
INTRODUCTION

Partial trisomy 1q syndrome is a rare chromosomal abnor-
mality, arising in most cases from a parental balanced translo-
cation with partial monosomy of other autosomes. De novo
translocation, duplication or insertion has also been reported
(1, 2). To date, two major partial trisomy 1q syndromes with
regard to the breakpoint localization have been described,
1q32-qter and 1q42-qter (3), with the former described as
“proximal partial trisomy” and the latter as “distal partial tri-
somy 1q” (2). Although several cases of pure proximal partial
trisomy 1q have been reported (4, 5), distal partial trisomy
1q syndromes are frequently accompanied by other chromo-
some aberrations, making the definition of a phenotype dif-
ficult. However, individuals with partial trisomy 1q42-qter,
combined with small deletions of telomeric segments of var-
ious autosomes, showed a milder phenotype than those with
partial trisomy 1q32-qter (2, 6-8).

We have utilized array comparative genome hybridization
(CGH) to delineate a nearly pure trisomy 1q41-qter that show-
ed a trisomy 1q42-like phenotype, and we characterized the
breakpoints in detail.

CASE REPORT

The proband was a 6-month-old male child born to a non-
consanguineous, phenotypically normal couple. He was born
at 39 weeks of gestation by cesarian section with a birth
weight of 2,820 grams. At the age of 6 months, his weight
was 5.6 kg (<3rd percentile), his height was 63 cm (<3rd
percentile), and his head circumference was 46 cm (90th
percentile). He showed poor growth and development, in-
cluding absence of social smiling and maternal recognition
at the age of 12 months. Mild dysmorphic features were
present in Table 1. Echocardiography, electromyography,
hematological and biochemical tests for renal and liver func-
tion showed no abnormalities, and screening for inborn errors
of metabolism was normal.

Conventional cytogenetic analysis of the proband revealed
an abnormal male karyotype, 46,XY,der(11)t(1;11)(q41;
p15.5) (Fig. 1). The proband’s mother and sister had the same
balanced karyotype, 46,XX,t(1;11)(q41;p15.5) with a nor-
mal phenotype.

Further characterization of the size and boundaries of the
cytogenetic abnormalities of the proband was carried out by
array CGH. Genomic DNA was extracted from peripheral
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Partial Trisomy 1q41 Syndrome Delineated by Whole Genomic Array
Comparative Genome Hybridization

Partial trisomy 1q syndrome is a rare chromosomal abnormality. We report on a male
infant with 46,XY,der(11)t(1;11)(q41;p15.5) due to unbalanced segregation of the
maternal reciprocal balanced translocation 46,XX,t(1;11)(q41;p15.5). The baby pre-
sented with a mild phenotype, characterized by a triangular face, almond-shaped
eyes, low ears, short stature with relatively long legs, and mild psychomotor retar-
dation. We utilized whole genomic array comparative genome hybridization (CGH)
with 4,000 selected bacterial artificial chromosomes (BACs) to define the chromo-
somal breakpoints and to delineate the extent of the partial trisomy in more detail.
To our knowledge, this is the first case of nearly pure “partial trisomy 1q41” defined
by whole genomic array CGH.
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blood using QIAamp DNA Micro kit (Qiagen, Hilden, Ger-
many). The arrays (MacArray Karyo4000 from Macrogen,
Seoul, Korea) were consisted of 4,000 human bacterial artifi-
cial chromosomes (BACs), spaced approximately 1 Mb across
the whole genome, with each BAC clone spotted in duplicate.
Labeling and hybridization were performed as described (9).
Arrays were scanned on a GENEPIX4200A two-color fluo-
rescent scanner (Axon Instruments, Union City, CA, U.S.A.).
The log2-transformed fluorescence ratios were calculated from
median intensity values, after subtracting for background, and
normalized according to the intensity normalization method.
Chromosomal aberrations were categorized as a gain or loss
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Verschuuren-Bemelmans
et al. distal trisomy
1q and monosomy

15p11-pter (7)

Chia et al. distal Concolino et al. Emberger et al. Present case
trisomy 1q and distal trisomy 1q distal 1q and Trisomy 1q41, and

monosomy and monosomy monosomy monosomy
22p12-p11 (6) 8p23.3-pter (8) 8p23.3-pter (2) 11p15.5-pter

Clinical findings

Case 1 Case 2

Prenatal growth retardation + + + - + -
Macrocephaly + + + + + +
Large fontanelles + - + + + -
Widely spaced sutures + - - + + -
Prominent forehead + + + + + +
Facial capillary nevi - - + + - -
Downslanting palpebral fissures + + - + + -
Flat nasal bridge - - + - - +
Low-set ears - - + - + +
Micro/retrognathia + + + + + +
Psychomotor retardation + + - + + +
Cardiac defect - - + - - -
Urogenital abnormalities - - - - - -

Table 1. Clinical findings of distal trisomy 1q combined with minor deletions

Fig. 1. Karyotype of the proband’s mother (A) and the proband (B).

