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Background: There are 5 public and private laboratories are performing in vitro fertilization (IVF) for infertile 
patients in Mongolia. Along with the advancing IVF technology, there is an urgent need to diagnose chromosomal 
abnormalities and select healthy embryos before implanting the embryos that have been fertilized in the laboratory. 
Infertile couples have a higher risk of sex and autosome chromosomal abnormalities than couples without fertility 
problems. 

Nowadays, when performing preimplantation genetic diagnosis (PGD), it is recommended the technologies 
such as SNP microarray, aCGH array, and Next generation sequencing, which can simultaneously evaluate the 
all 23 pairs of chromosomes in the trophectoderm biopsy of the embryo. However, in developing countries, FISH 
analysis is still used for PGD. Medical genetic laboratory at the National Center for Maternal and Child Health (NC-
MCH) is using FISH analysis for prenatal diagnosis of common 13, 18, 21 , X and Y chromosomal aneuploidies, and 
postnatal diagnosis of certain chromosomal structural changes. 

Aim: To determine 13, 18, 21 , X and Y chromosomes in the blastocyst embryo using FISH analysis 
Methods: The study was carried out in a laboratory experimental research model based on the Medical Ge-

netic Laboratory and the Infertility and Reproductive Center, NCMCH. FISH analysis was performed using the 
FAST FISH Prenatal Enumeration probes from the company "Cytocell" in the whole embryos of the 2 couples who 
agreed to participate in the genetic analysis of embryos. 

Results: In the first embryo, the probe set-1 including 13q14.2-Green, 18p11 .1-q11 .1 (D18Z1)-Blue, and 
21q22.13-0range to identify chromosomes 13, 18, and 21 , 2 of orange, green, and blue fluorescence spectrums 
are identified in the 2 cells of the embryo. It confirms that 13, 18, and 21 chromosomes are all diploid , and no 
changes in the number of these chromosomes have been detected. 

In the second embryo, green and blue fluorescence was detected in 4 cells each when analyzed using Xp11 .1 -
q11 .1 (DXZ1 )-Green, Yp11 .1 -q11 .1 (DYZ3-0range), and 18p11.1-q11.1 (D18Z1 )-Blue probes. Due to female em-
bryo there were 2 of each green and blue spectrums were recorded and no red fluorescence was identified, indicat-
ing that chromosomes X and 18 are diploid and hybridization was not done on chromosome Y. 

Conclusion: As a result of the research, hybridization of chromosome-specific probes was formed on chromo-
somes 13, 18, 21 and X, which are the components of the FISH probes, and the diploid composition of the target 
chromosomes was determined. It is possible to diagnose changes in the number of chromosomes of up to 3 of 
the most common changes in chromosomes (13, 18, 21, X and Y) using the FISH analysis. In this way, we enable 
families with sex chromosome changes and couples with balanced translocation changes on chromosomes 13, 
18, and 21 to have healthy children . 
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Y.QMpTran 
MoHron Ync Hb xyH aMaa ecrex 6(),D,Jloro 6apbAar yi-111Y1.1nrnaH111i.lt YaHap xypT33M)Kl!1i.ltr cai.lt>t<pyyn)I{ ecsep 

Aanx111i::iH ync opHYYAblH Har 6ereeA 2004 OHA YncblH 
Xypnaac 6arancaH "MoHron yncblH repeec xyH 

aMblH X0f)KJ11AMH ranaap 6ap111Mmax 6(),D,Jloro"-blH 
Aaryy "HexeH yp)l{111xyi::iH apyyn M3HA1t1C1H ryCI1aM)I{, 

ye, aXIAMar HaCHbl 3M3rT3C1YVYA3A T3AHl.1C1 COHroilTblH 
Aaryy >Kli1p3MGn3JlT, repemee 30XlllLIYYilaXaA A3M>t<I13r 
y3yynax, ax HRilXCblr xaMraanax TOrTon1..100 6ypAyynax" 
3aMaap xyH aMblH ecenrnC1r 1.8 xys1.1ac 6yypyynaxryi::t 

2360 I JX 6APlllX 3M3"31il'IVYA, XVYX3A CVJUIAn 



6ailtxaap 388>1<33. 2011 OHA HlililiT XVH 8Mb1H TOO 2.81 
caR, 2013 OHA 2.93 caR, 2018 OHA 3.2 caR, 2022 OHA 3.4 
caR 6011>1< Tye rye H3M3rA3>K 6ailtraa1 X3Alilili 4 eyy11111iliH 
V6A rapmm, repenrniltH Hae opoi/tro>K, fonrniltH 38MblH 
xanABap, VP xeHAem H3M3rA3>K 6aliiraa Hb vpryiliA11111LiiH 
TOXli!Ol1Af1blH roar H3M3rAVYll)f( 6ailiHa2 • 

