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We report on a newborn female infant with a unique ring chromosome 13. Prenatal findings include 

intrauterine growth restriction (IUGR); ventricular septal defect (VSD), overriding aorta, and pulmonary 

stenosis. Postnatal examination found mild dysmorphic features of flat fontanels and hypertelorism. 

Echocardiogram confirmed the diagnosis of Tetralogy of Fallot (TOF), pulmonary atresia (PA) and VSD. 

Cytogenetic analysis detected a mosaic pattern of a ring chromosome 13, monosomy 13 and dicentric ring 

chromosome in about 90%, 9% and 1% of blood lymphocytes, respectively. Oligonucleotide array 

comparative genomic hybridization (aCGH) analysis revealed a 28.476 Mb interstitial duplication of 

13q14.11-q21.33 and a 10.217 Mb distal deletion of 13q33.2-q34. Review of the literature suggested three 

groups of ring chromosome 13 with variable phenotypes based on the size of 13q deletions and noted two 

cases of ring chromosome 13 with a distal deletion defined by genomic analysis. A heat map of ring 

chromosome 13 phenotypes was constructed. The present case represents a new group of ring chromosome 

13 with compound segmental duplication and deletion. This study demonstrates the importance of genomic 

characterization of constitutional ring chromosome for better disease classification and phenotype 

correlation.  

[N A J Med Sci. 2013;6(4):208-212. DOI: 10.7156/najms.2013.0604208] 
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INTRODUCTION 

General clinical feature of growth retardation has been 

related with ring chromosome instability through mitotic cell 

cycle.1 Other variable clinical manifestations of a 

constitutional ring chromosome are likely explained by 

segmental deletions or duplications from the ring formation. 

Since the first report of ring chromosome 13 in 1968, its 

incidence was estimated to be 1 in 58,000 and a syndromic 

phenotype of mental retardation, microcephaly, craniofacial 

dysmorphisms, and hand and foot abnormalities had been 

described.2-3 Other variable clinical features were grouped 

into three clinical entities based on the breakpoints at distal 

13q33-q34, intermediate 13q31-q32 and proximal 13q21 

bands.4 However, a systematic review of clinical and 

cytogenetic findings from 23 reported cases confirmed the 

presence of common phenotype but the classification based 

on G-band breakpoints was controversial.5 Since then, there 

were 20 reports of ring chromosome 13 from the PubMed 

literature: fourteen cases presented with cytogenetic 

fingdings,6-16  two reports focused on ocular 

abnormalities,17,18      one      report      emphasized    on   skin  
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pigmentation,19  one report had congenital coagulation,20 and 

two recent cases defined the breakpoints using current 

genomic technologies.21,22 Of these over 40 cases of ring 

chromosome 13, all the earlier reported cases lacked genomic 

mapping of the ring chromosome structure. This limitation 

likely explains partly the inconsistence in disease 

classification and the inaccuracy for phenotype correlations. 

Genome-wide oligonucleotide array comparative 

hybridization (aCGH) has been validated for clinical 

diagnosis and proven to be highly effective in defining the 

breakpoints and gene content of ring chromosome 

abnormalities.23,24  In this report, we present the first ring 

chromosome 13 with a unique interstitial duplication and 

distal deletion. Review of previously reported cases of ring 

chromosome 13 and recent cases of 13q deletions and 

duplications provide a heat map of ring chromosome 

phenotype and a list of potential candidate genes. This case 

demonstrated the importance of genomic analysis for a better 

understanding of ring chromosome structure and phenotype 

correlation.   

 

CASE REPORT 

The female infant was born at 37-5/7 gestational weeks 

through elective cesarean section to a 31 year-old gravid 5, 

para 3 woman. Pregnancy was complicated by intrauterine 

growth restriction (IUGR) and prenatally diagnosed 
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ventricular septal defect (VSD), overriding aorta, and 

pulmonary stenosis. Labor and delivery was uncomplicated. 

Birth weight was 1,710 g (less than 5th percentile), length was 

44 cm (< 5th percentile) and head circumference was 27 cm 

(<<5th percentile). Apgar scores were 7 and 8 at 1 and 5 

minutes, respectively. Physical exam shortly after birth noted 

hypotonia, mild dysmorphism of flat face and hypertelorism, 

normal palate, wide spaced nipples, heart murmur with loud 

second heart sound click, and normal appearances of body 

extremities. There were no abnormalities in skin 

pigmentation, genitalia and anus. Echocardiogram confirmed 

the diagnosis of Tetralogy of Fallot (TOF), pulmonary atresia 

(PA) and VSD, and demonstrated that there is discontinuous 

pulmonary blood supply most likely supplied by major aorto-

pulmonary collateral arteries (MAPCAs). Brain MRI is 

normal. Both parents are healthy and elected not to 

participate in the follow up cytogenetic evaluation.  

