Journal of Genetic Medicine 2011;8:119-124 - http://dx.doi.org/10.5734/JGM.2011.8.2.119 119
QA vlo]a2ojEo)B o4 EA|GAAL] FAMESATY 54

Sarelt) A golaEel ARAALe S Aol el ol At T et P

Bio|&' - R5t2% - 0|712° - Z0t2|0F - MSF'

(=3

Molecular Cytogenetic Characterization of Supernumerary
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Purpose: Supernumerary marker chromosome (SMC) could be associated with various phenotypic abnor-
malities based on the chromosomal origin of SMCs. The present study aimed to determine the genomic
contents of SMCs using chromosomal microarray and to analyze molecular cytogenetic characterizations
and clinical phenotypes in patients with SMCs.

Materials and Methods: Among patients with SMCs detected in routine chromosomal analysis, SMCs
originating from chromosome 15 were excluded from the present study. CGH—based oligonucleotide
chromosomal microarray was performed in 4 patients.

Results: The chromosomal origins of SMCs were identified in 3 patients. Case 1 had a SMC of 16.1 Mb
in 1q21.1—q23.3. Case 2 showed 21 Mb gain in 19p13.11—ql13.12. Case 3 had a 4.5 Mb—sized SMC
rearranged from 2 regions of 2.5 Mb in 22q11.1—ql11.21 and 2.0 Mb in 22q11.22—ql11.23.
Conclusion: Case 1 presented a wide range of phenotypic abnormalities including the phenotype of 1g21.1
duplication syndrome. In case 2, Asperger—like symptoms are apparently related to 19p12—ql3.11, hear-
ing problems and strabismus to 19p13.11 and other features to 19q13.12. Compared with cat—eye syn-
drome type I and 22q11.2 microduplication syndrome, anal atresia in case 3 is likely related to 22ql11.1—
qll.21 while other features are related to 22ql1.22—ql1.23. Analyzing SMCs using high—resolution
chromosomal microarray can help identify specific gene contents and to offer proper genetic counseling
by determining genotype—phenotype correlations.
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Table 1. Cytogenetic and Molecular Cytogenetic Characteristics of Patients with SMCs

No. of cases Age Sex Karyotypes Inheritance Chromosome loci Size of gain
1 15 days M 47 XY, +mar[9]/46,XY[11] de 1921.1-023.3 16.1 Mb
novo
2 20 years F 47 XX, +mar[15]/ n.a. 19p13.11-g13.12 21 Mb
48, XX, +2mar[9]/46,XX[6]

3 20 days F 47 XX, +mar n.a. 22qg11.1=q11.21 2.5 Mb
22q11.22—q11.23 2.0 Mb

4 40 days M 47 XY, +mar[14]/46,XY[11] n.a. n.d. -

n.a.; no data available, n.d.; not detected
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Fig. 1. Karyogram and chromosomal microarray analysis of case 1. (A) The patient had a SMC.
(B) Chromosomal microarray revealed a 16.1 Mb gain in 1g21.1—qg23. 3 (chr1:143,645,940—

159,778,722)
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Fig. 2. Karyogram and chromosomal microarray analysis of case 2. (A) The patient had 2 SMCs.
(B) Chromosomal microarray showed a 21 Mb gain in 19013.11—q13.12 (chr19:19,373,462—
40,386,604) including a high—level gain in 19012—q13.11 (chr19:23,924,855—-38,273,049), which
represents the genomic region of a smaller SMC.
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Fig. 3. Karyogram and chromosomal microarray analysis of case 3. (A) The patient had a SMC.
(B) Chromosomal microarray revealed a 2.5 Mb in 22g11.1—q11.21 (chr22:14,513,474—
17,031,614) and 2.0 Mb in 22g11.22—q11.23 (chr22:21,292,941—-23,326,964), respectively.
1 T AYEEA 28] AdEE 7s do] Sl ol sl
a =

