX,r(11)(p15.5q23.3) 22975011
1 RC11-10 case 3 6 y F mat > 37 y 46,XX,r(11)(p15.5q25) 22975011
1 RC11-11 5 y F 46,XX,r(11)(p15.5q25)[27]/45,XX,-11[3] 23234794 [Wilms' tumor and ring chromosome 11 in a child] Zhang H, Feng C, Tang SQ. Zhongguo Dang Dai Er Ke Za Zhi. 2012

1 RC11-12 5 y F > 20 y 46,XX,r(11)(p15q25) 26576288 Endocrine abnormalities in ring chromosome 11: a 
case report and review of the literature

Lange R, Von Linsingen C, Mata F, 
Moraes AB, Arruda M, Vieira Neto L.

Endocrinol Diabetes Metab Case 
Rep. 2015;2015:150085. doi: 
10.1530/EDM-15-0085. Epub 2015 
Oct 15.

2015

1 RC11-13 12 y F de novo 46,XX,r(11)(p15.3q24.1),der(21)t(11;21)(p15.
3;qter)[158]/45,XX,-11[16]/r-var[5]

26557157 De Novo ring chromosome 11 and non-reciprocal 
translocation of 11p15.3-pter to 21qter in a 
patient with congenital heart disease

Peng Y, Ma R, Zhou Y, Xia Y, Wen J, 
Zhang Y, Guo R, Li H, Pan Q, Zhang R, 
Tang C, Liang D, Wu L.

Mol Cytogenet. 2015 Nov 9;8:88. 
doi: 10.1186/s13039-015-0191-y. 
eCollection 2015.

2015

1 RC11-14 13 y M 45,XY,-11[18]/46,XY,r(11)[78]/46,XY,dic 
r(11)[4]

28232783 Complex Mosaic Ring Chromosome 11 Associated 
with Hemizygous Loss of 8.6 Mb of 11q24.2qter in 
Atypical Jacobsen Syndrome

Galvão Gomes A, Paiva Grangeiro CH, 
Silva LR, Oliveira-Gennaro FG, Pereira 
CS, Joaquim TM, Panepucci RA, Squire 
JA  M lli L

Mol Syndromol. 2017 Jan;8(1):45-
49. doi: 10.1159/000452681. Epub 
2016 Nov 17.

2017

17 14

1 RC12-1 1 y F nd 46,XX,r(12)(p13q24)[0.80]/45,XX,-12[0.8]/r-
var[0.12]

7395909 The syndrome of ring chromosome 12 Scribanu N, McCullars EB, Baumiller 
RC, Colon AR.

Am J Med Genet. 1980;5(2):165-70. 
doi: 10.1002/ajmg.1320050210.

1980

1 RC12-2 23 y M nd > 23y BL/SF: 46,XY,r(12)(p13.3q24.3) 3354616 Ring chromosome 12 Park JP, Graham JM Jr, Andrews PA, 
Wurster-Hill DH.

Am J Med Genet. 1988 
Feb;29(2):437-40. doi: 
10.1002/ajmg.1320290228.

1988

1 RC12-3 30 y F > 30 y 46,XX,r(12)(p13.3q24.3)[26]/46,XX[12] 8725781 Leiomyoma of uterus in a patient with ring 
chromosome 12: case presentation and literature 
review

Hajianpour MJ, Hajianpour AK, 
Habibian R, Wohlmuth C.

Am J Med Genet. 1996 May 
17;63(2):335-9. doi: 
10.1002/(SICI)1096-

1996

1 RC12-4 15 y F nd 46,XX,r(12)(p13q24.33)[0.98]/45,XX,-
12[0.02]

12599192 Ring chromosome 12 with variable phenotypic 
features: clinical report and review of the 

Parmar RC, Muranjan MN, Kotvaliwale 
S, Sharma S, Bharucha BA.

Am J Med Genet A. 2003 Mar 
15;117A(3):275-7. doi: 

2003

1 RC12-5 7 y M de novo 46,XY,r(12)(p13.3q24.33)[73]/46,XY,-12[8]/r-
var[2]

15930904 Association of microcephaly and cafe-au-lait spots 
in a patient with ring chromosome 12 syndrome

Zen PR, Pinto LL, Graziadio C, Pereira 
VB, Paskulin GA.

Clin Dysmorphol. 2005 Jul;14(3):141-
3. doi: 10.1097/00019605-
200507000-00007.

2005

1 RC12-6 27 y M > 27 y 46,XY,r(12)(p13q24.3)[0.85]/46,XY 17880954 Ring chromosome 12 and severe oligospermia: a 
case report

Martin JR, Wold A, Taylor HS. Fertil Steril. 2008 
Aug;90(2):443.e13-5. doi: 

2008

1 RC12-7 20 y M de novo > 20 y 46,XY,r912) 20933620 Ring chromosome 12 with inverted 
microduplication of 12p13.3 involving the Von 
Willebrand Factor gene associated with 
cryptogenic stroke in a young adult male

Nik-Zainal S, Cotter PE, Willatt LR, 
Abbott K, O'Brien EW.

Eur J Med Genet. 2011 Jan-
Feb;54(1):97-101. doi: 
10.1016/j.ejmg.2010.09.014. Epub 
2010 Oct 8.

2011

7 7

1 RC13-1 3 y F mat nl, pat 
nd

46,XX,r(13) 5096545 Ring 13 chromosome with normal haptoglobin 
inheritance

Hollowell JG, Littlefield LG, 
Dharmkrong-AT A, Folger GM, Heath 

J Med Genet. 1971 Jun;8(2):222-6. 
doi: 10.1136/jmg.8.2.222.

1971

1 RC13-2 case 1 nb M 46,XY,r(13) 4691554 Ring chromosome 13 and haptoglobin 
heterozygosity

Fitzgerald PH. Clin Genet. 1973;4(1):25-7. doi: 
10.1111/j.1399-
0004.1973.tb01117.x.

1973

1 RC13-2 case 2 1 y F 46,XX,r(13) 4691554
1 RC13-3 4476859 Ring 13 chromosome in an infant with congenital 

malformations (author's transl)
Kuroki Y, Toyota J. Jinrui Idengaku Zasshi. 1974 

Jun;19(1):77-8.
1974

1 RC13-4 1.2 y M PB/SF: 46,XY,r(13)[0.85/0.82] 4140830 The behavior of ring chromosome 13 Hoo JJ, Obermann U, Cramer H. Humangenetik. 1974;24(3):161-71. 
doi: 10.1007/BF00283581.

1974

1 RC13-5 1 y M de novo PL/SF: 46,XY,r(13) 4140834 Malformative syndrome with ring chromosome 13 Fryns JP, Deoover J, Van den Berghe H. Humangenetik. 1974;24(3):235-40. 
doi: 10.1007/BF00283592.

1974

1 RC13-6 1140815 Ring chromosome 13 in a polymalformed 
anencephalic

Schmid W, Mühlethaler JP, Briner J, 
Knechtli H.

Humangenetik. 1975;27(1):63-6. 
doi: 10.1007/BF00283507.

1975

1 RC13-7 1.5 y F 46,XX,r(13)[0.92] 1139790 Ring chromosome 13 syndrome Fried K, Rosenblatt M, Mundel G, 
Krikler R.

Clin Genet. 1975 Mar;7(3):203-8. 
doi: 10.1111/j.1399-
0004.1975.tb00320.x.

1975



1 RC13-8 nb F de novo > 21 y 46,XX,r(13) 939570 Parental origin of a ring 13 chromosome in a 
female with multiple anomalies

Magenis RE, Wyandt HE, Overton KM, 
Macfarlane J.

Hum Genet. 1976 Jul 27;33(2):181-
6. doi: 10.1007/BF00281894.

1976

1 RC13-9 890095 Ring 13 chromosome associated with 
microcephaly, congenital heart defect, 
intrauterine growth retardation, and abnormal 

Lowry RB, Dill FJ. Birth Defects Orig Artic Ser. 
1977;13(3B):216-22.

1977

1 RC13-10 666131 [Ring chromosome 13 with. 13p. preserved. A 
case report and review of literature (author's 
transl]

Benítez J, Ramos MC, Escorihuela R, 
Hernández Merino H.

An Esp Pediatr. 1978 Mar;11(3):253-
62.

1978

1 RC13-11 2.5 y F de novo 46,XX,r(13)(p11q34) 717293 Ring chromosome 13 in a child with minor 
dysmorphic features. Irregular phenotypic 
expression of ring 13 syndrome

Verma RS, Dosik H, Chowdhry IH, 
Jhaveri RC.

Am J Dis Child. 1978 
Oct;132(10):1018-21. doi: 
10.1001/archpedi.1978.021203500
82018.

1978

1 RC13-12 10 y F 46,XX,r(13)(p11q34) 317785 Some clinical and cytogenetic observations on a 
ring chromosome 13 (p11 q34)

Hernandez A, Garcia-Cruz D, Plascencia 
L, Nazara Z, Rivera H, Sanchez-Corona 

Ann Genet. 1979;22(4):221-4. 1979

1 RC13-13 317788 [Ring chromosome 13 (author's transl)] Hevia A, Bullon M, Novales A, 
Fernandez-Novoa C, San Martin V, 

Ann Genet. 1979;22(4):232-3. 1979

1 RC13-14 20 y M mat nl, pat 
nd

46,XY,r(13) 7440241 Prophase analysis of ring chromosome 13--an 
attempt at phenotype-karyotype correlation

Lagergren M, Börjeson M, Mitelman F. Hereditas. 1980;93(2):231-3. doi: 
10.1111/j.1601-
5223.1980.tb01363.x.

1980

1 RC13-15 case 1 5 y F > 32 y 46,XX,r(13) 7211840 Study of two cases of ring 13 chromosome using 
high-resolution banding

Jones IM, Palmer CG, Weaver DD, 
Hodes ME.

Am J Hum Genet. 1981 
Mar;33(2):252-61.

1981

1 RC13-15 case 2 5 y F > 18 y 46,XX,r(13)

2 RC13-16 6974524 Two cases of ring chromosome 13. Chromosome 
banding patterns and mosaic configuration

Steinbach P, Drews K, Horstmann W, 
Barbi G, Scholz W.