 

Chromosome analysis was performed on culture stimulated 

lymphocytes of peripheral blood from this patient. Of the 100 

metaphases examined, a ring chromosome 13 was noted in 

eighty-eight cells, loss of one chromosome 13 was seen in 

seven cells and a dicentric ring 13 was found in five cells 

(Figure 1A). The karyotype is: mos 

46,XX,r(13)[88]/45,XX,-13[7]/46,XX,dic r(13)[5]. FISH test 

was performed using dual color probes for the RB1 gene at 

13q14 and the D13S1825 locus at 13q34 (Vysis Inc). Of the 

100 nuclei examined, 90% showed three signals for the RB1 

probe and one signal for the D13S1825 probe, 9% had one 

signal for both probes and 1% had five signals for the RB1 

probe and one signal for the D13S1825 probe; examination 

of fifteen metaphases noted two RB1 signals and no 

D13S1825 signal on the ring chromosome 13 in thirteen cells 

and a loss of ring chromosome 13 in two cells (Figure 1A-

1B). The FISH finding is denoted as: nuc ish 

(RB1x3,D13S1825x1)[90]/(RB1,D13S1825)x1[9]/(RB1x5,D

13S1825x1)[1] and ish r(13)(RB1x2,D13S1825x0)[13/15]. 

Oligonucleotide aCGH analysis using SurePrint G3 Human 

CGH 4x180K Oligo Microarray Kit (Agilent Technologies 

Inc, Santa Clara, CA) revealed an XX female with a 28.476 

Mb interstitial duplication of 13q14.11-q21.33 

(chr13:43,174,874-71,650,688) including genes from 

TNFSF11 to SCA8 and a 10.217 Mb distal deletion at 

13q33.2-q34 (chr13:104,887,988-115,105,297) including 

genes from DAOA to ZNF828 (Figure 1C). Chromosome 

and FISH analyses observed mitotic instability with a loss of 

the ring chromosome 13 in 7% of cultured metaphases and 

9% of interphase nuclei; aCGH and FISH results indicated 

that the chromosomally observed ring chromosome 13 

contains a large interstitial duplication and a distal deletion. 

 

 

 
 

Figure 1. Results from cytogenomic analyses. A: Chromosome analysis observed ring 13, dicentric ring 13 and 

monosomy 13 in 88%, 5% and 7% of metaphases; FISH analysis showed ring 13, dicentric ring 13 and monosomy 13 

in 90%, 1% and 9% of interphases. B: FISH analysis on metaphases showed two RB1 signals and no D13S1825 signal 

in the ring chromosome 13. C: aCGH reveals a 28.476 Mb duplication of 13q14.11-q21.33 (chr13:43,174,874-

71,650,688) and a 10.217 Mb deletion of 13q33.2-q34 (chr13:104,887,988-115,105,297).  
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Figure 2. Ring chromosome 13 classification and phenotype correlation. A: A heat map showing major clinical 

features associated with the three groups of ring chromosome 13. B: Deletions and duplications detected in ring 

chromosome 13 by genomic analysis. C: Critical intervals and potential candidate genes from defined 13q 

deletions and duplications. Open box: deletion; filled box: duplication. 

 

 

DISCUSSION 

The ring chromosome 13 had been classified into three 

groups based on the 13q breakpoints. The group I had 

breakpoints from 13q33 to 13q34. There were 14 cases in a 

previous review 5 and seven cases with detailed cytogenetic 

and clinical findings afterward.9,12,14,16,18,21,22 Of the 21 cases, 

80%-100% presented microcephaly, intellectual disability, 

growth retardation, and facial dysmorphisms of broad nasal 

bridge, epicanthus, hypertelorism, micrognathia and high 

arch   palate,   and   38%   had   genital   malformation    from  

 