A 1S4 22078 FISHR gRlo] Fesirt 1 A4
eHe] SMC= vl A A AZE o ARGl 89 thee.
2 E3W, el M= oA Bar) 9lrk 19211 Aejde]
A= k= 91241 1.35 Mbe] 577k 7H 1921.1 24
= S| gt 983} 88o) nuEe] 9lom” 1g21.2 F

B9 (OMIM 612475)0] 424 itk 1¢21.1—q21.3°14]
6.0 Mbe] SMCE 711 S| HaelME nide] dwz) vz,
5 I RS, A0k, HRe QlE O oIFHE

o, A-T170, B



O AH
=

=

| Ofo|=2=20{2[0|E Of

St BXIGMHO] EXMZRHSY S4

B A, A50E 5 4
2 1921.1—q21.3 ﬁlﬂol ohd 1q22—q23.3 771 dddo] 8l
74j F%t 1921.1—q23.3914 5.3 OMIM 22l
AR E HIV, GIA5, GIAS, FCGRIA, HPRP3, ECMI,
ADAMTSL4, CTSK, ARNT, MLLTI1, RFX5 FLG LOR,
TPM3, HAX1, CHRNBZ, ADAR, DPM3, GBA, PKLR, MAPBFIF,
SEMA4A, LMINA, PRCC, NTRKI, SPTA1, DARC, KCNJ10 &
o] Jlom e FHAS GAHA|, 3k AT
Agh A4 Fo] 9tk FEll ISCN (2009) o we} 47, XY, +
mar.arr 1g21.1923.3 (143,645,940—159,778,722)x3 dn®=
7128k 2= Q)i
82+ 19p13.11—-q13.129014 21 Mbe] F5-S HSl+=d|, &
ZElRk 22 2R 18.4 Mbe] SMC7} 19p12—ql13.1194] KL
% six}o] 749- o}l A FF 7t (Asperger syndrome) O & Rtk
T 73} oy e JﬂLngoqq@ 199 A7) ©eko 7 o]
~r01 SMCE 7K #zel|M= 552] A8 sAx1E Holal i
of 7xA ol 719 719, RS, A S8 TAES
Zb= 7o Rty 19p13.11—q13.128 OMIM 2l
QISR = NDUFALS, RGS9BP, SLC7AY9, CEBPA, PEPD,
GPL SCNIB7} §)om, o] -3z} ﬁ%bﬂ B ZWXW
Hah o, WA olek, I 51, JJH*“
°H AA| A, \e ot SIS
A=, AdEES, A ‘%%iﬁ%‘ i‘v:%%%
el AT, RS, BY, 8% o, dieuRs
50] Slrtk opde] Barsw) vl % , sE2e] 2EE F gl
&5 oA 19p12—ql3.11, XLOHQ} ARALE= 19p13.11,
71 9] S22 19q13.129] TrZ*XM o 7FsAde] =k FEi2e
ISCN (2009) | w2} 47 XX, +mar.arr 19p13.11q13.12 (19,
373,462—40,386,604)x3 0% 7|48 5= Q.
EAuREA A e SMC FollA] inv dup (15) Tho= 1l
57} 52 Zlo] inv dup (22) B4 BoEs% 7 (cat—eye syndrome,
CES, OMIM 115470) o] 921 = &4 Qlet a3 22q11.1—
ql1.21 77157} 22q11.22—q11.23 7310] A= ﬂiixl SMC
24, 22q11.1-q11.21 7RE HRISF" type 17 S5
o]V, 22q11.22—q11.23%= 22q11.2 U]H]T;E—T?(OMIM
608363) 2 Y92} U THEETE E‘L‘%‘T?& A AE &

0

kﬂ

1o,

ﬂl1

QME ARIE, WAk SHEE|H), Aul St o e Han A
718, A 7188 ZEuk AAYe] Fke- weke Ueh )% Sk

o A= 22q11.18) SFEo=w i%?—i
EEYo] Vet A% 2711gE BT
%\qq_l.%)

At 3217) 7139)
7 ghole] g 117} 9]