Ann Genet. 1981;24(3):152-7. 1981

RC13-17 7279505 [Children with ring chromosome 13] Bliumina MG, Demintseva VS. Pediatriia. 1981 May;(5):51-2. 1981
1 RC13-18 7242723 [A patient with ring chromosome 13] Hammond A, Bijlsma JB. Ned Tijdschr Geneeskd. 1981 May 1981
1 RC13-19 nb M 46,XY,r(13)(p12q22) 7332149 [Ring chromosome 13 and multiple malformations 

(author's transl)]
Antich J, Plaza J, Geán E. An Esp Pediatr. 1981 Nov;15(5):469-

73.
1981

1 RC13-20 case 1 nb F 46,XX,r(13)[0.88] 7129419 The ring chromosome 13 syndrome Martin NJ, Harvey PJ, Pearn JH. Hum Genet. 1982;61(1):18-23. doi: 1982
1 RC13-20 case 2 nb F 46,XX,r(13)[0.88] 7129419
1 RC13-20 case 3 3.5 y F 46,XX,r(13)[0.89] 7129419
1 RC13-21 6604485 Ring 13 in an adult male with a 13:13 

translocation mother
de Almeida JC, Llerena JC Jr, Gomes 
DM, Martins RR, Pereira ET.

Ann Genet. 1983;26(2):112-5. 1983

1 RC13-22 pn M de novo top 46,XY,r(13)(p11q13) 6657600 A fetus with a chromosome 13 ring and placenta 
with chromosome 13 rod/ring mosaicism

Benn A, Warburton D, Byrne JM, 
Rudelli R, Shonhaut A, Yeboa K, 

Prenat Diagn. 1983 Oct;3(4):297-
302. doi: 10.1002/pd.1970030406.

1983

1 RC13-23 2.5 y M de novo 46,XY,r(13)(p12q31) 4076259 Clinical features in a case with ring chromosome 
13

Parcheta B, Wisniewski L, Piontek E, 
Szymanska J, Skawinski W, Wermenski 
K.

Eur J Pediatr. 1985 Nov;144(4):409-
12. doi: 10.1007/BF00441791.

1985

1 RC13-24 3 m F 46,XX,r(13)[0.94] 3806666 Tissue-specific mosaicism for the stability of a ring 
13 chromosome

McCorquodale MM, Kolacki P, 
Kurczynski TW, Baugh E.

J Ment Defic Res. 1986 Dec;30 ( Pt 
4):389-99. doi: 10.1111/j.1365-
2788.1986.tb01334.x.

1986

1 RC13-25 3504037 [Retinoblastoma: first case with a ring 
chromosome 13 in black Africa]

Diallo JS, Afoutou JM, Balo K. Rev Int Trach Pathol Ocul Trop 
Subtrop Sante Publique. 
1987;(64):183-6.

1987

1 RC13-26 3613828 [Ring chromosome 13 (case report)] Zergollern L, Barisić I. Lijec Vjesn. 1987 Apr-May;109(4-
5):146-9.

1987

1 RC13-27 2221637 [Ring chromosome 13 (type I) 45,XY,-13/46, 
XY,r(13)(p11:q34)]

Díaz-Cardama Sousa I, Mora 
Gandarillas I, Vázquez Rodríguez M, 
Viso Lorenzo A, Alonso Villa MJ, 
Fernández Toral J.

An Esp Pediatr. 1990 Jun;32(6):556-
8.

1990

1 RC13-28 2077349 Evidence for involvement of a Robertsonian 
translocation 13 chromosome in formation of a 
ring chromosome 13

Stetten G, Tuck-Muller CM, Blakemore 
KJ, Wong C, Kazazian HH Jr, 
Antonarakis SE.

Mol Biol Med. 1990 Dec;7(6):479-
84.

1990

1 RC13-29 pn, 29 gwk M stillbirth 46,XY,r(13)(p11q21.1) 1433229 Ring chromosome 13: lack of distinct syndromes 
based on different breakpoints on 13q

Brandt CA, Hertz JM, Petersen MB, 
Vogel F, Noer H, Mikkelsen M.

J Med Genet. 1992 Oct;29(10):704-
8. doi: 10.1136/jmg.29.10.704.

1992

1 RC13-30 5 y M 46,XY[0.35]/46,XY,r(13)[0.61]/46.XY,dic 
r(13)[0.04]

1363214 Mosaic ring chromosome 13 analyzed by 
fluorescence in situ hybridization: report of a case

Hou JW, Liu CH, Wang TR, Zhu HM, 
Jiang S, Sciorra LJ, Lee ML.

J Formos Med Assoc. 1992 
Nov;91(11):1108-11.

1992

1 RC13-31 pn, 20 
gwks

M de novo stillbirth 46,XY,r(13)[5]/45,XY,-13[15] 8260080 Ultrasonographic prenatal diagnosis of the 13q-
syndrome

Santolaya J, McCorquodale MM, 
Torres W, Meyer WJ, Gauthier D, 
Lemery D.

Fetal Diagn Ther. 1993 Jul-
Aug;8(4):261-7. doi: 
10.1159/000263837.

1993

1 RC13-32 8086666 Use of chromosome painting for marker 
chromosome identification in two children 
with congenital disorders

Doco-Fenzy M, Navrocki B, Cornillet 
P, Sabouraud P, Robillard P, Gruson 
N, Gaillard D, Adnet JJ

Bull Assoc Anat (Nancy). 1994 
Jun;78(241):9-13. PMID: 
8086666.

1994



1 RC13-33 nb M d. 3 y heart 
failure

46,XY,r(13)(p11q32) 9332662 Ring chromosome 13 with loss of the region 
D13S317-D13S285: phenotypic overlap with XK 
syndrome

Guala A, Dellavecchia C, Mannarino S, 
Rognone F, Giglio S, Minelli A, 
Danesino C.

Am J Med Genet. 1997 Oct 
31;72(3):319-23.

1997

1 RC13-34 9664214 Skin pigmentation anomalies in ring chromosome 
13

Fryns JP, Devriendt K, Legius E. Genet Couns. 1998;9(2):155-6. 1998

1 RC13-35 3 m M de novo 46,XY,r(13)(p11q32)/45,XY,-13 9823499 Ring chromosome 13 in an infant with multiple 
congenital anomalies and penoscrotal 
transposition

Boduroglu K, Alikaşifoglu M, Tunçbilek 
E, Uludogan S.

Clin Dysmorphol. 1998 Oct;7(4):299-
301. doi: 10.1097/00019605-
199810000-00012.

1998

1 RC13-36 nb F 46,XX,r(13) 9881566 Retinal detachment in an infant with the ring 
chromosome 13 syndrome

Filous A, Rasková D, Kodet R. Acta Ophthalmol Scand. 1998 
Dec;76(6):739-41. doi: 
10.1034/j.1600-
0420.1998.760624.x.

1998

1 RC13-37 1.5 y F de novo 46,XX,r(13)(p11q14)/46,XX,der(13) 9950374 Molecular and cytogenetic characterisation of an 
unusual case of partial trisomy/partial monosomy 
13 mosaicism: 
46,XX,r(13)(p11q14)/46,XX,der(13)t(13;13)(q10;q1

Gentile M, Buonadonna AL, Cariola F, 
Fiorente P, Valenzano MC, Guanti G.

J Med Genet. 1999 Jan;36(1):77-82. 1999

1 RC13-38 2.5 y M 46.XY,r(13) 10951464 Boy with celiac disease, malformations, and ring 
chromosome 13 with deletion 13q32-->qter

Talvik I, Ounap K, Bartsch O, Ilus T, 
Uibo O, Talvik T.

Am J Med Genet. 2000 Aug 
28;93(5):399-402.

2000

1 RC13-39 8 y F >  19y 46,XX,r(13) 11032444 Keratoconus associated with chromosome 13 ring 
abnormality

Heaven CJ, Lalloo F, Mchale E. Br J Ophthalmol. 2000 
Sep;84(9):1079. doi: 
10.1136/bjo.84.9.1075d.

2000

1 RC13-40 11412482 [Ring 13 chromosome] Moreno García M. An Esp Pediatr. 2001 Jul;55(1):95. 2001

1 RC13-41 pn F de novo top 46,XX,r(13)(p11q32)[0.77]/45,XX,-13[0.23] 11241535 Prenatal diagnosis of mosaic ring chromosome 13 
with anencephaly

Chen CP, Chern SR, Lee CC, Chen WL, 
Wang W.

Prenat Diagn. 2001 Feb;21(2):102-
5. doi: 10.1002/1097-

2001

1 RC13-42 nb M 47,XY,+r(13) 11170089 Boy with bilateral retinoblastoma due to an 
unusual ring chromosome 13 with activation of a 
latent centromere

Morrissette JD, Celle L, Owens NL, 
Shields CL, Zackai EH, Spinner NB.

Am J Med Genet. 2001 Feb 
15;99(1):21-8. doi: 10.1002/1096-
8628(20010215)99:1<21::aid-

2001

1 RC13-43 11273829 [Ring chromosome 13 and congenital coagulation 
factor deficiency]

Ruiz Del Prado M, Alfonso Landa J, 
Cristóbal Navas C, Blázquez Regidor J, 

An Esp Pediatr. 2001 Apr;54(4):411-
2.

2001

1 RC13-44 nb M 46,XY,r(13)(p11;q34) 11590457 Ring chromosome 13 in an Omani infant boy with 
mental retardation and multiple congenital 
anomalies

Venugopalan P, Kenue RK. Saudi Med J. 2001 Sep;22(9):800-3. 2001

1 RC13-45 15300643 [Chromosome analysis and phenotype location 
analysis on a patient with the karyotype of 45, XX, -
13/46, XX, r(13)/46, XX, r(13;13)/47, XX, 
2r(13)(p13q32.3)]

Liang DS, Wu LQ, Long ZG, Pan Q, Dai 
HP, Xia JH.

Zhonghua Yi Xue Yi Chuan Xue Za 
Zhi. 2004 Aug;21(4):392-4.

2004

1 RC13-46 4.5 y F mat > 21 y mat 46,XX,r(13)(p13q34) 15326636 Transmission of ring chromosome 13 from a 
mother to daughter with both having a 46,XX, 
r(13)(p13q34) karyotype

Bedoyan JK, Flore LA, Alkatib A, 
Ebrahim SA, Bawle EV.

Am J Med Genet A. 2004 Sep 
1;129A(3):316-20. doi: 
10.1002/ajmg.a.30242.

2004

1 RC13-47 4 m M de novo 46,XY,r(13)(p11q34) 16585823 Ring chromosome 13 in an infant with ambiguous 
genitalia

Sankar VH, Phadke SR. Indian Pediatr. 2006 Mar;43(3):258-
60.

2006

1 RC13-48 nb M de novo 46,XY,r(13)(p11.1q33) 18233171 Chromosome deletions in 13q33-34: report of 
four patients and review of the literature

Walczak-Sztulpa J, Wisniewska M, 
Latos-Bielenska A, Linné M, Kelbova 
C, Belitz B, Pfeiffer L, Kalscheuer V, 
Erdogan F, Kuss AW, Ropers HH, 

Am J Med Genet A. 2008 Feb 
1;146A(3):337-42. doi: 
10.1002/ajmg.a.32127. PMID: 
18203171.