,Q3M5-blH roAOPXOililleHoop H3r )f(ll!lllilliiH xyra4aaHA 
TOrTMon 6anr111iliH xapbl.jaaralii, )f(ll!paMCll3X33C 
c3prnliimx RMap Har apra xaparnaarylii 6aliixaA 
)f(lilp3Mel13Xrylii 6011 VPrVLiiA311 r3)f( rOAOPXOLiineoH . 
XaAeOH HapblH cyAanraaraap vpryliiA311T3Lii rap 
6v11111iliH 40% Hb 3P3rT3Lii , 40% 3M3rT3Lii , Vl1AC3H 20% 
Hb xoeynaHraac Hb wanrraamK 6aliiHa. TVVH4113H 
xyyxaAralii 6cncxccp TeneBJ1eceH xccyy.QblH 5%-A 
Hb RMap H3r 3MH3J1n1LiiH rycnaM>K v11t11Y111nraa asax 
ryxailtn6an HexeH VP>KlilXVLiiA rycnax VP w11111>1<yy113H 
cyynryynax 3ai/tnwrylii waapA11ara3 rynrap4 6aLiiHa4 • 

MoHron ynea,Q vpryliiA11111LiiH rycnaM>K v11t114111nraar 
yneblH 6onoH xys111iliH 5 3MH3narvayyn>K 6aliiHa. 3X3MYT-
111LiiH Yprylii,Q311, HexeH VP>KlilXViliH res Hb 2015 OHOOC v11tn 
a>1<111nnaraaraa axnvvn3H 350 xoeoA VP Wlill1>KVYJ13H 
cyynra>K, 60 xyyX3A enrniliAe>K ascaH. AHaraax yxaaHA 
HasrpaH HYTarw111>1< 6ylii VP W"111>KVV113H cyynrax Wli!H3 
rexHonorniltr AaranAaH yparT xpoMocoMblH aMrarnlltr 
repexeee eMHe oHownoxooc raAHa 11a6oparop111LiiH 
Hex4en,Q as4an,QyyncaH VP xespen1.1iltr 3x111LiiH yMailiA 
cyynraxaae eMHe oHownoH apyyn VP xespe11111iltr coHroH 
eyynrax aailtnwrylii waapAf1ara rynrap4 6aliiHa. 

HexeH VP>KlilxyliiH acyyAanrylii rap 6vmalii 
xapb4yynaxaA vprvlAAamalA xocyyAaA 6anrnlAH 6a 
6111e1.1LiiH xpoMOCOMblH eep4J1611TT3Lii 6aliix 3PCA3J1 
eHAep&-7 • XpoMocaMblH aMrnrniliH Har x311fop 
KnalAHcpemep111IAH xaMWlllH)f{ (47 XXY) Hb aparT3ilt 
vprylitAn1<1LiiH wamraaH 6oncx reMeern111Lii repenx111LiiH 
AYTMarwnaap HexeH VP>KlilXVLiiH HacaHA CHCWnOrAOX 
Hb 31163r6, Yr xaMWIAH>K Hb 2000 aMbA TepenreA 
1-2 rcXlilOJ1AOX 6a MaHailt opOHA >Kli!J1A 40 op41AM 
WIAH3 TOXIAOJ1,QCJ1 OHownor,QCX Mar8Af1al1Tailt8• OpYIAH 
ve1t11itH aHaraax yxaaHA TeMcerHIALii repenx1t1iltH 6a 
OJ1AM011 AYTMarWllblH veA ryliil.\3A 6oncscpoorvlii 
6eepeHx1.1Lii ap 63nr1AiliH 3e1t1Liir reMcerHeec RnraH 
aBY aM>KIAnTTaili VP TOrTCO>K 3X3J1C3H9• "AMep1111<1AiltH 
HexeH Yp>1<111xyiltH AHaraax YxaaHbl H1t1Liir3Ml13r" -IAIAH 
3M41Allr33HIA1it can6apaac 2008 CHA 6eepeHx1.111i 3C1Ailtr 
3M41.1llr33HA X3p3rn3X 308110M>K rapraeaH10•11 • TlnOHbl 
eyA11aa4 TaHaKa Hap 2015 CHA Hexep Hb 61.1rvvp11111iliH 
6yc wannaaHTalii 12 3M3rT31itH 734 BHArBH 3C3A ap 
63J1rlillitH 3ClillitH X6r>KJ1lillliH 3XHIALii velAlitH 6eepeHXIALii 
3CIALiir eyynra)f( 14 xyyx3,o. repceH ryxalli M3,D.33J1>Kaa12• 