microorchidism, bifid scrotum, hypospadias to penoscrotal 

transposition (Supplemental Table 1,* Figure 2A). One 

familial case with a stable ring chromosome 13 in the mother 

and her daughter showed microcephaly, delayed language 

and fine motor skills and unremarkable facial features.14 One 

case with monoallelic pattern at D13S259 (104.3 Mb at 

13q33.1) and biallelic D13S277 (106.2 Mb at 13q33.2) might 

involve multi breakpoints ring formation.9 Two recent cases 

had defined breakpoints at 104.8 Mb at 13q33.2.21,22 The 
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group II had breakpoints from 13q31 to 13q32. There were 

six reviewed cases and two more case reports.5-7 Of these 

eight cases, 80%-100% showed microcephaly, intellectual 

disability, facial dysmorphism, genital malformation and 

hand anomalies, and 50%-79% had growth retardation, 

hypotonia, imperforate anus, skeletal anomalies and toe 

anomalies (Supplemental Table 1,* Figure 2A-2B). The 

group III had breakpoints from 13q12 to 13q22. There were 

only three stillbirth cases with severe interuterine growth 

retardation, facial dysmorphisms, anencephaly, genital 

malformation and other anomalies (Supplemental Table 1,* 

Figure 2A).5 A heat map correlating clinical features with 

these three groups is shown in Figure 2. The present case 

with interstitial duplication and distal deletion in a ring 

chromosome 13 represents the group IV of ring chromosome 

13 involving complex rearrangement; its clinical features are 

due to the compound effects of the ring chromosome 

instability and the segmental trisomy and monosomy. This 

type of complex ring chromosome structure had been 

reported through genomic analysis of ring chromosome 21 

and a two- or three-step asymmetric breakage and fusion 

mechanism of ring formation was proposed.24 Additionally, 

other chromosomal structural variants included two cases 

showing a small ring chromosome of 13p11-q14 and a 

derivative chromosome 13 with duplicated 13q14-qter10,11 

and one case with a supernumerary neocentric ring of 

13q31.1-q32.3 derived from an interstitial 13q deletion.15 

Since the group III cases of simple ring chromosome 13 with 

breakpoints at 13q14 all ended with stillbirth, it seems that 

the coexistence of small ring chromosome of 13p11-q14 with 

a derivative chromosome of duplicated distal 13q had made it 

compatible with life. Prenatal cases of ring chromosome 13 

with sonographic detected anencephaly and 

holoprosencephaly have been reported.10,13 

 

The presence of segmental deletion and duplication within a 

constitutional ring chromosome and absence of genomic 

mapping of ring chromosome 13 for most of the previously 

reported cases likely explains the inaccuracy of disease 

classification and inconsistency of phenotypic findings. 

Clinical features were reviewed from cases with 13q 

segmental deletions and duplications defined by genomic 

analysis. Two reports with a series of cases of 13q deletions 

defined by BAC clone FISH and aCGH mapped critical 

intervals and potential haploinsufficient candidate genes.25,26 

Deletions containing the EFNB2 gene at 13q33.3 may be 

involved in eye malformations of microphthamia, coloboma 

and retinal dysplasia. The ZIC2 gene at 13q32.3 may be 

related to brain anomalies. The GPC5 gene at 13q31.3 may 

be associated with limb defect. The SPRY2 gene at 13q31.1 

may be involved in cataracts. The RB1 gene at 13q14.2 is a 

known risk factor for retinoblastoma. In contrast, only one 

case with an interstitial duplication of 13q21.3-q31.1 with 

milder intellectual disability and hyperactivity was reported 

in a three generation family with six affected patients.27 A 

deletion and duplication map of 13q is included in Figure 2c. 

Since the two male cases with defined breakpoints at 13q33.2 

showed genital anomalies but not heart defects,21,22 it is 

reasoned there may be haploinsufficient genes for male 

genital development. The familial case of interstitial 

duplication of 13q21.3-q31.1 showed no heart defect.27 

Therefore, the heart defect in our patient may be caused by 

triple-sensitive genes within 13q14.11-q21.3 (43-63 Mb). 

However, compound effects from the interstitial duplication 

and distal deletion cannot be ruled out. 

 

In summary, we present the first case of ring chromosome 13 

with a 28.476 Mb interstitial duplication of 13q14.11-q21.33 

and a 10.217 Mb distal deletion at 13q33.2-q34. This case 

likely represents a new group of ring chromosome 13. More 

clinical and cytogenomic studies are warranted to determine 

the relative frequency of different groups of ring 

chromosome 13 and their correlated phenotypes.   
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