2008

1 RC13-49 10 m M de novo 46,XYY,r(13)(p11q34) 21396087 Ring chromosome 13 syndrome characterized by 
high resolution array based comparative genomic 
hybridization in patient with 47, XYY syndrome: a 
case report

Liao C, Fu F, Zhang L. J Med Case Rep. 2011 Mar 11;5:99. 
doi: 10.1186/1752-1947-5-99.

2011

1 RC13-50 23431756 A case of ring chromosome 13 with ambiguous 
genitalia and primary hypothyroidism

Sandal G, Caliskan D, Ormeci AR, Oztas 
S.

Genet Couns. 2012;23(4):529-32. 2012

1 RC13-51 nb M de novo d. 2m 46,XY,r(13)(p11.2q34)[51]/45,XY,-
13[12]/46,Xy,dic r(13)[1]

24052730 Ring autosomes: some unexpected findings Caba L, Rusu C, Plăiaşu 5th, Gug G, 
Grămescu M, Bujoran C, Ochiană D, 
Voloşciuc M, Popescu R, Braha E, 

Balkan J Med Genet. 2012 
Dec;15(2):35-46. doi: 10.2478/bjmg-
2013-0005.

2012

1 RC13-52 24032285 Anal atresia, abnormal genitalia, and absent 
thumb: congenital malformations associated with 
mosaic ring chromosome 13

Ocak Z, Ozlu T, Vural M. Genet Couns. 2013;24(2):157-60. 2013

1 RC13-53 case 1 15 y M 46,XY,r(13)[40]/45,XY,-13[10] 24032290 Clinical, cytogenetic and molecular 
characterization of two cases of mosaic ring 

Uwineza A, Pierquin G, Gaillez S, Jamar 
M, Hellin AC, Caberg JH, Bours V.

Genet Couns. 2013;24(2):193-200. 2013

1 RC13-53 case 2 pn M top 46.XY,r(13)(q32q34)[18]/46,XY,dic r(13)[2] 24032290

1 RC13-54 6 y F 46,XX,r(13)(p13q34)[71]/45,XX,-13[12]/r-
var[17]

23661454 Smallest critical region for microcephaly in a 
patient with mosaic ring chromosome 13

Su PH, Chen CP, Su YN, Chen SJ, Lin LL, 
Chen JY.

Genet Mol Res. 2013 Apr 
25;12(2):1311-7. doi: 
10.4238/2013.April.25.2.

2013



1 RC13-55 pn M de novo top 46,XY,r(13)[33]/45,XY,-13[19] 23933417 Prenatal diagnosis and molecular cytogenetic 
characterization of mosaic ring chromosome 13

Chen CP, Tsai CH, Chern SR, Wu PS, Su 
JW, Lee CC, Chen YT, Chen WL, Chen 
LF, Wang W.

Gene. 2013 Oct 15;529(1):163-8. 
doi: 10.1016/j.gene.2013.07.050. 
Epub 2013 Aug 8.

2013

1 RC13-56 case 1 3 y M de novo 46,XY,r(13)(p11q34) 27625853 Molecular cytogenetic and phenotypic 
characterization of ring chromosome 13 in three 
unrelated patients

Abdallah-Bouhjar IB, Mougou-Zerelli S, 
Hannachi H, Gmidène A, Labalme A, 
Soyah N, Sanlaville D, Saad A, Elghezal 
H.

J Pediatr Genet. 2013 Sep;2(3):147-
55. doi: 10.3233/PGE-13063.

2013

1 RC13-56 case 2 4 y F de novo 46,XX,r(13)(p11q34) 27625853
1 RC13-56 case 3 3 y M de novo 46,XY,r(13)(p11q34) 27625853
1 RC13-57 11 m M 46,XY,r(13)(p11q34)[0.83]/45,XY,-13[0.17] 24932608 Ring chromosome 13 and ambiguous genitalia Ozsu E, Yeşiltepe Mutlu G, Ipekçi B. J Clin Res Pediatr Endocrinol. 

2014;6(2):122-4. doi: 
10.4274/Jcrpe.1194.
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203 children with non-syndromic autism and 
review of the cytogenetic literature
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Hansakunachai T, Roongpraiwan R, 
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10.24875/BMHIM.18000108.

2019
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13. doi: 10.1136/jmg.18.3.209.

1981
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1 RC14-50 case 1 8 m F 46,XX,r(14)(p11q32.33) 23159383 Epilepsy in ring 14 chromosome syndrome Specchio N, Trivisano M, Serino D, 
Cappelletti S, Carotenuto A, Claps D, 
Marras CE, Fusco L, Elia M, Vigevano F.

Epilepsy Behav. 2012 Dec;25(4):585-
92. doi: 
10.1016/j.yebeh.2012.09.032. Epub 

2012

1 RC14-50 case 2 9 m M 46,XY,r(14)(p11q32)[28]/45,XY,-14[4] 23159383
0 RC14-51 22564756 The ring 14 syndrome Zollino M, Ponzi E, Gobbi G, Neri G. Eur J Med Genet. 2012 

May;55(5):374-80. doi: 
10.1016/j.ejmg.2012.03.009. Epub 
2012 Apr 14.

2012



0 RC14-52 nb M Not a r(14) case 22488736 A child with an inherited 0.31 Mb microdeletion of 
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Litzman J, Brysová V, Gaillyová R, Thon 
V, Pijácková A, Michalová K, Zemanová 

J Paediatr Child Health. 1998 
Feb;34(1):92-4. doi: 10.1046/j.1440-

1998

1 RC18-49 4.25 y M de novo 46,XY,r(18) 10051018 Insulin dependent diabetes mellitus (IDDM) and 
autoimmune thyroiditis in a boy with a ring 
chromosome 18: additional evidence of 
autoimmunity or IDDM gene(s) on chromosome 
18

Dacou-Voutetakis C, Sertedaki A, 
Maniatis-Christidis M, Sarri C, 
Karadima G, Petersen MB, Xaidara A, 
Kanariou M, Nicolaidou P.

J Med Genet. 1999 Feb;36(2):156-8. 1999

1 RC18-50 adult F > 25 y 46,XX,r(18)(p11.3q23)[32]/45,XX,-18[4] 11754054 First familial case of ring chromosome 18 and 
monosomy 18 mosaicism

Yardin C, Esclaire F, Terro F, Baclet MC, 
Barthe D, Laroche C.

Am J Med Genet. 2001 Dec 
1;104(3):257-9.
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1 RC18-51 case 1 5 m F 46,XX,r(18) 11424138 Clinical and molecular-cytogenetic studies in 
seven patients with ring chromosome 18

Stankiewicz P, Brozek I, Hélias-
Rodzewicz Z, Wierzba J, Pilch J, Bocian 
E, Balcerska A, Wozniak A, Kardaś I, 
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1;101(3):226-39. doi: 10.1002/1096-
8628(20010701)101:3<226::aid-
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1 RC18-51 case 2 3 m F 46,XX,r(18)(p11.32q21.3) 11424138



1 RC18-51 case 3 10 y M 46,XY,r(18)(p11.32q21.3) 11424138
1 RC18-51 case 4 2 y M 46,XY,r(18)(p11.1q22.3) 11424138
1 RC18-51 case 5 3 m F 46,XX,r(18)(p11.1q22.3) 11424138
0 RC18-51 case 6 nb F 46,XX,add(18)(p11.2)[11]/47,XX,add(18),+r[5

]
11424138

0 RC18-51 case 7 10 y F 46,XX,add(18)(p11.32)[60]/47,XX,add(18),+r[ 11424138
1 RC18-52 pn, 20 

gwks
top, 23 gwks AF: 46,XY,r(18)(p11q23)[103]/45,XY,-18[13]                   

UCB: 46,XX,r(18)[57]/45,XY,-18[12]                                      
CVS: 46,XY

11438954 Complete karyotype discrepancy between 
placental and fetal cells in a case of ring 
chromosome 18

Fischer W, Dermitzel A, Osmers R, 
Pruggmayer M.

Prenat Diagn. 2001 Jun;21(6):481-3. 
doi: 10.1002/pd.99.

2001

1 RC18-53 nb F 46,XX,r(18)(p11.3q23)[88]/47,XX,r(18)(p11.3
q23),+r(18)(p11.22q12.2)[112]

12400074 Meiotic origin of two ring chromosomes 18 in a 
girl with developmental delay

Baumer A, Giovannucci Uzielli ML, 
Guarducci S, Lapi E, Röthlisberger B, 

Am J Med Genet. 2002 Nov 
15;113(1):101-4. doi: 
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1 RC18-54 nb F de novo 47,XX,r(18),+mar[80]/46,XX,mar[10]/46,XX,r( 12574939 Chromosome 18 replaced by two ring 
chromosomes of chromosome 18 origin

Miller K, Pabst B, Ritter H, Nürnberg P, 
Siebert R, Schmidtke J, Arslan-Kirchner 
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1 RC18-55 1 y F 46,XX,r(16) 17160222 [Growth hormone deficiency, hypothyroidism and 
ring chromosome 18: case report]

Thomas JV, Mezzasalma DF, Teixeira 
AM, Campos LN, Luescher JL, Beserra 

Arq Bras Endocrinol Metabol. 2006 
Oct;50(5):951-6. doi: 
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1 RC18-56 F 46,XX,r(18) 16850691 Thai girl with ring chromosome 18 (46XX, r18) Sripanidkulchai R, Suphakunpinyo C, 
Jetsrisuparb C, Luengwattanawanich S.

J Med Assoc Thai. 2006 
Jun;89(6):878-81.
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1 RC18-57 case A pn, 14 
gwks

M top, 15 gwks 46,XY,r(18)[36]/45,XY,-18[7] 17595336 Three unusual but cytogenetically similar cases 
with up to five different cell lines involving 
structural and numerical abnormalities of 
chromosome 18

Carreira IM, Mascarenhas A, Matoso E, 
Couceiro AB, Ramos L, Dufke A, 
Mazauric M, Stressig R, Kosyakova N, 
Melo JB, Liehr T.

J Histochem Cytochem. 2007 
Nov;55(11):1123-8. doi: 
10.1369/jhc.7A7244.2007. Epub 
2007 Jun 26.
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1 RC18-57 case B pn M top, 34 gwks 46,XY,t(18)[0.90]/45,XY,-18[0.10] 17595336
1 RC18-57 MZ twin 

C1/C2
6 m F 46,XX,r(18)(p11.32q22.3) 17595336

1 RC18-58 1.6 y M 46,XY,r(18) 18935916 Clinical course of a 20-month-old child diagnosed 
prenatally with mosaic ring chromosome 18 and 
monosomy 18

Mello AL, Crotwell PL, Flanagan JD, 
Woltanski AR, Keppen LD, Van Eerden 
P, Boyle JG, Stein Q.