,Qaapx cyAanraaHaac xapaxaA xer>K1t111 rylit4aaryllt 
ap 6anr1111itH ac111i.1r aw111rnaH VP TOrToox Hb VP AVH 
xapb4aHryi.1 6ara 6cncs4 K.na'1Hcpemep1.1i.1H xaMWIAH>K 
33par aesxeH ,QOHop ap fonr111i.1H 3C aw1..tmaH xyyX3Ar3Lii 
6cncx aaanrrai.1 veA eeplAiliH XVVX3AT31it 6onox 
6onoM>KIAilir cnrc,o.cr Aasyy ramalit . TyyH4J13H Hl.-lilir XVH 
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aMTalli xapbl.lYYl18X8A KnailiHcpemep1Ai.1H xaMWIAH>KT3ili 
084THVYAIALiiH ap 63J1nALiiH 3C3A 13, 18, 21 33p3r 
8YTCCOM xpoMOeOMblH TOOHbl eep4nenr roXIAOll,D.OX Hb 
111x13 . Knai.1Hcpenrep111iltH xaMWlilH>KTaili 3P3rT3iltH rvilil.\3A 
6onoscpcorylii ap 6anrnlitH ac1t1i.1r aw111rnaH VP TOrToocoH 
TOXIAOJ1A011A VP xespenA X xpoMoeoMblH no11111coM111 
(47XXX, 47XXY) 3Mr3ryyA lilllp3X 3pe,Q3J1T3ili 14 6a VP 
xeepenyyA3A y,o,aM3VliiH Wli!H>Klilllr33 Xlili'.1X3A 39.1 %-A Hb 
13, 18,21 6onoH X, Y xpcMocoMblH eep4nenr 11111ap4aa15 • 

Yp xespe11111Liir yMai'.lA eyynraxaae eMHex 
y,o,aM3ViliH OHOWlilnrccr A311XIAili H1Ai'.1T3A 1990-33A 
OHOOC xap3rn3>K 3X311C3H16• 3H3 Hb na6oparop111i.1H 
Hex4e11,o, 3BL\311AVV11C3H VP xespe11111i.1H reHern1<1111itH 
eep411em111i.1r 11mpvvm1< 3esxeH reHern1<1.1LiiH xyBbA apyyn 
yp xeepe111.11itr yMalAA cyynrax 60110M>K cnroAcr Aaeyy 
ranTaili OHOWIAnroOHbl apra IOM13 . 

Op41.1H YeA yp xeepe111111itr yMailiA cyynraxaac 
eMHex YAaM3Vi'.1H 0How1.1nroo x1.1iltx,Qaa yp xespem1i'.1H 
6naeT041.1crnlitH ye waTaHA rpocp3Krop,epMaac 61.1onc111 
aBY 23 xoc xpoMocoMblH 6ai/tAf1blr H3r3H 33par YH3nax 
6onoM>KTolit TexHonorni'.lr 3eene>K 6alitraa 16 6a xer>KeeH 
opoHA VP xespe111.1Liir yMalitA cyynraxaae eMHex 
y,QaM3VlitH OHOWlilllrCCHA Mli!Kpoappai/t, Aapaa-ye1.11itH 
ee1<BeHc1.11itH apryyAblr aw1.1ma>K 6alitHa 17 • XaA1.1Lii rniltM 
4 xer>1<111>K 6ai'.1raa opHyy.QaA FISH w1.1H>1<1Anr33r ypar 
6a HRpalitA xpCMOeOMblH 3MrarnliiH OHOWl.1l1rOOHA 
aw111maxb1H 33p3rl.jaa VP xeepen1.11itr yMalit,Q cyynraxaae 
BMHBX y,o.aM3VLiiH OHCWl.1J1roCHA aw1.1maeaap 6aliiHa18 • 

YnaMlKllam FISH w1.1H>K111nraaraap yp xeepen1.11itH 
xv1Ac1.11Ar TOAopxci:in>K2, >1<1Ap3MeH1.1i:i XC)f{YY xyra4aaHA 
yprlilliiH aHeynncl.1A 3pr 1.111pyy113r Xl.11it>K19 , xpcMOeOMblH 
6vr4111i.1H eep411em1.1i.1r 1.111pyym1<20 6ai.1Ha. 

