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Case Report

Smallest critical region for microcephaly in 
a patient with mosaic ring chromosome 13
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ABSTRACT. A ring chromosome 13 or r(13) exhibits breakage and 
reunion at breakage points on the long and short arms of chromosome 
13, with deletions of the chromosomal segments distal to the breakage 
points. The r(13) chromosome accounts for approximately 20% of 
ring chromosomes compatible with life. We describe a female patient 
with mental retardation, growth retardation, microcephaly, craniofacial 
dysmorphy, hearing impairment, and prolonged prothrombin time. 
Chromosomal analysis via GTG banding of peripheral blood lymphocy
tes revealed a karyotype of 46,XX,r(13)(p13q34)[71]/45,XX,-13[12]/ 
46,XX,dic r(13;13)(p13q34;p13q34)[9]/46,XX,-13,+mar[5]/47, XX,+r(13)
(p13q34)×2[2]/46,XX[1] at the age of 6 years and 46,XX,r(13)(p13q34)
[82]/45,XX,-13[14]/46,XX,dic r(13;13)(p13q34; p13q34)[2]/46,XX,
-13,+mar[2]. Array comparative genomic hybridization analysis of the 
blood demonstrated a 4.37-Mb deletion on chromosome 13q [arr 
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cgh 13q34q34(109,743,729-144,110,721)]. A cytogenetic study of 
peripheral blood revealed a rare chromosomal abnormality associated 
with different cell lines that included structural and numerical 
abnormalities of chromosome 13. This case, along with 14 previously 
reported cases, indicate that the smallest critical region for chromosome 
13 microcephaly is 109,743,729-144,110,721.

Key words: Array comparative genomic hybridization; Microcephaly; 
Mosaic ring chromosome; Ring chromosome 13 duplication/deletion; 
Hearing impairment; Prolonged prothrombin time

INTRODUCTION

Microcephaly is relatively common among developmentally delayed children. Four 
single etiologic genes have been identified. Microcephaly is also associated with at least 7 loci 
(Kinsman and Johnston, 2011) and is commonly observed in ring chromosome 13, or r(13) 
(Brandt et al., 1992; Bedoyan et al., 2004). Ring chromosomes arise through fusion of the 
telomeric ends or both arms of a chromosome at their breakage points with loss of distal ends. 
r(13) occurs in approximately 1/58,000 live births and is more prevalent in females (60:40). 
The clinical picture of many r(13) cases is influenced by the stability of the ring and can be 
similar to or more severe than that in terminal deletions of segments of 13q. The 13q deletion 
syndrome is caused by deletions including 13q13, 13q14, 13q22, 13q32, 13q33, and 13q34 
(Brandt et al., 1992; Mathijssen et al., 2005; Kirchhoff et al., 2009). The current classification 
is based on the position of chromosomal breakage and fusion. Intellectual disability (mental 
retardation) and growth deficiency are common in both group 1 (deletions are proximal to 
13q32) and group 2 (deletions include q32) (Liao et al., 2011). Common symptoms of group 3 
(breakage points in 13q33 and 13q34) include marked intellectual disability, growth delay, and 
dysmorphic facial features (Liao et al., 2011). Other malformations may involve the limbs, 
brain, eye, kidney, or heart. In addition, an r(13q34) has been mapped to the F7 gene encod-
ing hematological factor VII (FVII) and the F10 gene encoding FX on distal chromosome 
13q34 (Kasai et al., 1989). The levels of FVII and FX in r(13) patients are usually 50% of 
normal diploid concentrations (Kasai et al., 1989) and have minimal effects on clotting times 
(Walczak-Sztulpa et al., 2008).

Chromosome mosaicism is the result of a postzygotic event (Golabi et al., 2010) and 
involves several distinct cell lines. Herein, we describe a girl with psychomotor disability, 
distinct facial features, prolonged prothrombin time, and hearing loss. A cytogenetic study of 
peripheral blood revealed a rare chromosomal abnormality associated with different cell lines 
that included structural and numeric abnormalities of chromosome 13.

CASE REPORT

The proposita was born full term to a 25-year-old (gravida 3) Taiwanese woman with 
no known history of diabetes, hypertension, illness, infection, or teratogen. The birth weight 
(2060 g) and length (44 cm) were below the third percentile. The female baby was small 
for her gestational age and had respiratory distress but no additional perinatal complications. 
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Monitoring of developmental milestones through occipitofrontal head circumference began at 
18 months at a neurologic clinic. The child was able to sit at 1.3 years and walk without sup-
port at 2 years. Her significant delay in speech development prompted an auditory examina-
tion that revealed conductive hearing loss of 50 dB. She had amblyopia and hypermetropia.

The girl was referred to our pediatric genetic clinic for evaluation because of psycho-
motor delay and short stature at the age of 6 years. She had intellectual disability and cranio-
facial dysmorphisms including microcephaly, a narrow and sloping forehead, downslanting 
eyebrows, epicanthal folds, hypertelorism, malformed ears, small mandible, short philtrum, 
and opening mouth (Figure 1). Additionally, she had small hands and club feet. Her height was 
107 cm (third percentile), and her weight was 19 kg, which was between the 25th and 50th 
percentile. Bone age determined from a radiograph of the left hand and wrist according to the 
standards of Greulich and Pyle (1959) was 4 years. A whole-spine survey revealed scoliosis 
along the thoracic to lumbar spine. A magnetic resonance imaging scan of the brain revealed 
bilateral leukomalacia. Sonograms of the heart, kidney, and liver revealed normal structures. 
Her verbal IQ (65), performance IQ (58), and functional IQ (58) were low.