S D Med. 2008 Sep;61(9):327-9, 
331.
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1 RC18-59 6.5 y F de novo 46,XX,r(18)(p11.3q23)[0.86]/45,XX,-
18[0.07]/46,XX,dic r(18)[0.07]

17668239 An unexpected finding in a child with neurological 
problems: mosaic ring chromosome 18

Koç A, Kan D, Karaer K, Ergün MA, 
Karaoğuz MY, Gücüyener K, Hinreiner 
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1 RC18-60 pn, 16 
gwks

M cp AF: 46,XY,r(18)[27]/45,XY,-18[5]/46,XY[5] 21056319 Mosaic ring chromosome 18, ring chromosome 18 
duplication/deletion and disomy 18: perinatal 
findings and molecular cytogenetic 
characterization by fluorescence in situ 
hybridization and array comparative genomic 

Chen CP, Kuo YT, Lin SP, Su YN, Chen 
YJ, Hsueh RY, Lin YH, Wu PC, Lee CC, 
Chen YT, Wang W.
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1 RC18-61 9 m F > 25 y 46,XX,r(18)(p11.2q23)[98]/46.XX,dic r(18)[2] 19860520 A case of ring chromosome 18 syndrome treated 
with a combined orthodontic-prosthodontic 
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Motohashi N, Moriyama K.

Cleft Palate Craniofac J. 2010 
Mar;47(2):201-10. doi: 10.1597/08-

2010

1 RC18-62 22 y F > 22 y 46,XX,r(18)(p11.3q23)[14]/46,XX[36] 22090726 Prenatal diagnosis in a mentally retarded woman 
with mosaic ring chromosome 18
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Shafeghati Y.

Indian J Hum Genet. 2011 
May;17(2):111-3. doi: 
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1 RC18-63 9 y F de novo 46,XX,r(18)(p11.3q23)[92]/45,XX,-
18[7]/46,XX[1]

21333764 De novo mosaic ring chromosome 18 in a child 
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immunological problems

Lo-Castro A, El-Malhany N, Galasso C, 
Verrotti A, Nardone AM, Postorivo D, 
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10.1016/j.ejmg.2011.02.004. Epub 
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1 RC18-64 3.5 y F > 20 y 46,XX,r(18)(p11.3q23) 22145491 Autoimmune polyendocrinopathy associated with 
ring chromosome 18

Jain N, Reitnauer PJ, Rao KW, 
Aylsworth AS, Calikoglu AS.

J Pediatr Endocrinol Metab. 
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1 RC18-65 9 y M 46,XY,r(18)[0.35]/46,XY[0.65] 21848009 Ring chromosome 18 in a child with febrile Celep F, Sonmez FM, Kul S, Ucar F, Genet Couns. 2011;22(2):165-71. 2011
0 RC18-66 21484996 Familial ring (18) mosaicism in a 23-year-old young 

adult with 46,XY,r(18) (::p11→q21::)/46,XY 
karyotype, intellectual disability, motor 
retardation and single maxillary incisor and in his 
phenotypically normal mother, karyotype 
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1 RC18-67 4 m M 46,XY,r(18)(p11.2q23) 22947348 Hypothyroidism and levothyroxine-responsive 
liver dysfunction in a patient with ring 
chromosome 18 syndrome
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1 RC18-68 nb F 46,XX,r(18)[5]/46,XX[105]  CMA[0.26] 22887345 Tissue-limited ring chromosome 18 mosaicism as 
a cause of Pitt-Hopkins syndrome

Takenouchi T, Yagihashi T, Tsuchiya H, 
Torii C, Hayashi K, Kosaki R, Saitoh S, 
Takahashi T, Kosaki K.
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1 RC18-70 6 y M d. 6 y 46,XY,r(18)(p11.2q21.33) 21669507 Abnormal brain MRI signal in 18q-syndrome not 
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Nakayama J, Ohto T, Takahashi M, 
Numano T, Homma K, Hamano K, 
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1 RC18-71 13.5 y F de novo 46,XX,r(18)(p11.32q23)[43]/47,XX,r(18),+ma
r[7]

24052730 Ring autosomes: some unexpected findings Caba L, Rusu C, Plăiaşu 5th, Gug G, 
Grămescu M, Bujoran C, Ochiană D, 
Voloşciuc M, Popescu R, Braha E, 
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1 RC18-72 2 y F de novo 46,XX,r(18)(p11.32q21.3) 24052730 Ring autosomes: some unexpected findings
1 RC18-73 2 m M de novo 46,XY,r(18)(p11.3q23) 24052730 Ring autosomes: some unexpected findings
1 RC18-74 pt 1 10 y M 46,XY,r(18) 23876976 Single-nucleotide polymorphism array-based 

characterization of ring chromosome 18
Spreiz A, Guilherme RS, Castellan C, 
Green A, Rittinger O, Wellek B, 
Utermann B, Erdel M, Fauth C, 
Haberlandt E, Kim CA, Kulikowski LD, 
Meloni VA, Utermann G, Zschocke J, 
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1 RC18-74 pt 2 22 y F > 22 y 46,XX,r(18) 23876976
1 RC18-74 pt 3 8 y F 46,XX,r(18) 23876976
1 RC18-74 pt 4 14 F 46,XX,r(18) 23876976
1 RC18-74 pt 5 1.5 y F 46,XX,r(18) 23876976
1 RC18-74 pt 6 39 y F > 39 y 46,XX,r(18) 23876976
1 RC18-74 pt 7 11 y M 46,XY,r(18) 23876976
1 RC18-74 pt 8 7 y F 46,XX,r(18) 23876976
1 RC18-74 pt 9 13.5 y F 46,XX,r(18) 23876976
1 RC18-75 2.5 y M de novo 46,XY,r(18)(p11.32q21.32) 25635256 Ring chromosome 18: a case report Heydari S, Hassanzadeh F, 
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1 RC18-76 14 y M 46,XY,r(18)(p11q23) 24909220 A case of ophiasis type of alopecia areata in a 
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Kagimoto Y, Mizuashi M, Kikuchi K, 
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investigated by SNP-array analysis
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Mihci E, Yegin O.

J Investig Allergol Clin Immunol. 
2014;24(6):442-4.

2014
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2014

1 RC18-80 case 1 pn, 18 
gwks

F top 46,XX,r(18)[27]/45,XX,-18[5] 26224010 Molecular characterization of ring chromosome 
18 by low-coverage next generation sequencing

Ji X, Liang D, Sun R, Liu C, Ma D, Wang 
Y, Hu P, Xu Z.
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1 RC18-80 case 2 8 m F de novo 46,XX,r(18) 26224010
0 RC18-81 26468787 Sphincterplasty for Velopharyngeal Insufficiency 

in the Child Without a Cleft-Palate: Etiologies and 
Speech Outcomes

Golinko MS, Mason K, Nett K, Riski JE, 
Williams JK.
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10.1097/SCS.0000000000001967.
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0 RC18-82 25339348 Ring 18 molecular assessment and clinical 
consequences
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1 RC18-83 nb F 46,XX,r(18)(p11q22) 27577543 Patchy white matter hyperintensity in ring 
chromosome 18 syndrome

Anzai M, Arai-Ichinoi N, Takezawa Y, 
Endo W, Inui T, Sato R, Kikuchi A, 
Uematsu M, Kure S, Haginoya K.
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1 RC18-84 2 y F de novo 46,XX,r(18) 27448395 Breakpoints and deleted genes identification of 
ring chromosome 18 in a Chinese girl by whole-
genome low-coverage sequencing: a case report 
study

Yao H, Yang C, Huang X, Yang L, Zhao 
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Z, Yang Y.
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1 RC18-85 nb M 46,XY,r(18) 26893613 Ring chromosome 18 in combination with 18q12.1 
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1 RC18-86 case 2 9 y M 46,XY,r(18) 26947896 Humoral deficiency in thre peadiatric patients 
with genetic diseases
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1 RC18-87 nb F > 32 y 46,XX,r(18)[14]/46,XX[4]/r-var[2] 29560252 Rheumatoid arthritis in an adult patient with 
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Chau A, Ramesh KH, Jagannath AD, 
Arora S.

F1000Res. 2017 Nov 2;6:1940. doi: 
10.12688/f1000research.11539.2. 
eCollection 2017.
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1 RC18-88 M 46,XY,r(18)[52]/45,XY-18[3] 31598948 [Molecular cytogenetic diagnosis of a case with 
ring chromosome 18 syndrome]
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Liu X, Gai Z, Liu Y.
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1 RC18-89 3 y F de novo 46,XX,r(18)(p11.32q22.2)[0.93]/45,XX,-
18[0.07]
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old girl with ring chromosome 18
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1 RC18-90 7 y F de novo 46,XX,r(18)[30]/46,XX,psu idic(18)(p11.2[25] 32972420 Mosaic chromosome 18 anomaly delineated in a 
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cytogenetic techniques approach: a case report
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D, Sheth J, Sheth F.
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1 RC18-91 nb F de novo 46,XX,r(18)(p11.31q21.31) 33224015 A Case of Ring Chromosome 18 with Single 
Umbilical Artery Detected During Prenatal Period
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1 RC18-92 4 y M 46,XY,r(18) 32209754 Blaschkoid hypermelanosis in a patient with ring 
18 chromosome
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1 RC18-95 27 y F de novo > 27 y 46,XX,r(18)(p11.32q22) 34775554 A case report of Ring chromosome 18 with 
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1 RC19-1 Case 1 13 y F de novo 46,XX[0.78]/46,XX,r(19)[0.22] 5038363 Ring formation of chromosomes nos. 19 and 20 Uchida IA, CC Lin Cytogenetics 1972;11(3):208-15 1972

1 RC19-2 nb M nd PB: 46,XY[45]/46,XY,r(19)[5], 
SF[4/50]/PB[8/50]

3233786 Mosaicism for ring 19: a case report Sybert VP, Bradley CM, Salk D Clin Genet 34(6):382-5, 1988 1988

1 RC19-3 pn, 17 
gwks

F de novo stillborn, 21 
gwks
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PB: r(19)[20/25], SF: r(19)[21/30]
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diagnosis
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SF: 46,XX,r(19)[86]/46,XX[7]/45,XX,-19[4]/r-
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8454286 High-resolution cytogenetic characterization of 
telomeric associations in ring chromosome 19
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mat 46,XX[96]/46,XX,r(19)[4]
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report and review
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1 RC19-6 case 1 1.5 y F mat > 20 y (mat) 46,XX,r(19), mat 
46,XX,r(19)[0.20]/46,XX[0.80]

16179226 High resolution microarray CGH and MLPA 
analysis for improved genotype/phenotype 
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2q
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1 RC20-4 1 y M de novo 46,XY,r(20)[21]/46,XY[3] 475436 Ring 20 chromosome in a child with seizures, 
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1 RC20-5 8 m F de novo 46,XX,r(20) 2418815 A case of ring 20 chromosome with cardiac and 
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1 RC20-7 2 y M mat > 38 y (mat) 46,XY,r(20)[PB0.88,SF0.66]/46,XY 2777254 Familial ring (20) chromosomal mosaicism Back E, Voiculescu I, Brünger M, Wolff 
G.
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1989

0 RC20-7 sister 2 y F mat 46,XX,r(20)[PB0.67,SF0.22]/46,XX;                                
mat: 46,XX,r(20)[PB0.31,SF0.34]/46,XX

2777254

1 RC20-8 2757359 A case of the ring 20 syndrome Thomsen SG, Petersen MB, Andersen 
EA, ostergaard GZ, Lindenberg S.

Ann Genet. 1989;32(2):111-3. 1989

1 RC20-9 8.5 y M de novo 46,XY,r(20)(p13q13.3) 1605251 Ring chromosome 20 and possible assignment of 
the structural gene encoding human 
carboxypeptidase-L to the distal segment of the 
long arm of chromosome 20

Halal F, Chitayat D, Parikh H, 
Rosenblatt B, Tranchemontagne J, 
Vekemans M, Potier M.

