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The presence of marker chromosomes in the human karyotype always requires a special diagnostic approach.
Determination of the marker chromosome type and structure is of great diagnostic and prognostic importance.
There are several methods of marker chromosomes identification, which differ in their informative value. The
paper presents the results of cytogenetic and FISH diagnostics of supernumerical marker chromosomes (SMC)
in patients’ karyotype. Aim. To analyze the results of the cytogenetic and molecular cytogenetic diagnostics
for patients with marker chromosomes, and to evaluate and compare the efficiency of the methods used.
Methods. Karyotyping was done according to the standard methods. GTG, CBG, QFQ and NOR-Ag methods
of differential staining were used. FISH was performed according to the manufacturer’s instructions for CEP,
LSI and WCP DNA-probes. Results. Marker chromosome was found in 15 of 7989 patients. Application of
standard staining methods was effective in 66.6 % of cases. Combination of differential staining and FISH
allowed identifying a marker chromosome in 83.3 %. 90 % of all marker chromosomes were identified as
isochromosomes and 60 % of them were derivative from chromosome 15. Conclusions. The use of WCP
probes is a main step in the marker chromosome identification with further application of CEP/LSI probes.
If a marker chromosome has nonspecific DNA sequences more sensitive methods should be used.

Keywords: molecular cytogenetic diagnostics, marker chromosome, DNA probes

The overall frequency distribution of supernumeri-
cal marker chromosomes (SMC) ranges from 0.65 to
1.5 in 1000 according to the published data [1]. The
risk of having a child with abnormalities for the car-
riers of marker chromosomes depends on the group
of chromosomes involved in the SMC formation,
cellular mosaicism, and the euchromatin sequences
presence. The most common SMC arise from acro-
centric chromosomes (about 80 %), about 60 % of
which are chromosome 15 derivatives [2]. The study
was aimed at comparing and evaluating several clas-
sical cytogenetics and fluorescence in situ hybridiza-

tion (FISH) methods of identifying the small super-
numerical marker chromosomes.

Materials and Methods

Cultivation methods

Cytogenetic diagnosis was performed on the meta-
phase chromosomes samples of human peripheral
blood lymphocytes. Cultivation of lymphocytes was
carried out by the semi-micro method followed by
application of metaphase chromosomes preparation
standard protocols [3]. 5 ml of RPMI cell culture
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media (Gibco, USA) were used for the human pe-
ripheral blood lymphocytes cultivation. The phyto-
hemaglutinin (Gibco, USA) was added to induce
lymphocytes mitotic activity. After 72 hours, col-
cemid (Gibco, USA) was added to the culture to stop
mitosis at the metaphase stage. Hypotonic treatment
of the sample was carried out using 0.075 M KCIl.
The cell suspensions were fixed by adding ethanol-
acetic acid (3:1 v/v).

Staining method

A number of differential staining techniques were
used for cytogenetic analysis of lymphocyte meta-
phase plates: GTG (G-bands by trypsin using
Giemsa), CBG (C-bands by barium hydroxide us-
ing Giemsa), QFQ (Q-bands by fluorescence using
quinacrine), NOR -Ag (Nuclear Organizer Region
staining by AgNo,) [4]. The coding system consists
of three letters, and usually includes the main meth-
od of painting, chromosome pretreatment agent and
name of the dye. The structures motifs along the
chromosomes are called G-, C-, Q- bands accord-
ing to the type of staining. GTG staining results in
dark bands which correspond to heterochromatin
and light bands consisting of euchromatin. G-bands
have brighter fluorescence in QFQ method of stain-
ing. CBG technique allows detecting constitutional
chromosome centromeric heterochromatin by satu-
rated barium hydroxide solution pretreatment fol-
lowed by incubation in 2xSSC 60°C buffer with
Giemsa dye staining. CBG stained chromosomes
look very pale. Centromeric heterochromatin is
built of repetitive DNA sequences and forms the
so-called satellite DNA which is intensely color-
ized. NOR-Ag is used to identify satellites on the
short arm of acrocentric human chromosomes (13,
14, 15, 21, 22).

Fluorescence in situ hybridization

FISH was performed according to the manufactur-
er’s instructions using DNA probes for specific parts
of chromosomes: CEP (Chromosome Enumeration
Probe, Abbot, USA) — centromeric probes, LSI
(Locus Specific Identifier, Abbot, USA) - locus spe-
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cific probes and WCP (Whole Cromosome Painting
CytoCell, UK) probes.