3X3MYT-111i.1H AHaraaxblH y.QaM3Vi:iH 11a6cparop1.1 
Hb 2012 OHA viltn a>K1.11111araaraa axnyyncaH 6a FISH 
Wl.1H>Kl.1l1r33r33p yparT 13, 18, 21 , x 6a y xpcMCCCMblH 
TOOHbl eepYnenrniltr, HRpai:i,Q 38p1AM xpoMOCOMblH 
6YTL\lililiH eep4110J1Tl.1iltr OHOWlllJ1>K 6alitHa. MaHaili 
yncblH aHaraax yxaaHA Hasrp3H HyTarw1.1>K 6ai.1raa 
VP w1.111>KyynaH cyynrax w1.1Ha rexHonornlitr .Qaran,QaH 
VP xeepe111.1i.1H YAaMayiliH 0How111nroor H3BTPVV113X 
3aliinwrylit waapAf1ara 6ai.1raar YHA3Cl13H yp xeepen1.11itH 
copbl.\O.Q FISH w1.1H>1<1.111raaraap .Qaapx xpoMocoMyyAblr 
Top,opxoiltnox cyAamaar x1.1ilin33 . 

3op1.mro 
Yp xespenA FISH w1.1H>K1.1nr3araap 13, 18, 21 , X 6a 

Y xpoMocoMblr roAopxollinox 
MaTepa.tan, apra 3ylit 
CyAamaar 3X3MYT-111i.1H AHaraaXblH y,QaM3VCiH 

na6oparop1.1 6a YpryCi,Q3J1, HexeH VP>Kl.1XVCiH Te01.1i.1r 
ryw111rnaH na6oparnp1.1iliH rypw1.1nrnr cy,QanraaHbl 
Jarsapaap ryi.14ananaa. 

CyAanraaHblTVVB3pn3nT 
3X3MYT-111i.1H YprylliA3J1, HexeH yp>K1.1xvctH TBBA 

2019-2023 OHA VP w1.1n>KVVmH cyymax apraap 
xyyxJAr3Ci 6cncoH xocyyATaCi 3pr3H xon6orAO>K, VP 

3X &APL'IX 3M3rnlil'IVYA, XYYX3A CVAnM 2361 
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xespemAlllH YAaM3VillH WIAH)l<IAnf33HA xaMparAaXblr 
3eBweepceH 2 xocblH VP xespen111il!H copbl.\OA FISH 
WIAH>K1Anf33 XIAillC3H. 

FISH w111Hi1omr33, 
Vp xespenlAillH YAaM3VillH 0How111mooHA 1-3 

3C 6vx111ill VP xespen111illH 6111onc111illr aw111rnaAar 6a 
MaHaill yncaA VP xespen111illH 6111onc111illH WIAH)l<IAnraa 
H3BTpa3ryi/t 6ai.lraa Tyn Tye cyAanraaHA 3 xoHor 6yx111ill 
6vxan VP xespen111illr WIAH)l<lilmaaHA aw111rnanaa . FISH 
WIAH>KIAJlr33HIAill npo6 Hb xpOMOCOMblH TOAOPXOlll 
X3C3rT3ill xon6orAo>K ¢rnopec4eH4 eHre V3yynax 6a 
TyxaillH eHrnlAr 6VPTr3CH33P33 xpoMOCOMblH Toor 
TOAopxoillnox 6onoM>K111illr omQAor. VllllMA 61AAH1Aill 
OHOWIAJlfOOHbl XV41AH 4aAan Hb HaraH 33p3r XIAillfA3X 
npo6blH ¢rnopec4eH4 eHreHIAill TOOHOOC XaMaapHa. 
61AAHlilill cyAamaaHA aw111rnacaH CytoCell KOMnaHIAillH 
FISH npo6yyAblH 6VPA3Jl Hb xaMrnillH IAX.Q33 3 eHrnillH 
¢rnopec4eH4 npo6b1r aryyn)I< 6aillcaH. 1 AVf33P 6an-1 
Hb 13, 18 6a 21-p xpoMOCOMblf TOAOPXOillnox 6a 
13-p xpOMOCOMblH q MepHlilill 13q14.2 6aillpw111maill 
xon6orAO)I< HorooH eHre, 18-p xpoMocoMblH p MepHIAill 
18p11 .1-q11 .1 (D18Z1) 6aillpw111maill xon6orAO)I< 
1..13HX3p eHre, 21-p XpOMOCOMblH q MepHlilill 21 q22.13 
6aillpw111maill xon6orAo>K yn6ap eHre 6VPTf3rA3H3. 2 
,Qyraap 6ar4 Hb 18, X 6a Y xpoMOCOMblr TQAopxoillnox 
6a 18-p xpOMOCOMblH p MepH1Aill 18p11 .1-q11.1 (D18Z1) 
6aillpw111maill xon6orAO)I< 4aHxap eHre, X xpoMocoMblH 
Xp 11 .1-q 11 .1 (DXZ 1) 6aillpw111maill xon6orAO>K HOfOOH 
eHre, YxpoMOCOMblH Yp11 .1-q11 .1 (DYZ3) 6aillpw111maill 
xon6or.Qo>K yn6ap eHre 6vpTrar,QaHa. VllllMA 61AA yr 
FISH W1AH>1<111nraaH1Aill apraap 1 VP xeapenA 1 yAaarnillH 
WIAH>KIAJlr33HIAill apraap xaMrlAillH IAX,Q33 3 xpoMOCOMblH 
Ma,Qaanan asax 6onoM>KToill 6aC1caH . 