Am J Med Genet. 1992 Jun 
1;43(3):576-9. doi: 
10.1002/ajmg.1320430314.

1992

1 RC20-10 5 m M de novo 46,XY,r(20) 8403451 Ring chromosome 20 with loss of telomeric 
sequences detected by multicolour PRINS

Brandt CA, Kierkegaard O, Hindkjaer J, 
Jensen PK, Pedersen S, Therkelsen AJ.

Clin Genet. 1993 Jul;44(1):26-31. 
doi: 10.1111/j.1399-
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1 RC20-11 7 y F de novo 46,XX/46,XX,r(20)(p13q13) 8132117 Ring chromosome 20 mosaicism in a girl with 
complex partial seizures

Holopainen I, Penttinen M, Lakkala T, 
Aärimaa T.

Dev Med Child Neurol. 1994 
Jan;36(1):70-3. doi: 10.1111/j.1469-
8749.1994.tb11768.x.
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1 RC20-12 3.3 y M de novo 46,XY/46,XY,r(20)(p13q13.33) 7635104 Nonphotosensitive video game-induced partial 
seizures

Takahashi Y, Shigematsu H, Kubota H, 
Inoue Y, Fujiwara T, Yagi K, Seino M.

Epilepsia. 1995 Aug;36(8):837-41. 
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1157.1995.tb01623.x.
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1 RC20-13 pt 1 8 y F 46,XX,r(20)(p13q13.33)[4]/46,XX[16] 9217679 Ring chromosome 20 and nonconvulsive status 
epilepticus. A new epileptic syndrome

Inoue Y, Fujiwara T, Matsuda K, Kubota 
H, Tanaka M, Yagi K, Yamamori K, 

Brain. 1997 Jun;120 ( Pt 6):939-53. 
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1 RC20-13 pt 2 3.3 y M 46,XY,r(20)(p13q13.33)[16]/46,XY[14] 9217679
1 RC20-13 pt 3 14 y F > 21 y 46,XX,r(20)(p13q13.33)[5]/46,XX[15] 9217679
1 RC20-13 pt 4 7 y F > 28 y 46,XX,r(20)(p13q13.33)[8]/46,XX[12] 9217679
1 RC20-13 pt 5 7 y F > 31 y 46,XX,r(20)(p13q13.3)[13]/46,XX[36] 9217679
1 RC20-13 pt 6 11 y M > 25 y 46,XY,r(20)(p13q13.33)[3]/46,XY[27] 9217679
1 RC20-14 9935297 [A new epileptic syndrome: ring chromosome 20--

interhemispheric peak delay of spikes]
Kamuro K, Yoshimi S, Morikawa T. No To Hattatsu. 1998 Sep;30(5):431-

2.
1998

1 RC20-15 3 y F > 24 y 46,XX,r(20)(p13q13.3)[0.87]/46,XX[0.13] 9682935 A study of ring 20 chromosome karyotype with 
epilepsy

Yamadera H, Kobayashi K, Sugai K, 
Suda H, Kaneko S.

Psychiatry Clin Neurosci. 1998 
Feb;52(1):63-8. doi: 10.1111/j.1440-
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1998

1 RC20-15.5 pt 1 5 y M mat > 44 y (mat) 46,XY,r(20)[0.83]/46,XX[0.17];                                        
mat 46,XX,r(20)[0.12]/46,XX[0.88]

9738673 chromosome 20 ring: a chromosomal disorder 
associste particular electroclinical pattern.

Canevini MP, Sgro V, Zuffardi O, 
Canger R,

Epilepsia 1998, 39:942-951. 1998

1 RC20-15.5 pt 3 21 y M > 21 y 46,XY,r(20)[0.13]/46,XY[0.67] 9738673
3 RC20-16 10937160 Non-convulsive status in the ring chromosome 20 

syndrome: a video illustration of 3 cases
Petit J, Roubertie A, Inoue Y, Genton P. Epileptic Disord. 1999 Dec;1(4):237-

41.
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2 RC20-17 10743013 [Ring chromosome 20: an identifiable epileptic 
syndrome]

Roubertie A, Petit J, Genton P. Rev Neurol (Paris). 2000 
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1 RC20-18 pt1 11 y F 46,XX,r(20)[0.68] 11571346 Ring chromosome 20 epilepsy syndrome in 
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Joosten P, Lindhout D, van Emde Boas 
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11. doi: 10.1212/wnl.57.6.1108.
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1 RC20-18 pt2 3 y F 46,XX,r(20)[0.12] 11571346
1 RC20-18 pt3 11 y M 46,XY,r(20)[0.14] 11571346
1 RC20-18 pt4 8 y F 46,XX,r(20)[0.28] 11571346
1 RC20-19 11310277 [Ring chromosome 20: an epileptic channel 

disorder?]
Serrano-Castro PJ, Aguilar-Castillo MJ, 
Olivares-Romero J, Jiménez-Machado 

Rev Neurol. 2001 Feb 1-
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1 RC20-20 2 y M de novo 46,XY,r(20)(p13q13.3) 11879375 Ring 20 chromosome syndrome with epilepsy and 
dysmorphic features: a case report

García DM, Ortiz R, Gómez A, Barriuso 
E.
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doi: 10.1046/j.1528-
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1 RC20-21 3 m F 46,XX,r(20) 12546436 Intractable epilepsy with ring chromosome 20 
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case report and review of the literature
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1 RC20-22 9 y M de novo 46,XY,r(20)(p13q13.3)[0.90]/r-var[0.10] 12244405 Epilepsy and ring chromosome 20: case report Gomes Mda M, Lucca I, Bezerra SA, 
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1 RC20-28 16164241 [Continuous midazolam infusion for refractory 
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Sep;112(3):202; author reply 203. 
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1 RC20-30 pt 1 12 y F > 25 y 46,XX,r(20)(p13q13)[0.20]/46,XX[0.80] 16128150 Ring chromosome 20 with nonconvulsive status 
epilepticus: electroclinical correlation of a rare 
epileptic syndrome
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1 RC20-30 pt 2 15 y F > 37 y 46,XX,r(20)(p13q13)[0.20]/46,XX[0.80] 16128150
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10.1002/ajmg.a.31332.

2006
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1 RC20-35 case 4 5 y M 46,XY,r(20)[0.80] 16529619
1 RC20-35 case 5 8 y M 46,XY,r(20)[0.22] 16529619
1 RC20-35 neonatal nb M 46,XY,r(20) 16529619
1 RC20-36 5 y M 46,XY,r(20)[0.80]/46,XY[0.20] 16359603 Epilepsy responds to vagus nerve stimulation in 
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1 RC20-38 24 y F de novo > 42 y 46,XX,r(20)(p13q13.3)[0.10]/46,XX[0.90] 17079116 More severe epilepsy and cognitive impairment in 
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ring 20 chromosome
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Kuusela L, Aikiä M, Stenbäck U, 
Pääkkönen L, Airaksinen RL, Kälviäinen 

Epilepsy Res. 2007 Jan;73(1):122-8. 
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1 RC20-42 case PE 14 y F 46,XX,r(20)[0.34] 20939888
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46,XX,r(20)(p13q13.3)[0.08]
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syndrome]
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T, Abe I, Iwasaki H, Sue H, Kaito K.
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1 RC20-48 9 y F 46,XX,r(20)[53]/46,XX[47] 22738216 Ictal involvement of the nigrostriatal system in 
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doi: 10.1111/j.1528-

2012
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Minotti L, Kahane P.
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1 RC20-51 pt1 4 y F 46,XX,r(20)[25] 22424860 Ring chromosome 20 syndrome: electroclinical 
description of six patients and review of the 
literature

Elens I, Vanrykel K, De Waele L, Jansen 
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1 RC20-51 pt2 6 y M 46,XY,r(20)[0.40] 22424860
1 RC20-51 pt3 6 y M > 53 y 46,XY,r(20)[0.16] 22424860
1 RC20-51 pt4 16 y F > 66 y 46,XX,r(20)[0.18]/45,X,-20[0.04] 22424860
1 RC20-51 pt5 13 y M > 22 y 36,XY,r(20)[0.13] 22424860
1 RC20-51 pt6 5 y M 46,XY,r(20) 22424860
1 RC20-52 17 y F 46,XX,r(20) 22246017 Frontal motor seizure following non-convulsive 

status epilepticus in ring chromosome 20 
Kamoun FF, Ellouz EJ, Hsairi IG, Triki 
CC.
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Jan;17(1):74-7.
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1 RC20-53 case 1 5 y M 46,XY,r(20)[0.25]/46,XY[0.75] 22000954 The evolving electroclinical syndrome of "epilepsy 
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1 RC20-53 case 2 2.5 y M 46,XY,r(20)[0.06]/46,XY[0.94] 22000954
1 RC20-53 case 3 10 y M > 20 y 46,XY,r(20)[0.40]/46,XY[0.60] 22000954
0 RC20-54 24330998 [Ring chromosome 20 syndrome] Chen CH, Wu HS. Zhonghua Er Ke Za Zhi. 2013 

Sep;51(9):710-2.
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1 RC20-55 6 y F 46,XX,r(20)(p13q13.3)[11]/46,XX[9] 23916860 Ring chromosome 20: a pediatric potassium 
channelopathy responsive to treatment with 
ezogabine

Walleigh DJ, Legido A, Valencia I. Pediatr Neurol. 2013 Nov;49(5):368-
9. doi: 
10.1016/j.pediatrneurol.2013.06.00
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1 RC20-56 no.1 2.5 y F 46,XX,r(20)[0.29] 23731915 Sleep in ring chromosome 20 syndrome: a 
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G, Mastrangelo M, Turner K, Canevini 
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1 RC20-56 no.2 6 y F 46,XX,r(20)[0.33] 23731915
1 RC20-56 no.3 9 y F 46,XX,r(20)[0.53] 23731915
1 RC20-56 no.4 21 y M > 34 Y 46,XY,r(20)[0.13] 23731915
1 RC20-56 no.5 5 y M > 30 y 46,XY,r(20)[0.83] 23731915
1 RC20-56 no.6 11 y F > 59 y 46,XX,r(20)[0.12] 23731915
1 RC20-57 5 y F 46,XX,r(20)(p13q13.3)[22]/46,XX[28] 23188914 Two siblings with similar phenotypes: one of them 

had ring 20 chromosome
Tezer FI, Aktas D, Alikasifoglu M, Saygi 
S.
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Wechapinan T, Sri-Udomkajorn S, 
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2014

1 RC20-59 14 y M 46,XY[23]/46,XY,r(20)(p13q13.3)[25] 24819941 [Electroclinical characteristics of a patient with 
ring chromosome 20 syndrome]

Vega-Zelaya L, Alonso-Cerezo C, 
Quesada JF, Sola RG, Pastor J.
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2014

0 RC20-60 24483620 Epilepsy-related brain networks in ring 
chromosome 20 syndrome: an EEG-fMRI study

Vaudano AE, Ruggieri A, Vignoli A, 
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Nichelli PF, Darra F, Cantalupo G, 
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0 RC20-61 23968845 Low frequency mu-like activity characterizes 
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1 RC20-62 6 y F > 43 y 46,XX,r(20) 26062827 [Stimulation of the centromedian nucleus in 
refractory epilepsy associated to ring 
chromosome 20]
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Alonso-Cerezo C, Sola RG.