Figure 1. Photo of the patient showing microcephaly, a narrow and sloping forehead, downslanting eyebrow, 
epicanthic folds, hypertelorism, malformed ears, small mandible, short philtrum, and open mouth.

Frequent nasal bleeding, snoring, and sleeping problems at age 13 prompted a referral 
to an ear, nose, and throat clinic for tonsilectomy. The patient had a prolonged prothrombin 
time of 13.7 s compared with the normal range of 8.0-12.0 s. The activated partial thrombo-
plastin time of 34.9 s and bleeding time of 1 min were normal. Her menarche began at 14.5 
years and was normal. Written consent from parents was obtained.
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GTG banding was performed on 100 metaphases from peripheral blood at 6 and 14 
years of age. Array comparative genomic hybridization (aCGH) was performed on peripheral 
blood mononuclear cells using CytochipTM Oligo (Blue Gnome, Cambridge, UK) according 
to manufacturer instructions, and the chip was scanned with a high-resolution scanner at 5 mm 
for quantitative analysis. Quality assessment was based on the median absolute pairwise dif-
ference of each chip.

Chromosomal analysis through GTG banding of the blood at age 6 years showed 
46,XX,r(13)(p13q34)[71]/45,XX,-13[12]/46,XX,dic r(13;13)(p13q34;p13q34)[9]/46,XX,-13,
+mar[5]/47,XX,+r(13)(p13q34)×2[2]/46,XX[1]. A second chromosomal analysis via GTG 
banding of peripheral blood mononuclear cells at 14 years was comparable: 46,XX,r(13)
(p13q34)[82]/45,XX,-13[14]/46,XX,dic r(13;13)(p13q34;p13q34)[2]/46,XX,-13,+mar[2] (Fig-
ure 2). Chromosome 13 in the peripheral blood mononuclear cells showed mosaicism, which 
included r(13) (82%), monosomy chromosome 13 (14%), dicentric chromosome 13(2%), 
and chromosome 13 mar (2%). Oligonucleotide-based aCGH analysis of the blood using 
CytochipTM Oligo (Blue Gnome) demonstrated a 4.37-Mb deletion at chromosome 13q (arr 
cgh 13q34q34[109,743,729-144,110,721]×1) (Figure 3). This deletion was located in the 
13q34-qter and deleted the following genes: COL4A1, COL4A2, RAB20, CARKD, CARS2, 
ING1, ANKRD10, ARHGEF7, C13orf76, SOX1, C13orf28, TUBGCP3, ATPI1A, MCF2L, 
F7, F10, PROZ, PCID2, CUL4A, LAMP1, GRTP1, ADPRHL1, DCUNID2, TMCO3, TFDP1, 
ATP4B, GRK1, GAS6, FAM70B, RASA3, CDC16, UPF3A, and ZNF828. The karyotypes of 
both parents were normal.

Figure 2. Karyotype of the 6-year-old patient by GTG banding of the peripheral blood showed mosaicism on 
chromosome 13. The ring chr13 (82%), chr13q34 deletion, chr 13 trisomy (2%), and chr 13 mar (2%) comprised 
the mosaicism.
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DISCUSSION

Features of r(13) include intellectual disability, facial dysmorphisms, microcephaly, 
and hypertelorism. Clinical features of r(chr13) cases are summarized in Table 1. We have 
demonstrated the usefulness of aCGH for prenatal detection of microdeletions and unbalanced 
translocation (Chen et al., 2009a,b). We have also demonstrated the utility of aCGH in the 
determination of breakage points in a ring chromosome 18, which comprises the majority of 
mosaicism (Chen et al., 2010). In an analogous manner, aCGH detected a 4.37-Mb 13q micro-
deletion in this r(13) case. However, aCGH was unable to detect the low-level mosaicism for 
disomy 13, r(13) duplication, and r(13) deletion in this case.

Although F7 and F10 were deleted, the low prothrombin time in this case was unex-
pected because most patients with r(13)q produce sufficient levels of FVII and FX with the 
unaffected chromosome 13 (Walczak-Sztulpa et al., 2008). In agreement with our case, Kuro-
sawa et al. (2009) have described a female infant with a 13q32 deletion and 25% levels of FVII 
and FX. It is feasible that additional mutations in the intact chromosome 13 may affect FVII 
and FX production or clotting efficiency. The patient described herein also displayed hearing 
loss, which has been observed in another r(13) patient (Liao et al., 2011), in a patient with 
chromosome 13 disomy (Yan et al., 2007), and in 2 of 13 patients with chromosome 13 dele-
tions (Kirchhoff et al., 2009). Adding our case to those described by Kirchhoff et al. (2009), 
the minimal critical deletion for microcephaly is 13q34.

Figure 3. aCGH revealed a 4.37-Mb deletion at chr13q34.
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In summary, patients with 13q34 deletions have craniofacial abnormalities and psy-
chomotor retardation as well as other specific anomalies, including those of the eyes, ear, 
limbs, and coagulation factors. We suggest careful evaluation of multiple organs for early 
management. In addition, patients with normal reproductive ability should be counseled about 
the possibility of transmission to the next generation. Our case, along with the 14 cases de-
scribed by Kirchhoff et al. (2009), narrows the critical region for microcephaly to 13q34.
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Clinical features	 Brandt et al., 1992	 Bedoyan et al., 2004	 Liao et al., 2011	 Patient in this report
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