Interpretation and analyzing

A CytoVision software (Applied Imaging, USA)
was used to analyze chromosomes and hybridization
signals. Interpretation of karyotypes was done in ac-
cordance with the international classification system
of human chromosomes ISCN 2013 (International
System for Human Cytogenetic Nomenclature
2013) [5]

Results and Discussion

7989 patients had been tested during the period from
2012 to 2015. SMC were found in 15 patients. The
rate of 1.8 per 1,000 cases is consistent with the lit-
erature [6]. 7 of these karyotypes were mosaic
(53 %) and SMC were detected in 3 children aged
from 1 to 3 years who underwent cytogenetic diag-
nostics with indications: delayed physical and men-
tal development, muscle hypotonia, embryogenesis
stigmas.

To clarify the composition and origin of SMC, an
additional methods CBG, QFQ, NOR-Ag and FISH
were applied after identifying marker chromosome
by GTG.

Use of CBG, QFQ, NOR-Ag was justified in 10
cases (66.6 %) whereas 5 cases (33.3 %) did not give
positive results. The panels of LSI and CEP DNA
probes were used in 12 cases on the basis of the pre-
liminary results of GTG, CBG, QFQ, NOR-Ag
staining. This combination of techniques allowed
determining the nature of SMC in 10 patients
(83.3 %). Identification of a marker chromosome by
FISH using CEP, LSI and WCP probes failed in two
cases. For 3 patients FISH was not performed due to
the lack of the necessary amount of material.

WCP probes were used to confirm the positive re-
sults obtained by FISH with CEP and LSI probes in
4 cases. The results of the WCP study have matched
with the previously obtained results of FISH with
CEP and LSI probes: the origin of SMC was con-
firmed in 2 cases whereas in 2 cases the SMC origin
remained undefined. A cross-hybridization between
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Fig. 1. Idiograms and images of identified marker chromosomes derived from chromosome 15. (/. Idiogram of isochromosome 15,
and pseudoisochromosome 15. 2. Pseudoisodicentric chromosome 15 identified by CEP 15 and LSI D15S10. 3. Isodicentric chromo-
some 15 identified by CEP 15.)

SMC and short arms of D and G chromosome groups
was observed. This indicates nonspecific hetero-
chromatin sequences in the SMC composition.

Morphologically isochromosomes accounted for
90 % of all identified SMC. 2 of them (20%) were
identified as pseudoisodicentric marker chromo-
some (Fig. 1).

In 6 (60 %) of the identified SMC cases the re-
vealed marker chromosome was derived from chro-
mosome 15 and in 4 (40%) cases SMC were defined
as the derivative of chromosome Y (Fig. 2) (Tab.1).

Fig. 2. Identified
by CEP Y marker
chromosome de-
rived from Y chro-
mosome.

Table 1. 1dentification of supernumerical marker chromosomes in karyotypes of patients.

FISH CEP/LSI FISH WCP | Result of SMCs
4 Methqd and result . and res.uh and resp!t identiﬁcqti'on
karyotype (“+” positive, “-“ negative) (“+” positive (“+” positive (“+” positive
“-“negative) “-“ negative) “-“negative)
1 | mos 47,XY,+mar[23]/46,XY[7] GTG+, NOR-Ag+ CEP/LSI 15 - WCP - -
2 | 47,XX,+i(15)(p10) GTG+, NOR-Ag+ CEP/LSI 15 + +
3 | 47,XY,+i(15)(p10) GTG+, NOR-Ag+ CEP/LSI 15 + WCP+ +
4 | 47,XY,+mar.ish psu idic(15) GTG+, NOR-Ag+ CEP/LSI 15+ +
5 | 47,XX,+psu idic(15) GTG+, NOR-Ag+ CEP/LSI 15+ WCP+ +
6 | 47,XX,+idic(15)(q11.2) GTG+, NOR-Ag+ CEP/LSI 15 + +
7 | 45,X[93]/46,X.,idic(Y)[7] GTGH, QFQ+ CEPY + +
8 | 47,XY,tmar.ish psu idic (15) GTG+ NOR-Ag+ CEP/LSI 15 + +
9 | mos 45,X[9]/46,Xidic(Yq)[13] GTG + QFQ+ CEP Y+ +
10 | mos 45,X[14]/46,X,psu idic(Y)(q11.23)[30] | GTG+ QFQ+ CEP Y+ +
11 | mos47,XY,+mar[18]/46,XY[23] GTG + NOR-Ag- -
12 | mos 47,XY,+mar[35]/46,XY[5] GTG+ NOR-Ag- FISH - WCP- -
13 | mos47,XY,+mar[12]/46,XY[18] GTG + NOR-Ag- -
14 | mos46,X,+mar. ish der(Y) [83]/45,X[17] GTG+ CBG- QFQ- CEPY + +
15 | 46,X.del(Y)(q11.23) or i(Y)(p10) GTG+ QFQ- NOR-Ag- -
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In most cases identified isodicentric chromosomes
consisted of two copies of the chromosome 15 short
arm, which were in inverted orientation, marked as
«inv dup (15)». Detailed analysis of inv dup (15)
showed that this type of SMC usually kept two cen-
tromeres one of which was inactive [7]. In some
cases, the material between two centromeres con-
tained chromosome 15 euchromatin of various
lengths. In 5 patients there were no euchromatin ar-
eas between the two centromeres according to FISH
results.