Rev Neurol. 2015 Jun 16;60(12):548-
52.
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doi: 
10.1016/j.eplepsyres.2016.10.004. 
Epub 2016 Oct 24.

2016
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1 RC20-65 7 y F 46,XX,r(20)(p13q13.3)[23]/45,XX,-
20[1]/46,XX[6]

26980640 Refractory and severe status epilepticus in a 
patient with ring chromosome 20 syndrome

Hirano Y, Oguni H, Nagata S. Brain Dev. 2016 Sep;38(8):746-9. 
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1 RC20-66 9 y F 46,XX,r(20)(p13q13.3)[23/169] 27066580 Co-occurrence of 16p13.11 microdeletion and ring 
chromosome 20 syndrome
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14;2(1):e43. doi: 

2016

1 RC20-67 17 y F > 25 y 46,XX,r(20) mos 26240087 Significant Improvements of EEG and Clinical 
Findings With Oral Lacosamide in a Patient With 
Ring Chromosome 20

Onder H, Tezer FI. Clin EEG Neurosci. 2016 
Oct;47(4):330-332. doi: 
10.1177/1550059415593428. Epub 
2015 Aug 2.

2016

1 RC20-68 10 m M de novo 46,XY,r(20)(p13q13.3) 28482393 [A patient with ring chromosome 20 syndrome 
and AGTR2 polymorphisms]

Yi Z, Pan H, Li L. Zhonghua Er Ke Za Zhi. 2017 May 
4;55(5):388-389. doi: 

2017

1 RC20-69 10 y F > 35 y 46,XX,r(20)(p13q13)[0.30]/46,XX[0.70] 28181065 Phenotypical heterogeneity of morpheic 
seizures in ring chromosome 20 syndrome: a 
videopolysomnographic evidence.

Giuliano L, Fatuzzo D, Mainieri G, 
Sofia V, Zappia M

Neurol Sci. 2017 May;38(5):925-
926. doi: 10.1007/s10072-017-
2838-4. Epub 2017 Feb 8. PMID: 

2017

1 RC20-70 6 y F 46,XX,r(20)[0.20] 30455928 Lithium improved behavioral and epileptic 
symptoms in an adolescent with ring chromosome 
20 and bipolar disorder not otherwise specified

Inal A, Chaumette B, Soleimani M, 
Guerrot AM, Goldenberg A, Lebas A, 
Gerardin P, Ferrafiat V.

Clin Case Rep. 2018 Oct 
12;6(11):2234-2239. doi: 
10.1002/ccr3.1796. eCollection 
2018 Nov.

2018



1 RC20-71 pt 1 6 y F 46,XX,r(20)[0.84] 29414555 Specificity of electroclinical features in the 
diagnosis of ring chromosome 20

Gago-Veiga AB, Toledano R, García-
Morales I, Pérez-Jiménez MA, Bernar J, 

Epilepsy Behav. 2018 Mar;80:215-
220. doi: 

2018

1 RC20-71 pt 2 2 y F 46,XX,r(20)[0.70] 29414555
1 RC20-71 pt 3 12 y F > 30 y 46,XX,r(20)[0.22] 29414555
1 RC20-71 pt 4 13 y F > 27 y 46,XX,r(20)[0.30] 29414555
1 RC20-71 pt 5 9 y F 46,XX,r(20)[0.46] 29414555
1 RC20-71 pt 6 4 y M 46,XY,r(20)[0.44] 29414555
1 RC20-72 2 y F mat > 20 y (mat) 46,XX,r(20)[0.50], mat 46,XX,r(20)[0.12] 30385235 A further case of familial ring chromosome 20 

mosaicism - molecular characterization of the ring 
and review of the literature

Unterberger I, Dobesberger J, Schober 
H, Krabichler B, Lamina C, Schatz U, 
Zschocke J, Luef G, Kotzot D, Fauth C.

Eur J Med Genet. 2019 
Nov;62(11):103564. doi: 
10.1016/j.ejmg.2018.10.016. Epub 

2019

1 RC20-73 case 1 6 m M 46,XY[0.88]/46,XY,r(20)[0.12] 33623285 Epilepsy in Ring Chromosome 20 Syndrome Might 
Have Variable Clinical Features

Patil AA, Vinayan KP, Roy AG. Ann Indian Acad Neurol. 2020 Sep-
Oct;23(5):718-722. doi: 

2020

1 RC20-73 case 2 6 m F 46,XX,r(20) 33623285
1 RC20-74 case 1 11 y F 46,XX,r(20) 32301722 Praxis-induced reflex seizures in two Japanese 

cases with ring chromosome 20 syndrome
Yamagishi H, Goto M, Osaka H, 
Kuwajima M, Muramatsu K, Yamagata 

Epileptic Disord. 2020 Apr 
1;22(2):214-218. doi: 

2020

1 RC20-74 case 2 6 y M 46,XY,r(20) 32301722
1 RC20-75 7 y M 46,XY,r(20)(p13q13.3)[4]/46,XY[26] 32247529 Improvement of epilepsy with lacosamide in a 

patient with ring chromosome 20 syndrome
Tayama T, Mori T, Goji A, Toda Y, 
Kagami S.

Brain Dev. 2020 Jun;42(6):473-476. 
doi: 
10 1016/j b i d 2020 03 003  

2020

1 RC20-76 nb F de novo 46,XX,r(20) 32082653 Candidate Genes Associated with Delayed 
Neuropsychomotor Development and Seizures in 
a Patient with Ring Chromosome 20

Corrêa T, Venâncio AC, Galera MF, 
Riegel M.

Case Rep Genet. 2020 Jan 
21;2020:5957415. doi: 
10.1155/2020/5957415. eCollection 

2020

1 RC20-77 10 y F > 21 y 46,XX,t(1;12)(q21;q11),r(20)[14/25] 35002161 A Case of Drug-resistant Epilepsy Associated with 
Ring Chromosome 20

Balabhadra A, Parekh M, Patil A Ann Indian Acad Neurol. 2021 Sep-
Oct;24(5):805-807

2021

1 RC20-TECH pt 1 9 y M > 34 y 46,XY,r(20) 33207017 Transcriptome analysis of a ring chromosome 20 
patient cohort

Myers KA, Bennett MF, Hildebrand MS, 
Coleman MJ, Zhou G, Hollingsworth G, 
Cairns A, Riney K, Berkovic SF, Bahlo 

Epilepsia. 2021 Jan;62(1):e22-e28. 
doi: 10.1111/epi.16766. Epub 2020 
Nov 18.

2021

1 RC20-TECH pt 2 6 y F 46,XX,r(20)[0.73] 33207017

1 RC20-78 7 y M 46,XY,r(20)[0.62] 35196643 Intravenous methylprednisolone is a potential add 
on therapy for Ring chromosome 20 syndrome

Kishore VK, Viswanathan LG, Asranna 
A, Kenchiah R, Chowdary M R, Sinha S.

Seizure. 2022 Feb 5;96:118-120. 2022

118 80

1 RC21-1 10 y F 46,XX,r(21) 1242523 [A dysplasia-epilepsy syndrome in a patient with 
ring chromosome 21]

Kunze J, Doose H, Tolksdorf M. Neuropadiatrie. 1975 Nov;6(4):398-
402. doi: 10.1055/s-0028-1091680.

1975

1 RC21-2 1154140 Clinical and cytogenetic aspects of the 21 deletion 
syndrome

Gericke GS, Steyn MF, Retief AE, Thom 
JC, Van Niekerk WA.

S Afr Med J. 1975 Jun 7;49(24):959-
64.

1975

1 RC21-3 46,XY,r(21) 1004994 [Ring chromosome 21. A new case] Larget-Piet L, Berthelot J, Guittet J, 
Hamon A, Larget-Piet A, Rouchy R.

Pediatrie. 1976 Sep;31(6):539-49. 1976

1 RC21-4 955958 [Ring chromosome 21] Neuhäuser G. Hippokrates. 1976 Aug;47(3):246-7. 1976

1 RC21-5 278545 Missing X chromosome and ring chromosome 21 
in a case of acute myelomonocytic leukemia

Olinici CD, Marinca E, Macavei I, Dobay 
O.

Arch Geschwulstforsch. 
1978;48(3):202-4.

1978

1 RC21-6 nb M de novo PB/BM/SF: 46,XY,r(21)/45,XY,-21 7332027 Analysis of banding patterns in a case of ring 
chromosome 21

Richer CL, Fitch N, Sitahal S, Murer-
Orlando M, Jean P.

Am J Med Genet. 1981;10(4):323-
31. doi: 10.1002/ajmg.1320100404.

1981

1 RC21-7 2.5 y M 7037042 Acute megakaryoblastic leukaemia associated 
with intrinsic platelet dysfunction and constitution 
ring 21 chromosome in a young boy

Pui CH, Williams DL, Scarborough V, 
Jackson CW, Price R, Murphy S.

Br J Haematol. 1982 Feb;50(2):191-
200. doi: 10.1111/j.1365-
2141.1982.tb01909.x.

1982

1 RC21-8      pt 1/2 pn M mat CP, > 28 y 
(mat)

46,XY,r(21) 6228144 Ring chromosome 21 in phenotypically apparently 
normal persons: report of two families from 
Switzerland and Italy

Schmid W, Tenconi R, Baccichetti C, 
Caufin D, Schinzel A.