YpryillA3Il H9X9H VP>KlilxyillH reBIAillH 3M6p1A0J10r1Ai11H 
na6opaTOp1AA VP TOrToocoH 3 (6nacToMep) xoHor 
6vx111ill , WIAHraH a3oToT ryH xenAeeceH VP xespen111iiir 
rye na6opaTOp1AA 6aplAMTa!lAar 6arnarAC8H CTaHAapr 
a>1<111nnaraaHbl JaaspblH Aaryy racraaH 16 1..1ar 
ecreaepnecH111Ci ,Qapaa VP xeapen111C1H copb4b1r K.Xu 
XycH31"T 1. Yp xeapenu{JH 6auaan, L/aHap, yp ayH 

HapblH 6onoacpyyncaH npoTOKOilblH .Qaryy 63X>t<VY113H , 
"Cytocell" KOMnaHIACiH 13q14.2, 18p11 .1-q11.1 (D18Z1), 
21q22.13, Xp11 .1-q11 .1 (DXZ1), Yp11 .1-q11 .1 (DYZ3) 
6aillpnan,Q xon6or,Qox FAST FISH Prenatal Enumera-
tion 6VP.Q3Il aw111rnaH FISH w111H>K1t1maar x111iiic3H. FISH 
WIAH>KIAm33HIAill VP AVHrlAiiiH 6onoacpyynamb1r Olym-
pus-BX63 ¢rnopec1..1eH1..1 MIAKpocKon, MetaSystems Isis 
(Metasystems GmbH, Altlussheim, Germany) nporpaM 
aw111rnaH AVPC 6onoacpyynam x111iii>1<, VP AVHr roo1..1coH . 

Yp AVHrMHH CTaTMCTMK 6onoecpyynanT 
Cy.QanraaHbl a>KilblH M3,Qaann111illr Excel 201 O 

nporpaMM aw111rnaH WIAB)I<, VP AVHr Microsoft Word 
nporpaMM ,Qaap VP xespen1t1illH M3A33I13Il 6a FISH npo6, 
xpoMOCOMblH TOO 33prni.'.1r ,Qypcnax apraap 11111apx111illnaa. 

CyAanraaHbl ec 3VM 
CyAamaar "61110-AHaraaxblH cyAamaaHA XVHIAillr 

xaMpyynax Tyxaill onoH yncblH YA1APAaM>1<"-111illH ,Qaryy 
Mep,Qe>t< ry&ii43Tr3I133. CyAanraaHbl a>Kilb1r 2019 oHbl 
12 capblH 05-Hbl eApi.tillH 3X3MYT-111illH 3p.QMIAlllH 
38BJ18JllAillH xypnaap X3I13Ill.\YVI1>K, 2019 OHbl 12 
capblH 26-Hbl e,Qep AHaraax yxaaHbl eCJVillH 

xopOOHbl xypnaap X3I13Ill.\VV11>K ec 3VillH 
3esweepen aacaH. 

YPAVH 
3X3MYT-IAlllH YpryMA3Jl , H8X9H VP)l<IAXVlllH TeBA 

2019-2023 OHA VP W1All>KYVI13H cyymax apraap 
xyyxa,QTaill 6oncoH 17 xoCToill apraH xon6orAo>K, Hee4eep 
xen,Qee>K xa,QrancaH VP xeapen111illr villn4nyynar4 ,QaXIAH 
aw111rnaxryill 6onoxb1r 6arnnraa>1<yynaH, VP xespen111illH 
YA8M3VillH WIAH>t<IAmaaH,Q xaMpar,QaXblr 3eeweepceH 
2 xocblH 2 VP xeape111-1'1H copbl\OA FISH WIAH>KIAmaa 
XIAillC3H. 15 XOC Hb rye cyAamaaHA xaMpar,QaXblf 
3eaweepeeryill. Cy.QanraaHA xaMparAaXblr 3eaweepceH 
1 Avraap xoco,Q VP cyynrax TESE-ICSI 
apraap, 2 Ayraap xoco,Q ICSI apraap VP rnrroom x111illcaH 
6ailla. Yp WIAI1>KYV113H cyynraxaA x111illrAC3H a>1<1t1n6ap, 
VP xeapeni.tillH 4aHap, FISH npo6blH 6aiiipnan, VP AVHr 
xycHarT-1-A H3rTf3H xapyynnaa. 