22q11.2 MNZESTTTO) BAHL RS, 20k,
TN, oPdEe] 7, A7) w22 e o et 4
2R, B, A, o] l<‘»‘H oo B oo 3 mEy
Q1 A A, T3 ate BT 8l 22q11.2 1]
Ale e el B9, %‘%ﬂﬂéﬂ% HSS type 1¢] 3l

ﬂ

Goh= 22q11.1—ql1.21, 11 9] T2 22q11.22—q11.23%
Aol A& Ao Alm Tk SE3L- ISCN (2009) ol w47,
XX,+mar.arr 22q11.1q11.21 (14,513,474—17,031,614)x3,
22q11.22q11.23(21,292,941-23,326,964)x3°.% 7|8
Qe

SMCi= o3t fzk Zhar 9lA] ko m @ 3ol
FH} A‘%ﬁ.@ Ql AL Gl A 07 FAThEIT) Slojolx] pzkg
52 Vi 7198t Zlolehr] Hrhs the {74} o]
, B SMCef| 28 f=2
T Y= uru'parental dlsomy 54/“0] oIS 7P E Q.
o] RSl 7155 it QA HARE AlEkA] &
7] wfiol] 7154 ool AE U SAle] Aj<ko]| v|X|= e
S BRI 4= Qlolrh 22q11.22] 0] 3dlell AA] ¥ Havt
Q'Y 7154 SMCPF oF 40%2 2pAake? 7154091 gl
Sh= AR 23 Zesitl SMCY 719e 9] S8l e
AAA| mo] AR o|Hlo)E Al8EE A3, Ak AP gAY
£ o]dPAAR o]Fo)r Aoz SMC7| R B3E ] 274
2 glQlo] opdS ule] Wl 5= glor g {4l Aol Tgo)] Ha,
3] 2 AAtell M= SMC7} sHbe 4 1832 5ol =42
Blo} ke WRIsh=t] 783 Folck
Aol s A wlo|F =z el E o]83)e SMC
sRIsk 4= L, F4A] dlolefwjo] el 11
FES vl ZARTOZH 7—} %eﬂ~4 BANZFASH &
AR oM, FrgEel 2

7[“-9_ %
B e HARAE B0 576541 FAAeRIGA R
7% APAI A (A080588—2) 2] AL o7 o]Fol 5.



124

< - Eofziof - NSF

=

=]

Ju

Ho

2% 129384 (supernumerary marker chromosome, SMC)
= Frefst Qo] weba i o] vhekehth 2 A 94
A vlolAZolg o] o]g3lo] SMC2] 719S W51 7 Salnc}
AP S A ) 1S A8kt sisik

CHAS 3 S d ) ZatellA] SMCP7E AR 32k SellA
159 A FEE ALIeE 4789 $Alelld] CGH 73] Sl
TEULEE G4 mlo]azolwlo]E AT

Ak 3789 SAtellA e GA F91E SRS S Sl
Sl 1921.1-q23.3914 16.1 Mbe] SMCE 7HlaL, @2
19p13.11—q13.129014 21 Mb, Fu32 22q11.1—ql11.21%}
22q11.22—q11.232] 7 1ol 2H2F 2.5 Mbs} 2.0 MbE Al
AH 4.5 Mbe] SMCE HERAISITE

AR el 19211 TESFE o] ee
18-S LeRiic) Se2E ol A S50t fASE galE
& 2738 19p12—q13.11, FEZoNe} A= 19p13.11, 1
32 19913.129] F3dxke) A3t 7FsAdo] =) S| 32 1
T type T 9 22q11.2 VAISES S0 Hlw S ) 7
= 22q11.1—ql1.21, 1 9] S35 22q11.22—q11.23% A
WIS ARBIGIEE TP A wlo] A2 ef#lo] 1412 SMC
o] FEE ERIT = 9l FE-2dY IS oleigeEA

RVl Sol wlok

H

e

o
o ot f

L“
£

X o

e}

References

1) Belien V, Gerard—Blanluet M, Serero S, Le Du N, Baumann
C, Jacquemont ML, et al. Partial trisomy of chromosome
22 resulting from a supernumerary marker chromosome
22 in a child with features of cat eye syndrome. Am J
Med Genet A 2008;146A:1871—4.