As have been previously shown [8], the clinical
manifestation of SMC derived from the chromo-
some 15 presence in karyotype may be associated
with four phenotypes: normal phenotype, syndrome
inv dup (15) and Prader-Willi/Anhelman syndrome.

Therefore, the presence of SMC in patient’s
karyotype is a serious indication for the whole fam-
ily examination:

— to identify SMC by aforementioned methods
and if necessary, more sensitive methods like CGH
(Comparative Genomic Hybridization, array CGH,
chromosome microdissection and rFISH etzc.);

— to determine the fact of SMC inheritance or the
occurrence of SMC de novo;

— to exclude tissue mosaicism and uniparental di-
somy [9];

— family genetic counseling, especially for the
carriers of SMCs who are treated by assisted repro-
ductive technologies.

Conclusions

The methods of differential chromosome staining
such as GTG, CBG, QFQ, NORD-Ag are the first
and the most important step in the diagnosis of SMC
cases.

The results of initial study determine the course of
the further analysis. In the case if SMC are supernu-
merical isochromosomes, or when the Y chromo-
some normal copy is absent, it is advised to use at
first the CEP 15 and CEP Y DNA probes, which
identify SMC with efficiency of 83.3 %.

The WCP probes may be applied either immedi-
ately after GTG analysis, or when the CEP FISH
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tests do not show positive results. If SMC consist of
nonspecific sequences of heterochromatin, applying
the WCP probes will be ineffective. The more sensi-
tive methods like CGH/arrayCGH should be recom-
mended in such cases.
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EdexTuBHicTb 3acTocyBanHs pisnux Tunis JHK-npo6
s ineHTHdiKkanii MapKepHHX XPOMOCOM.

JI. B. TaBokina, A. O. bposko, O. B. baponoga,
O. I1. Mockanenko, H. I'. T'opoenko.

HasBHiCT MapkepHHUX XpPOMOCOM B KapiOTHUIII JTFOIMHH 3aBKIU BH-
Marae 0COOIMBOrO JIiarHOCTHYHOTO Miaxody. BuszHaueHHs Tuy i
CTPYKTYPH MapKepHOI XpOMOCOMH Ma€ BEJMKE AiarHOCTHYHE i
MIPOTHOCTHYHE 3HaYeHHs. ICHye KiTbka MeTomiB ineHTHgikaril
MapKepHHUX XPOMOCOM, aJie pi3Hi METOIIM MAIOTh Pi3HUI PiBEHb 1H-
(opmaruBHOCTI. B po0OTI HaBeneHi pe3yabTaTd HUTOICHETUIHOL
ta FISH niarHoCTHKM BUNAAKIB 13 HATYUCETbHUMH MapKEPHHUMH
XpOMOCOMaMH B KapioTHii naiieHTis. Mera. AHaji3 pe3ynbrariB
[UTOTCHETHYHUX 1 MOJIEKYIAPHO-IUTOTEHETUIHUX JIOCIIKEHb
KapiOTHIIIB TALI€HTIB 3 MAPKEPHIMHI XPOMOCOMaMH, @ TAKOXK OIliH-
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Ka 1 MOpIBHIHHSA e()eKTHBHOCTI BUKOPHUCTaHUX MeToxiB. MeToam.
KapioturyBaHHs GyiT0 BUKOHAHO Y BiITOBITHOCTI O CTaHAAPTHHX
meroniB. bynmu Buxopucrani GTG, CBG, QFQ i NOR-Ag metonu
mudepentianpHoro ¢apOysanus. FISH Gyna BikoHaHa BiAIOBIIHO
no iHcrpykuiii BupoOHuka st CEP, LSI Ta WCP JJHK-mpo6.
PesyabTarn. MapkepHa xpomocoma Oyna BusieieHa y 15 3 7989
TMaIi€HTIB. 3aCTOCYBaHHs CTaHAAPTHIX METOMIB (apOyBaHHs OyII0
edpektuBHUM y 66,6% Bunankis. [loenHanHs AudepeHIiatbHOro
¢apOysanns Ta FISH nossomiio inenTH(iKyBaTH MapKepHi Xpo-
MocomH y 83,3 %. 90 % Bcix MapKepHHX XpOMOCOM OysH BH3Ha-
YCHi 5K 130XpOoMOCOMH 1 60 % 3 HUX OyJIH MOXITHUMH BiJl XPOMOCO-
mu 15. BucnoBkn. Buxoprucranus WCP JTHK-npo6 € ocHOBHUM
erarnoM ifeHTHdiKamii MapkepHHX XPOMOCOM 3 HACTYITHIM 3aCTO-
cyBanasiM CEP ta LSI JIHK-npo6. SIkmmo mMapkepHa XpomMocoMa
Mae Hecneriuni mocigosHocti JIHK, To y Takux Bumagkax mo-
BUHHI OyTH 3aCTOCOBaHi OLJIbII Yy TJIMBI METOIH.