Nv Yp xeepenMMH Yp xeepenMMH XMi4rAC3H 
3lKMJ16ap 

3CMMH TOO FISH npo6blH 6ai4pnan XpoMocoMblH Too - Yp 
AYH Ayraap Hae 

EMB-040601 XoHor 3 

2 

3 EMB- XoHor3 
081701 

TESE-
ICSI 

ICSI 

6Cell 
6CG3 

2 cell 
2CG 1 

2362 3X 6APlllX 3M3n3M'IVVA, XVVXlll CVDllM 

13q14.2 
18p11 .1-q11.1 
(01821) 
21q22 .13 

13q14.2 
18p11 .1 -q11.1 
(01821 ) 
21q22 .13 

18p11 .1-q11.1 
(018Z1 ) 
Xp11 .1-q11.1 
(OXZ1 ) 
Yp1 1.1-q11 .1 
(OYZ3) 

13q14.2 x 2 
01821 x 2 
21q22.13 x 2 

13q14.2 x2 
0 1821 x 2 
21q22.1 3 x 2 

01821 x 2 
OXZ1 x 2 
OYZ3 x 0 



4 

5 

6 

1. Yp xespem-11AH 63?QKW11:mrnlAH yp AYH 
Wl1Hr3H aJOTOOp X9Jl,Q99H Xa,QraneaH 3 XOHOr 6vx111A 

6yx3!1 VP xespe11111Ar r3er33>K ey,1:1anraaHA aw11rnacaH 
6a VP xespe1w11Ar rnern3eH11IA ,1:1apaa 6onoH ras11yp 
w1111 A33p 63x)l(yy113m x11IAeH11Lil ,1:1apaa VP xespe1111IAH 
3ypr111Ar aB4 6aranraa>1<yyneaH. 

Yp xespe11 - 1-111Ar rncrn3cH11IA ,1:1apaa VH3113X3.Q 
3ell1LilH TOO 2, ¢parMeHTblH 4aHap ealAH, 2A 33p3rI1311T3Lil 
6alAeaH 60!1 ras11yp Wll1!1 ,Q33p 63X>KYVI13!1T x111AeH111IA 
,1:1apaa 3ypr111Ar VH3113X3A yp xespe11 ras11yp w11111 
,Q33p 6vpaH 63X3)1(C3H, 3Cll1Li!H TOO 2, cpparMeHTblH 
1..1aHap AYHA, 28 33p3rn3mat.1 6o!leHblr 1..1aaw111p, FISH 
W11H>Kl1Ilr:33H,D, aw11rna)I( r116p1AA)l(y'{113r x1111Ae3H . 

Yp xespen - 2-blr r3cra3eH11Lil ,1:1apaa VH3113X3A 
3e!AIAH TOO 6, cpparMeHTblH 4aHap Myy, 3C 33P3rI1311T31A 
6alAcaH 6011 TaB11yp Wll111 ,Q33p 63X)l(y'{ll311T x1111AeH11IA 
,1:1apaa 3ypr1111Ar VH3113X3.Q VP xeepe11 ras11yp w11111 .Q33p 
6yp3H 63X3)1(e3H, 3el11AH TOO 7' cpparMeHTblH '-laHap Myy, 
3C 33parnamalA 6011eHb1r 1..1aaw11A FISH Wl1H)f(l1Ilr33HA 
aw11rna)I( r116p11.Q>KVV113r x111Ae3H (3ypar 1 ). 

3ypar 1. WuH>Kuna33Ho xaMpaaocaH yp xeapenuuH 
3ypaa. 

18p11 .1-q11 .1 
(D18Z1) 
Xp11 .1-q11 .1 
(DXZ1) 
Yp11 .1 -q11 .1 
(DYZ3) 

18p11.1-q11.1 
(D18Z1) 
Xp11 .1-q11 .1 
(DXZ1) 
Yp11.1-q11 .1 
(DYZ3) 

18p11 .1-q11 .1 
(D18Z1) 
Xp11.1-q11 .1 
(DXZ1) 
Yp11 .1-q11 .1 
(DVZ3) 
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D18Z1 x 2 
DXZ1 x 2 
DYZ3 x 0 

D18Z1 x 2 
DXZ1 x 2 
DYZ3 x 0 

D18Z1 x 2 
DXZ1 x 2 
DYZ3 x 0 

A. Yp xespe1111IAH roo 2 cell, ct>parMeHTblH 4aHap 
Good (ealAH) Grade 2(A), Yp xespe11 VH3mm: 2CG1, 

B. Yp xespen111Ar 63X)l(y'{IleH111IA Aapaa - 2CG2, 
C. Yp xespen111IAH roo 6 cell, ct>parMeHTblH 4aHap 

Poor (Myy) Grade 3(C), Yp xespe11 VH311am: 6CG3, 
D. Yp xespe!11111Ar 63X)l(y'{lleH11IA ,1:1apaa - 7CG3 