Fig. 2. Ratio plots from array data for chromosomes 1 and 11 of the proband. Each ratio plot is the average of normalized data from two
independent arrays. Normalized data from the array in which the test sample was labeled with Cy3 is shown in red while that with Cy5 is
shown in blue. (A) Chromosome 1, showing a contiguous duplication on the q-arm. (B) Chromosome 11, showing two-clone deletions of
BAC_1341 and BAC_5807 on the p-arm (arrow). The duplicated signals by array CGH in 11q12.2 were considered as copy-number vari-
ations because the same signals were also present in the array CGH of proband’s mother (arrowhead).
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when the normalized log2 transformed fluorescence ratio was
outside the range 0.25 to -0.25. These two threshold values
were chosen by selecting a 3SD (standard deviation) value
calculated from 30 normal male to normal female hybridiza-
tion experiments.

The array CGH for the proband revealed that the breakpoint
of a contiguous duplication on the long arm of chromosome
1 was located in 1q41 band (Fig. 2). We also observed two
BAC clone deletions on the short arm (11p15.5) of chromo-
some 11 (Fig. 2).

To confirm the gain and loss predicted by the array CGH,
fluorescence in situ hybridization (FISH) analysis was per-
formed and the array CGH analysis of proband’s mother was
also done in order to exclude the copy- number variations

showed by the array CGH results of the proband. BAC clones
(Macrogen, Seoul, Korea) for FISH analysis included BAC_
4527 (position start and end number; 219935200-22001-
7617) proximal to, and BAC_7952 (220560043-22066-
0043) distal to the break region of 1q41 predicted by the
array CGH. BAC_1341 (202674-299580) and BAC_ 5807
(257732-338908) were used for the deletion of 11p15.5
predicted by the array CGH. Additionally, FISH with BAC_
4069 (238256420-238340569) was carried out to confirm
whether it is a continuous duplication or two separated dupli-
cations around 1q43 that showed no duplication pattern by
the array CGH. At least twenty metaphase and 200 inter-
phase preparations were scored for each hybridization.

FISH analysis confirmed the breakpoint of a contiguous
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Fig. 3. FISH analysis using BAC probes. (A) BAC_4527 (red; proxi-
mal to the interval) and BAC_7952 (green) showing translocation
break region of 1q41. (B) 1q43 probe (red, BAC_4069) showed intact
signals (a continuous gene rearrangement at 1q41-qter) implicat-
ing that no duplication pattern around at 1q43 of the array CGH result
was false. (C) BAC_1341 and BAC_5807 (red; distal to the deletion
boundary of 11p15.5) were showed a red signal loss of der(11), which
confirmed the deletion pattern by the array CGH.
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duplication on the long arm of chromosome 1 was located
between BAC_4527 and BAC_7952 (more proximal to the
BAC_4555) (Fig. 3A). Additionally, the skipped duplica-
tion pattern by the array CGH around at 1q43 region was
proved to be false by FISH with 1q43 probe (Fig. 3B). The
deletion of 11p15.5 predicted by the array CGH was also
confirmed by FISH (Fig. 3C).

DISCUSSION

The clinical phenotypes of partial trisomy 1q syndrome vary
widely, due to the different breakpoints on chromosome 1 and
the extent of the monosomic segment of the involved auto-
somes. Partial trisomy 1q syndrome can be classified accord-
ing to breakpoint position as 1q32-qter or 1q42-qter (2, 3).
Duplication of 1q42-qter with no other involved chromosome
usually presents as a mild phenotype, which may include
macrocephaly with wide fontanelles, flat nasal bridge, low-set
ears, facial capillary nevi, growth retardation, and develop-
mental delay (2, 8). Partial trisomy 1q32 syndrome, howev-
er, is usually characterized by more severe phenotypes, includ-
ing urogenital anomalies and severe cardiac defects (3).

The patient described here, with partial trisomy 1q syndrome
and a mild phenotype, showed phenotypic similarities to pure
partial trisomy 1q42 syndrome, due to the minimal involve-
ment of chromosome 11, in only the distal telemetric region
(Table 1). The deleted region of 11p15.5 in this case showing
two-clone deletions of BAC_1341 and BAC_5807 by the array
CGH included following genes; RIC8A, SIRT3, PSMD13,
COX8B, NALP6, ATHL1, MRPS24P1, NALP6, ATHL1,
MRPS24P1, IFITM1, IFITM2, and IFITM3. None of these
genes are known to be related to the clinical abnormal phe-
notypes. The critical genes for well-known genetic diseases
such as hyperproinsulinemia (OMIM+176730), maturity-
onset diabetes of the young, type I (OMIM #125850), Beck-
with-Wiedemann syndrome (OMIM #130650) and heredi-
tary adenocortical carcinoma (OMIM #202300) were located
in much more proximal from the deleted region of this case
and these genes were not involved.