Kao4oBi cJ0Ba: MOIEKyISIpHO-IIUTOTCHETHYHA J[IarHOCTH-
Ka, MapkepHa xpomocoma, JIHK-ripobu

I¢pdexTHBHOCTHL NPUMeHeHNs pa3anyHbIX TunoB JHK-
npoda 1151 HAeHTH(PHUKAIMH MapPKePHBIX XPOMOCOM.

JI. B. TaBokuHa, A. A. bposxo, E. B. baponosa,
E. I1. Mockanenko, H. I'. [opoBenko.

Hanuune MapKepHBIX XpOMOCOM B KapHOTHIIE YeJIOBEKa BCerla
TpebyeT ocoboro auarHocTudeckoro mnoxxoxa. OmpeneneHue
THUIA U CTPYKTYPBI MAPKEPHON XPOMOCOMBI MIMEET OOJIBIIIOE T1a-
THOCTHYECKOE M IpOrHocTHyeckoe 3HadeHue. CyluecTByeT He-
CKOJIBKO METOZIOB HJICHTHU(HKAIMK MAapKEepHBIX XPOMOCOM, HO

pasHbIE METOABI HMEIOT Pa3HBIA ypOBEHb HH(pOpPMaTHBHOCTH. B
paboTe npuBeAEHB! pe3yasTaTsl nuTorenernueckoi u FISH nua-
THOCTHKH CIIy4aeB CO CBEPXYHUCIICHHBIMH MapKEPHBIMU XPOMOCO-
MaMH B KapHoTHIie nanueHToB. Ilejab. AHaN3 pe3ynsraTtoB -
TOTCHETHIECKUX U MOJIEKYIISIPHO-IINTOT€HETHIECKUX HCCIIeI0Ba-
HHUI KapHOTHIIOB MAallIEHTOB C MapKEePHBIM XPOMOCOMaMH, a
TaKoKe OIlEHKa M cpaBHEHHE A(P(PEKTHBHOCTH HCIIOIB30BAHHBIX
MetonoB. Metoabl. KapnoTnnmpoBaHue BBITOIHEHO COIIACHO
craHaapTHeIX Metomuk. Mcmonp3oBanel GTG, CBG, QFQ u
NOR-Ag metons! audpdepennuansHoro oxpammsanusi. FISH
BBITNIOJIHEHA B COOTBETCTBUM C HMHCTPYKLUHAMU HPOU3BOAUTEIIA
it CEP, LSI u WCP JHK-nipo6. Pe3ynbrarbl. MapkepHas xpo-
MocoMa oOHapyxkeHa y 15 w3 7989 mammentoB. [Ipumenenne
CTaHAAPTHBIX METOJOB OKPAIIMBAHUS OBUIO 3((EKTHBHBIM B
66,6 % ciydaes. Coyeranue auddhepeHInaIbHOT0 OKPaIIMBAHHS
n FISH no3Bommio uaeHTHdUIIpoBaTh MapKepHBIE XPOMOCOMBI
B 83,3 %. 90 % Bcex MapKepHBIX XPOMOCOM OBUIN OIPEIEICHBI
KaK H30XpOMOCOMBI 1 60 % 13 HUX OBLIH IPOU3BOIHBIME OT XPO-
MocoMmsl 15. BeiBoasl. Vicrions3oBanne WCP JTHK-nipo6 siBnsiet-
Csl OCHOBHBIM 3TallOM HICHTH(HUKALUKA MAPKEPHBIX XPOMOCOM C
nocnenyronmm npumeHenreM CEP u LSI JIHK-nipo6. Ecii map-
KepHast XpOMOCOMa MMEET HEeCTIeNU(UIECKIE TTOCTIEA0BATENBEHO-
ctu JIHK, To B Takux ciydasx ZOKHbI OBITH IPHMEHEHBI Oomee
qyBCTBUTEIILHBIC METOIbI.

KawueBble cJ0Ba: MOJICKYISPHO-LIUTOICHETHYCCKAs AHa-
THOCTHKa, MapkepHas xpomocoma, JJHK-1po0s1.
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