2 Yp xespen1t1CiH FISH Wl1H1!<11Dr33Hl10 yp nyH 
1 .1:1vrnap xocblH 6yxan VP xespe11A 13, 18, 21-p 

xpoMOCOMblr TOAOpxolAnox 13q14.2, 18p11 .1-q11.1 
(018Z1 ), 21 q22 .13 6yx111A 6VPA3fl npo6 aw111rnaxa,1:1 2 
3e3A yn6ap, HOrDOH, l..13HX3P eHrlAfAH cpmopee1..1eHL1 eHre 
rye 6yp 2 6vprrarAC3H Hb 13, 18, 21- xpoMOCOMYYA 
6vrA ,1:111nnolA,1:1 6VPA311T3IA 6a1Araar 1111apx111An>t< 6a1Araa 
6a 3,D,raap xpoMOCOMblH TOOHbl eep4D0DT 11npaarylA 
6alAHa. Tye VP xespe11111AH 2 ac xoeynaa r116p11A>1<yynarr 
opeoH 6alAHa (3ypar 2A. 28). 

2 Ayraap xocblH 6yxan yp xespen,1:1 Xp 11.1-
q 11 .1 (OXZ1), Yp11 .1-q11.1 (OYZ3), 18p11 .1-q11.1 
(018Z1) 6yx111A 6yp,1:1311 npo6 aw11rnaH Wl1H>KI13X3.Q 4 
ac3A HorooH, 1..1aHxap eHrnlAH cpmopee1..1eHL1 eHre rye 
6yp 2 6vprrnr,1:1eaH 6a yn6ap eHrnlAH cprnopec1..1eHL1 
6vprrarA33rylA Hb x 6a 18-p xpOMOeOMYYA ,1:1111n1101A,1:1 
6VPA3JlT31A TOAOpxolA11or,Qo>K, y xpoMOCOM ,D,33p 
r116p11A)l(yy11ar cyyraary!Ar 111mra)I( 6alAHa (3ypar 2C). 
3H3 Hb rye VP xeepe11 Hb 3M xylAeralAr TO.Qopxol.:111)1( 
6alAHa. TyyH4113H FISH Wll1H)l(ll1Ilr33raap yr xeepe1111IAH 
4 acaA Hb Rsar,QcaH 6011 2 acaA Hb FISH 
npo6 cyyraarylA , 6onoorylA 6alAHa. 

3X 6APL'IX 3M3mtA'IYVJl, XVVX3A CVAnAn I 2363 



• XOBOP TOXIOIQlon 

18 13 B c 
21 ,, 

1e r • ' · A 
18 • " 

21 18 

13 

3ypar 2. XpoMocoMblH 3ypaa 

3ypar 2. A. Yp xespen-1-L11iiH DAPI cyypb .Q33px 
13 6a 21 ,Qyraap xpoMocoMblH rn6pL1,Q}l('{Ynar, B. Yp 
xespen-1-L11iiH 13, 18 6a 21 Avraap xpoMocoMblH 
rn6plo1.Q)f(Vvmr, C. Yp xespen-2-blH X 6a 18 ,Qyraap 
xpoMOCOMblH rn6plo1,Q}l('{Ynar 

X3m"3M>K 
HexeH VP)f(L1XVIAH acyy,QanrylA rap 6vmalA 

xapbl\yynaxa,Q vpryliip,amalA xocyyp, 63.nr1-1IAH 6a 61-1e1-1IAH 
xpoMOCOMblH eepYnennalA 6aliix 3pC,Q3n 0H,Qep10•11 ·12• 

MoHro.n y.nca,Q vprylA,r:13malA r3p 6vm1IAH acyy,Qnb1r 
w1-11Ap,0apnax yyp,Haac 5 na6oparop1-1 VP w1-1m1<yynaH 
cyy.nra)f( 6aliiraa 6a yncblH X3M>K33HA >KL1n,D,33 500-
aac onoH r3p 6vn VP w1-1n}l('{YmH cyy.nrax apraap VP 
xyyxa.QT31A 6omK 6aliiHa. 3H3XVV MaHalA yncb1H aHaraax 
yxaaHA H3BTP3H Hyrarw1-1>t< 6a1Araa VP w1-1n}l('{Y.n3H 
cyy.nrax WL1H3 rexHo.nornlAr ,Qaran,QaH na6oparop1-1IAH 
HeXL1enp, 3BL\3n,QyyncaH VP xe0pen1-11Ar 3XL11AH yMalAA 
cyy.nraxaac 0MH0 30HXlo1nOH TOXlo10nAOX 13, 18, 21, x 6a 
Y xpoMocoMblH rooHbl eepYnem1-11iir oHownoH apyyn VP 
xe0pen1-11iir coHrox 3op1o1.nrorolii rye cy,Qanraar x1111iin33. 
X3.Q1111ii 61-1,QHi.ilil cy,QanraaHbl xaMpax xvp33 6ara, 2 
xocop, rypw111m cy.Qanraar x1-11iicaH Y cy.QanraaHbl VP 
AVHA rye FISH npo6yy,Qb!H 6VPA3n 6onox 13, 18, 21 6a 
X xpoMocoMyyA A33p xpoMocoM esepMeLI npo6yyAblH 
r1116p111p,)f(yyn3ryyc3lK, VP xeepe111111iiH ,Q111nnolii,Q 6Vp.Qn1111iir 
rop,opxo1imox 6onoM)f(Toliir 6arannaa. 