Am J Med Genet. 1983 
Nov;16(3):323-9. doi: 
10.1002/ajmg.1320160305.

1983

1 RC21-8      pt 3/4 nb F mat > 38 y (mat) 46,XX[0.97]/47,XX,+r(21)(p11q22.3)[0.03]                     
mat: 46,XX,r(21)(p11q22.3)[48]      

6228144

1 RC21-9 6680430 [Description of a case of ring chromosome 21 and 
pericentric inversion of Y chromosome]

Ponzio G, Carozzi F, Dragone E, Spada 
A, Brignone S, De Marchi M, Carbonara 

Pathologica. 1983;75 Suppl:276-9. 1983

1 RC21-10 25 y F 46,XX,r(21) 6745921 Ring chromosome 21 in a healthy woman with 
three spontaneous abortions

Rhomberg K. Hum Genet. 1984;67(1):120. doi: 
10.1007/BF00270571.

1984

1 RC21-11 pn M de novo cp 46,XY,r(p13q22.3)/45,XY,-21 6510909 Prenatal detection of an unstable ring 21 
chromosome

Stetten G, Sroka B, Corson VL, Boehm 
CD.

Hum Genet. 1984;68(4):310-3. doi: 
10.1007/BF00292590.

1984

1 RC21-12 nb F 46,XX,r(21)/45,XX,-21 6335374 Ring chromosome 21. Observation in a female 
infant

Carlo Stella N, Barberi I, Corrado F, 
Triolo O.

Ann Genet. 1984;27(4):249-51. 1984

1 RC21-13 6331791 Ring chromosome 21 in a normal female Kleczkowska A, Fryns JP. Ann Genet. 1984;27(2):126-8. 1984
0 RC21-13 (FU) 3499841 Ring chromosome 21 in the mother and 21/21 

translocation in the fetus: karyotype: 45,XX,-21,-
21,+t(21;21)(p11;q11)

Fryns JP, Kleczkowska A. Ann Genet. 1987;30(2):109-10. 1987



1 RC21-14 case 1 nb M 46,XY,r(21)/45,XY,-21 6714262 Three new cases of partial monosomy 21 resulting 
from one ring 21 chromosome and two 
unbalanced reciprocal translocations

Philip N, Baeteman MA, Mattei MG, 
Mattei JF.

Eur J Pediatr. 1984 Apr;142(1):61-4. 
doi: 10.1007/BF00442594.

1984

1 RC21-15 27 y M 46,XY,r(21)(p11q22.3) 4075565 Ring chromosome 21 in a phenotypically normal 
but infertile man

Huret JL, Leonard C, Kanoui V. Clin Genet. 1985 Dec;28(6):541-5. 
doi: 10.1111/j.1399-
0004.1985.tb00423.x.

1985

1 RC21-16 pn M de novo CtB AF/SF: 46,XY,r(21)(p13q22)/45,XY,-21/r-var 3160292 Ring chromosome 21: characterization of DNA 
sequences at sites of breakage and reunion

Kazazian HH Jr, Antonarakis SE, Wong 
C, Trusko SP, Stetten G, Oliver M, 
Potter MJ, Gusella JF, Watkins PC.

Ann N Y Acad Sci. 1985;450:33-42. 
doi: 10.1111/j.1749-
6632.1985.tb21481.x.

1985

1 RC21-17 nb F de novo 46,XX,r(21)(p11.2q22.3)[0.77]/45,XX,-
21[0.23]

3564968 Ring chromosome 21 and SOD activity of blood 
cells

Aoki T, Yoshimitsu K, Itodagawa M, 
Okazaki H, Sugimoto T, Kobayashi Y.

Acta Paediatr Scand. 1986 
Nov;75(6):1055-8. doi: 
10.1111/j.1651-
2227.1986.tb10343.x.

1986

1 RC21-18 3733078 Ring chromosome 21 in healthy persons: different 
consequences in females and in males

Dallapiccola B, De Filippis V, 
Notarangelo A, Perla G, Zelante L.

Hum Genet. 1986 Jul;73(3):218-20. 
doi: 10.1007/BF00401230.

1986

1 RC21-19 8 m M 46,XY,r(21)(p13q22.3)[44]/45,XY,-21[4]/r-
var[2]

3815879 Ring 21 chromosome: the mild end of the 
phenotypic spectrum

Gardner RJ, Monk NA, Clarkson JE, 
Allen GJ.

Clin Genet. 1986 Dec;30(6):466-70. 
doi: 10.1111/j.1399-
0004.1986.tb01912.x.

1986

0 RC21-20 3621668 Holoprosencephaly associated with ring 
chromosome 21

Hoovers JM, Jansweijer MC. Clin Genet. 1987 Sep;32(3):207. 
doi: 10.1111/j.1399-
0004.1987.tb03357.x.

1987

1 RC21-21 13 y M 46,XY,r(21)c 3474055 Acute lymphoblastic leukemia in a child with 
constitutional ring chromosome 21

Falchi AM, Orofino MG, Nucaro AL, De 
Virgiliis S, Cao A.

Cancer Genet Cytogenet. 1987 
Aug;27(2):219-24. doi: 
10.1016/0165-4608(87)90003-3.

1987

1 RC21-22 15 y M mat > 20 y (mat) 46,XY,r(21), mat: 46,XX,r(21)(p11q22.3) 2887318 Familial transmission of a ring chromosome 21 Hertz JM. Clin Genet. 1987 Jul;32(1):35-9. doi: 
10.1111/j.1399-
0004.1987.tb03320.x.

1987

1 RC21-23 3 m M de novo 46,XY,r(21) 3568433 A male infant with holoprosencephaly, associated 
with ring chromosome 21

Aronson DC, Jansweijer MC, Hoovers 
JM, Barth PG.

Clin Genet. 1987 Jan;31(1):48-52. 
doi: 10.1111/j.1399-
0004.1987.tb02766.x.

1987

1 RC21-24 2960262 Tandem duplication chromosome 21 in the 
offspring of a ring chromosome 21 carrier

Miller K, Reimer A, Schulze B. Ann Genet. 1987;30(3):180-2. 1987

1 RC21-25 3.5 y M de novo PB: 45,XY,-21, SF: 46,XY,r(21)[0.80]/45,XY,-
21[0.20]

3236369 Apparent monosomy 21 owing to a ring 21 
chromosome: parental origin revealed by DNA 
analysis

Dalgleish R, Duckett DP, Woodhouse 
M, Shannon RS, Young ID.

J Med Genet. 1988 Dec;25(12):851-
4. doi: 10.1136/jmg.25.12.851.

1988

0 RC21-26 2648387 Molecular mechanism in the formation of a 
human ring chromosome 21

Wong C, Kazazian HH Jr, Stetten G, 
Earnshaw WC, Van Keuren ML, 
Antonarakis SE.

Proc Natl Acad Sci U S A. 1989 
Mar;86(6):1914-8. doi: 
10.1073/pnas.86.6.1914.

1989

1 RC21-27 2741714 Ring chromosome 21 Zergollern L, Muzinić D, Raic Z. Acta Med Iugosl. 1989;43(2):147-
56.

1989

1 RC21-28 6 m M mat > 20 y (mat) 46,XY,r(21)(p13q22.3)                                                                
mat: 46,XX,r(21)(p13q22.3)

2253944 Maternal transmission of ring chromosome 21 Kennerknecht I, Barbi G, Vogel W. Hum Genet. 1990 Nov;86(1):99-
101. doi: 10.1007/BF00205185.

1990

1 RC21-29 nb F mat > 20 y (mat) 46,XX,r(21)(p11.2q22.3) 2369070 Ring chromosome 21 transmitted from mother to 
daughter: its stability in a lymphoblastoid cell line

Ikeuchi T, Yamamoto K, Qiao F, 
Hayakawa K, Migita T, Nishikawa Y.

Ann Genet. 1990;33(1):32-5. 1990

0 RC21-30 1346075 Mechanisms of ring chromosome formation in 11 
cases of human ring chromosome 21

McGinniss MJ, Kazazian HH Jr, Stetten 
G, Petersen MB, Boman H, Engel E, 
Greenberg F, Hertz JM, Johnson A, 

Am J Hum Genet. 1992 Jan;50(1):15-
28.

1992

1 RC21-31 6 m F mat > 21 y IV1: 46,XX,r(21)                                                                              
III3 (mat): 46,XX,r(21), II-4 (gmat): 

1308361 Stable ring chromosome 21: molecular and clinical 
definition of the lesion

Falik-Borenstein TC, Pribyl TM, Pulst 
SM, Van Dyke DL, Weiss L, Chu ML, 

Am J Med Genet. 1992 Jan 
1;42(1):22-8. doi: 

1992

1 RC21-32 1 y F 46,XX,der(18)t(18;21)(q23;q21.1),r(21)(p13q
21.1)[0.52]/45,XX,der(18),-21[0.48]

8362906 Unbalanced translocation, t(18;21), detected by 
fluorescence in situ hybridization (FISH) in a child 
with 18q- syndrome and a ring chromosome 21

McGinniss MJ, Rosenberg C, Stetten G, 
Schinzel AA, Binkert F, Petersen MB, 
Kearns WG, Kazazian HH Jr, Pearson 

Am J Med Genet. 1993 Jul 
1;46(6):647-51. doi: 
10.1002/ajmg.1320460609.

1993

1 RC21-33 case 1 1 m F de novo 46,XX,r(21) 7966190 "Compensatory" uniparental disomy of 
chromosome 21 in two cases

Bartsch O, Petersen MB, Stuhlmann I, 
Mau G, Frantzen M, Schwinger E, 

J Med Genet. 1994 Jul;31(7):534-
40. doi: 10.1136/jmg.31.7.534.

1994

1 RC21-34 7507604 [Ring chromosome 21 as a cause of 
developmental disorder. A case report from the 
practice of child psychiatry]

Melkild A. Tidsskr Nor Laegeforen. 1994 Jan 
10;114(1):36-8.

1994

1 RC21-35 14 y M 46,XY,r(21)/45,XY,-21 7847798 Lens dislocation and optic nerve hypoplasia in ring 
chromosome 21 mosaicism

Meire FM, Fryns JP. Ann Genet. 1994;37(3):150-2. 1994

1 RC21-36 6 m M de novo 46,XY,r(21) 8591669 Characterization of a ring chromosome 21 by FISH-
technique

Conte RA, Luke S, Verma RS. Clin Genet. 1995 Oct;48(4):188-91. 
doi: 10.1111/j.1399-
0004.1995.tb04086.x.