The array CGH showed that the partial trisomy 1q syn-
drome in our patient had nearly the same breakpoint as the
first partial trisomy 1q41-qter case reported. The marker
D1S2439 in sub-band 1q41 was reported to be critical for
the presence of urogenital abnormalities (2). This D1S2439
is located between BAC_4527 (219935200-220017617, the
most distal marker; MFD255) and BAC_4555 (221038499-
221109556, the most proximal marker SHGC-78488) of
1q41 of our case. The FISH probes made of BAC_4527 and
BAC_7952 which included D1S2439 and BAC_4555 con-
firmed the breakpoint predicted by the array CGH and the
urogenital abnormalities were not found in our case. There-
fore, the breakpoint in a severe form of partial trisomy 1q syn-
drome (so called, proximal partial trisomy 1q syndrome) is

expected to be located more proximal to D1S2439. Howev-
er, with the exception of our case and that of Emberger et al.,
we could hardly find studies that had utilized molecular tech-
niques such as FISH or array CGH to identify the exact break-
point of distal trisomy 1q syndrome (6, 8).

To our knowledge, this is the first case of partial trisomy
1q41 syndrome in which whole genome array CGH was used
to identify other submicroscopic deletions or duplications over
the entire genome. Use of array CGH to define the break-
point may be time-saving and cost-effective compared with
using multiple FISH probes. The reproducibility and the
accuracy of array CGH relative to FISH and real-time PCR
methods have been validated (10, 11). Array-based CGH has
become a powerful method to detect and analyze genomic
imbalances that are not detected at the level of high resolu-
tion banded karyotype analysis.

ACKNOWLEDGMENTS

We thank the proband and his family for their support of
this study. We are grateful to Jeong-Yei Lee for technical sup-
port.

REFERENCES

1. Rasmussen SA, Frias JL, Lafer CZ, Eunpu DL, Zackai EH. Partial
duplication 1q: report of four patients and review of the literature.
Am J Med Genet 1990; 36: 137-43.

2. Emberger W, Petek E, Kroisel PM, Zierler H, Wagner K. Clinical
and molecular cytogenetic characterization of two patients with par-
tial trisomy 1q41-qter: further delineation of partial trisomy 1q syn-
drome. Am J Med Genet 2001; 104: 312-8.

3. DuPont BR, Huff RW, Ridgway LE, Stratton RF, Moore CM. Pre-
natal diagnosis of partial trisomy 1q using fluorescent in situ hybridiza-
tion. Am J Med Genet 1994; 50: 21-7.

4. Clark BJ, Lowther GW, Lee WR. Congenital ocular defects associ-
ated with an abnormality of the human chromosome 1: trisomy 1q32-
qter. J Pediatr Ophthalmol Strabismus 1994; 31: 41-5.

5. Duba HC, Erdel M, Loffler J, Bereuther L, Fischer H, Utermann B,
Utermann G. Detection of a de novo duplication of 1q32-qter by flu-
orescence in situ hybridisation in a boy with multiple malformations:
further delineation of the trisomy 1q syndrome. J Med Genet 1997;
34: 309-13.

6. Chia NL, Bousfield LR, Poon CC, Trudinger BJ. Trisomy (1q)(q42----
qter): confirmation of a syndrome. Clin Genet 1988; 34: 224-9.

7. Verschuuren-Bemelmans CC, Leegte B, Hodenius TM, Cobben JM.
Trisomy 1q42 --> qter in a sister and brother: further delineation of
the “trisomy 1q42 --> qter syndrome”. Am J Med Genet 1995; 58:
83-6.

8. Concolino D, Cinti R, Ferraro L, Moricca MT, Strisciuglio P. Partial
trisomy 1(q42-->qter): a new case with a mild phenotype. J Med Genet
1998; 35: 75-7.

1100 Y.B. Shin, S.O. Nam, E.-J. Seo, et al.



9. Pinkel D, Albertson DG. Comparative genomic hybridization. Annu
Rev Genomics Hum Genet 2005; 6: 331-54.

10. Moon HJ, Yim SV, Lee WK, Jeon YW, Kim YH, Ko YJ, Lee KS,
Lee KH, Han SI, Rha HK. Identification of DNA copy-number aber-
rations by array-comparative genomic hybridization in patients with

schizophrenia. Biochem Biophys Res Commun 2006; 344: 531-9.
11. Park SJ, Jeong SY, Kim HJ. Y chromosome loss and other genomic

alterations in hepatocellular carcinoma cell lines analyzed by CGH
and CGH array. Cancer Genet Cytogenet 2006; 166: 56-64.

Partial Trisomy 1q41 Syndrome 1101