61-1,D,HllllA cy,D,anraaHbl XR3raapnar,D,Man ran Hb 
Yprylii,Q3n, H0X0H VP>KlllXVliiH TBB,D, 2019-2023 OHA VP 
w111.nlKYV.n3H cyynrax apraap xyyx3.QT31ii 60.ncoH 17 
xocrolii 3praH xo.n6orp,o>t<, cy,QanraaHA xaMpar,Qax 
xvc3m rapracHaac 3eexeH 2 xoc yp xeepen111lilH 
y,QaM3VlAH Wlo1H>KL1nf33HA xaMpar,QaXblr 30BWeepceH 
Hb 3H3 repn1-1!.1H cyp,a.nraar 3op111mb1H ,Qaryy, o.noH XVH 
xaMpyynlK x1-1"1X3A xyH.Qpan yypyyncaH. OpYlllH veA 
VP xeepen1111iir yMalA.Q cyy.nraxaac eMHex YA3M3V"1H 
OHOWl-1.nroo Xlo1CiX,Q33 6vx 23 xoc xpoMOCOMblH 6ai'.1,Qnblr 
HaraH 33p3r VH3n3x 6onoMlKTOIA Mi.iKpoappalA, ,Qapaa-
ve1-1IAH ceKBeHCL1lAH apryy,Qblr16, 17 30Bn0>K 6aliiraa 6on 
6111,QHi.ilii cy,Qa.nraaH,Qaa aw1o1macaH FISH Wlo1H>K1-1nraaHL1lii 

apraap 1 VP xeepen,q 1 y,QaarnliiH Wlo1H)f(lo1.nr33HL11ii 
apraap xaMr1-1liiH lo1X.Q33 3 xpoMocoMblH M3,D,3anan 
aeax 6onoMlKTOIA 6a1Araa Hb yr w1-1H>KL1nraaH1-1IA cyn 
ran 6onOBY 61-1,Q 30HXlo1I10H TOXlo10I1,QOX xpoMOCOMblH 
(13, 18, 21 , X 6a Y) eepYnenTYYAllllAr coHroMnoop 
TO.Qopxo!Anox 6onoM>KTolA 6alAHa. Hi.ilAT xyH 
aMralA xapbl\yynaxa,Q KrialAHcpemep1-1!'.1H xaMWlo1HlKT3IA 
0BYTHVVAL1lAH 3p 63nrnlAH 3C3A 13, 18, 21 33p3r 
ayrocOMblH xpoMOCOMblH TOOHbl eepYnenr TOXlo10I1AOX 
Hb 111x14•15 6a!A,Qarryn 1-1!'.1M xaMWlllH>KTalA v1Arnnyyn3ry1111iiH 
VP xeepen,Q A33PX VP xeepen111IAH y.QaMJVIAH w111HlK111.nr33r 
x1-1!'.1cHaap apyyn VP xespen1111Ar coHroH 3Xllli'.1H yMalAA 
cyynrax 6onoM)f(llllAr onro>K 6alAHa. 

,llyrH3nT 
MaHalii ynca,Q x1o11Ar.Q3>K 6yi'.1 FISH WL1H>K111nr33r3ap 

,Q33A Tan Hb 30HXlo1I10H TOXlllOil,QOX 3 xpoMOCOMblH 
(13, 18, 21, x 6a Y) TOOHbl eepYnemL11Ar OHOWilOX 
6onoM>KTolAr xapyynnaa. V1HracH33p 6111,D, 63nrL1!'.1H 
xpoMOCOMblH eepYnemT3!'.1 rap 6vn. 13, 18, 21-p 
xpoMOCOMblH T3HL\B3P>KC3H rpaHCI10KaL\lo1lAH eepYnenr 
6yx1111A xoco.Q 3pyyn XVVX3A repvvmx 6onoMlK1-11Ar onro>K 
6ai71Ha. 
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