1995

1 RC21-37 pn, 16 
gwks

F mat CP, > 29 y 
(mat)

twin A: 46,XY,  twin B: 
46,XX,r(21)(p13q22)[0.77]/45,XX,-21[0.23];  
mat: 46,XX,r(21)(p13;q22)

7784385 Prenatal diagnosis of familial ring 21 chromosome Melnyk AR, Ahmed I, Taylor JC. Prenat Diagn. 1995 Mar;15(3):269-
73. doi: 10.1002/pd.1970150310.

1995

1 RC21-38 3.5 y M 46,XY,r(21)(p11q22) 9370908 Hypogammaglobulinaemia in a patient with ring 
chromosome 21

Ohga S, Nakao F, Narazaki O, Fusazaki 
N, Aoki T, Kamesaki K, Hara T.

Arch Dis Child. 1997 Sep;77(3):252-
4. doi: 10.1136/adc.77.3.252.

1997



1 RC21-39 CGM-14 ? M 46,XY,r(21) 10507727 Molecular characterisation of partial chromosome 
21 aneuploidies by fluorescent PCR

Valero R, Marfany G, Gil-Benso R, 
Ibáñez MA, López-Pajares I, Prieto F, 

J Med Genet. 1999 Sep;36(9):694-9. 1999

1 RC21-40 29 y F mat, familial > 29 y (mat) II3/II5:  46XY,r(21)                                                                   
II7: 46,XX,t(21q21q)

11384641 Familial gonadotropin-releasing hormone 
resistance and hypogonadotropic hypogonadism 
in a family with multiple affected individuals

Layman LC, McDonough PG, Cohen DP, 
Maddox M, Tho SP, Reindollar RH.

Fertil Steril. 2001 Jun;75(6):1148-
55. doi: 10.1016/s0015-
0282(01)01782-4.

2001

1 RC21-41 31 y F > 31 y BM/PB: 46,XX,r(21)c                                                                   
BM: 
46,XX,r1[7]/47,idem,+r2[7]/47,idem,+8[9]         
/47~48,diem,+r2[15]

11165321 Amplification of the AML1(CBFA2) gene on ring 
chromosomes in a patient with acute myeloid 
leukemia and a constitutional ring chromosome 
21

Streubel B, Valent P, Lechner K, 
Fonatsch C.

Cancer Genet Cytogenet. 2001 Jan 
1;124(1):42-6. doi: 10.1016/s0165-
4608(00)00318-6.

2001

1 RC21-42 12 y M mat > 20 y (mat) 46,XY,r(21)[96]/45,XY,-21[4]                                                  
mat: 46,XX,der(21)

12116206 Ring chromosome 21 in a boy and a derivative 
chromosome 21 in the mother: implication for 
ring chromosome formation

Muroya K, Yamamoto K, Fukushima Y, 
Ogata T.

Am J Med Genet. 2002 Jul 
15;110(4):332-7. doi: 
10.1002/ajmg.10466.

2002

1 RC21-43 nb F de novo 46,XX,r(21)(p11.2q22.3)[0.86]/45,XX,-
21[0.14]

14673898 Dystonia in a patient with ring chromosome 21 Hou CE, Schlaggar BL, Racette BA. Mov Disord. 2003 Dec;18(12):1547-
9. doi: 10.1002/mds.10621.

2003

1 RC21-44 nb F de novo AC/PB: 46,XX,1ps,r921)(p11.2q22.3)[48/50] 12838556 Ring 21 chromosome and a satellited 1p in the 
same patient: novel origin for an ectopic NOR

Ki A, Rauen KA, Black LD, Kostiner DR, 
Sandberg PL, Pinkel D, Albertson DG, 

Am J Med Genet A. 2003 Jul 
30;120A(3):365-9. doi: 

2003

1 RC21-45 9 m M de novo 46,XY,r(21) 15372526 Dilated ascending aorta in a child with ring 
chromosome 21 syndrome

Rope AF, Hinton RB, Spicer RL, Blough-
Pfau R, Saal HM.

Am J Med Genet A. 2004 Oct 
1;130A(2):191-5. doi: 
10.1002/ajmg.a.30143.

2004

1 RC21-46 15033121 [Chromosome 21 ring (r21) and epilepsy] Pardal Fernández JM, Jerez García P, 
Carrascosa Romero MC, Marco Giner J.

An Pediatr (Barc). 2004 
Apr;60(4):379-81. doi: 

2004

1 RC21-47 2 y M de novo 46,XY,r(21)[91]/46,XY,r(21;21)[5]/45,XY,-
21[4]

16331572 [Cytogenetic analysis and phenotype location 
analysis on the karyotype of a ring chromosome 

Zhu XY, Zhao R, Ye ZC, Peng YG, Tan 
YQ.

Zhonghua Yi Xue Yi Chuan Xue Za 
Zhi. 2005 Dec;22(6):682-3.

2005

1 RC21-48 nb F de novo 46,XX,r(21) 16155419 Duplication of the Down syndrome critical region 
does not predict facial phenotype in a baby with a 
ring chromosome 21

Crombez EA, Dipple KM, Schimmenti 
LA, Rao N.

Clin Dysmorphol. 2005 
Oct;14(4):183-7. doi: 
10.1097/00019605-200510000-
00003.

2005

1 RC21-49 14 y M 46,XY,r(21) 18970914 Videoendoscopic rehabilitation of iatrogenous 
Stensen-duct-acquired atresia in a patient with 
ring chromosome 21 syndrome and drooling

Capaccio P, Clemente IA, Marchisio P, 
Selicorni A, Esposito S, Pignataro L.

J Pediatr Surg. 2008 Nov;43(11):e17-
20. doi: 
10.1016/j.jpedsurg.2008.06.042.

2008

1 RC21-50 31 y F mat > 31 y 46,XX,r(21)[0.94]/45,XX,-21[0.04]                                    
mat: 46,XX,r(21)[0.98]/45,XX,-21[0.02]

18371955 Ring chromosome 21 and reproductive pattern: a 
familial case and review of the literature

Bertini V, Valetto A, Uccelli A, 
Tarantino E, Simi P.

Fertil Steril. 2008 
Nov;90(5):2004.e1-5. doi: 
10.1016/j.fertnstert.2008.01.087. 
Epub 2008 Apr 18.

2008

1 RC21-51 3 m M 46,XY,der(21;21)(q10;q10)[141]/46,XY,r(21)(
p11q22)[15]

19778489 Rare chromosomal complement of trisomy 21 in a 
boy conceived by IVF and cryopreservation

Quiroga R, Roselló M, Martinez F, 
Ferrer-Bolufer I, Monfort S, Oltra S, 
Hernandez MC, Orellana C.

Reprod Biomed Online. 2009 
Sep;19(3):415-7. doi: 
10.1016/s1472-6483(10)60177-0.

2009

1 RC21-52 > 20 y M > 20 y 46,XY,r(21)[95]/45,XY,-21[3]/46,XY[2] 19135661 Sperm chromosome analysis of an infertile patient 
with a 95% mosaic r(21) karyotype and normal 
phenotype

Hammoud I, Gomes DM, Bergere M, 
Wainer R, Selva J, Vialard F.

Fertil Steril. 2009 
Mar;91(3):930.e13-5. doi: 
10.1016/j.fertnstert.2008.12.005. 
Epub 2009 Jan 10.

2009

1 RC21-53 7 m M de novo 46,XY,r(21) 19864007 ITGB2 mutation combined with deleted ring 21 
chromosome in a child with leukocyte adhesion 
deficiency

Fiorini M, Piovani G, Schumacher RF, 
Magri C, Bertini V, Mazzolari E, 
Notarangelo L, Notarangelo LD, Barlati 

J Allergy Clin Immunol. 2009 
Dec;124(6):1356-8. doi: 
10.1016/j.jaci.2009.07.058.

2009

1 RC21-54 3 y F > 30 y 46,XX,r(21)(p11q22.3) 25385124 An adult female patient with ring chromosome 21: 
behavioural phenotype and results of high-
resolution molecular characterisation

Verhoeven WM, Van Bon B, Egger JI, 
Hoischen A, Doelman JC.

Acta Neuropsychiatr. 2010 
Aug;22(4):188-94. doi: 
10.1111/j.1601-5215.2010.00455.x.

2010

1 RC21-55 pn, 21 
gwks

M pat CtB 46,XY,r(21)(p11.2q22)[34]/45,XY,-
21[4]/46,XY[14]   pat: 
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Table S2: Relative Frequency of Constitutional Ring Chromosomes (RCs) and Cytogenomic Findings in PubMed 1962-2022

RC Case 
Count

Relative 
Frequency

No. 
Publications

PubMed 
Assessed

CMA Complete 
RC

Simple 
del

Complex 
del/dup

Prenatal TOP SB CP Postnatal Adult Die De novo Mat Pat

RC1 7 0.0068627 7 7 1 1 0 7 1 2
RC2 14 0.0137255 13 12 4 4 1 1 11 1 1 9 1
RC3 11 0.0107843 12 9 2 2 0 9 2 6
RC4 34 0.0333333 36 31 7 1 5 1 3 1 1 1 28 4 5 24
RC5 13 0.0127451 10 10 1 1 0 10 1 8 1
RC6 39 0.0382353 35 38 8 5 3 7 3 1 3 31 2 3 22
RC7 21 0.0205882 24 20 3 3 1 1 19 4 3 9
RC8 9 0.0088235 9 7 1 1 0 7 2 3 1
RC9 32 0.0313725 32 25 8 1 4 3 2 2 23 4 3 10
RC10 18 0.0176471 17 17 6 6 1 1 16 1 2 11
RC11 17 0.0166667 14 17 6 5 1 1 1 16 3 2 8 2
RC12 7 0.0068627 7 7 1 1 0 7 4 2
RC13 82 0.0803922 71 63 20 1 13 6 10 8 2 53 7 3 29 1
RC14 73 0.0715686 66 51 7 2 4 1 3 3 48 4 2 13 1
RC15 75 0.0735294 62 64 14 11 3 7 4 3 57 13 1 32 5
RC16 5 0.004902 5 5 0 0 5 1 3
RC17 20 0.0196078 23 17 3 1 2 1 1 16 4 1 8
RC18 110 0.1078431 92 95 25 20 5 8 7 1 87 15 3 28 5
RC19 6 0.0058824 6 6 1 1 1 1 5 2 2 2
RC20 118 0.1156863 80 100 6 3 2 1 2 1 1 98 34 1 14 6
RC21 72 0.0705882 74 60 18 1 11 6 8 2 6 52 16 2 21 11 1
RC22 71 0.0696078 61 66 21 2 17 2 6 6 60 17 1 21 2 1
Subtotal 854 756 727 163 13 116 34 62 42 8 12 665 140 35 285 37 3
RCX 111 0.1088235 68
RCY 64 0.0627451 54
Subtotal 175 122
Total 1029 878
*CMA, Chromosome microarray analysis; TOP, termination of pregnancy; SB, stillbirth; CP, continue pregnancy; mat, maternal; pat, paternal
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