2) Liehr T, Claussen U, Starke H. Small supernumerary marker
chromosomes (sSMC) in humans. Cytogenet Genome Res
2004,107:55—67.

3) Faucz FR, Souza J, Bonalumi Filho A, Sotomaior VS, Frantz
E, Antoniuk S, et al. Mosaic partial trisomy 19p12—ql13.11
due to a small supernumerary marker chromosome: a locus
associated with Asperger syndrome? Am J Med Genet A
2011;155A:2308—-10.

4) Crolla JA. FISH and molecular studies of autosomal super-
numerary marker chromosomes excluding those derived
from chromosome 15: II. Review of the literature. Am J

5)

6)

7

8

9

10)

11

12)

13

14)

15)

16)

Med Genet 1998;75:367—81.

Breen CJ, Barton L, Carey A, Dunlop A, Glancy M, Hall
K, et al. Applications of comparative genomic hybridisation
in constitutional chromosome studies. J Med Genet 1999;
36:511-7.

Dupont C, Pipiras E, Chantot—Bastaraud S, Verloes A,
Baumann C, Wolf JP, et al. CGH and direct diagnosis of
mosaic structural chromosomal abnormalities: description
of a mosaic ring chromosome 17 and review of the litera-
ture. Eur J Hum Genet 2003;11:452—6.

Sheth F, Andrieux J, Ewers E, Kosyakova N, Weise A,
Sheth H, et al. Characterization of sSMC by FISH and
molecular techniques. Eur J Med Genet 2011;54:247-55.
Seo EJ. Clinical Applications of Chromosomal Microarray
Analysis. J Genet Med 2010;7:111-8.

Mefford HC, Sharp AJ, Baker C, Itsara A, Jiang Z, Buysse
K, et al. Recurrent rearrangements of chromosome 1g21.1
and variable pediatric phenotypes. N Engl J Med 2008;
359:1685—99.

Barbi G, Spaich C, Adolph S, Rossier E, Kehrer—Sawatzki
H. Supernumerary der(1) marker chromosome derived
from a ring chromosome 1 which has retained the original
centromere and euchromatin from 1q21.1 ——> q21.3 with
substantial loss of 1q12 heterochromatin in a female with
dysmorphic features and psychomotoric developmental
delay. Am J Med Genet A 2005;132:419—24.

Shaffer LG, Slovak ML, Campbell LJ. An Internation Sys-
tem for Human Cytogenetic Nomenclature (2009) Karger,
2009;121-8.

Vranekovic J, Brajenovic—Milic B, Modrusan—Mozetic Z,
Babic I, Kapovic M. Severe psychomotor retardation in
a boy with a small supernumerary marker chromosome
19p. Cytogenet Genome Res 2008;121:298—-301.

Ko JM, Kim JB, Pai KS, Yun JN, Park SJ. Partial tetrasomy
of chromosome 22q11.1 resulting from a supernumerary
isodicentric marker chromosome in a boy with cat—eye
syndrome. J Korean Med Sci 2010;25:1798—-801.
Wentzel C, Fernstrom M, Ohrner Y, Anneren G, Thures-
son AC. Clinical variability of the 22ql11.2 duplication
syndrome. Eur J Med Genet 2008;51:501—10.

Liehr T, Ewers E, Hamid AB, Kosyakova N, Voigt M, Weise
A, et al. Small supernumerary marker chromosomes and
uniparental disomy have a story to tell. J Histochem Cyto-
chem 2011;59:842—-8.

Yu S, Cox K, Friend K, Smith S, Buchheim R, Bain S, et
al. Familial 22q11.2 duplication: a three—generation family
with a 3—Mb duplication and a familial 1.5—Mb duplication.
Clin Genet 2008;73:160—4.



