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NON-DISJUNCTION
OF CHROMOSOME 21,
ALPHOID DNA VARIATION,
AND SOCIOGENETIC FEATURES
OF DOWN SYNDROME

L]

The analysis of non-disfurciion of chromosome 21 and
alpfaid DNA variation by using cyiogenetic and molecular
cviogenetic technigues (guantitative fluorescence in situ
hvbridization) in 74 nuclear families was performed. The
extablishment of possible correlation between alphoid DNA
variation, parenial age, environmental effects, and non-dis-
Juncrion of chromosome 2 was made. The efficiency of tech-
nigues applied was jound to be 92 % (68 from 74 cases).
Maternal non-disfunction was found in 58 cases {86 %) and
paternal non-digiunction — in 7 cases {10 %), Post-pyvgotic
miitotic non-disjuncion was determined in 2 cases (3 %) and
one case was associated with Robertsonian translocation
A0, XX dernf 21 2Dig kg 1), + 21, Matermal meiosis [ ervors
were found in 43 cases (64 %) and maternal meiosis [ errors —
in 15 cases (22 %), Paternal meiosis [ errors occurred in 2
carses (3 %) and parernal meiosis [ errors — in 5 cases (7 %)
The lack of the correlation between alphoid DNA variation
and non-disiunction of chromosome 21 was esiablished. So-
cingenetic analysis revealed the association af fntensive drug
therapy af infectious diseases during the periconceprual peri-
od and maternal meiotic ron-disfunction of chromasome 21,
The corvefation between non-disjunction of chromosome 21
and increased parenial age as well as exposure to frradiation,
alcohol, tobacco, mutagenic substances was not found., The
possible relevance of data obtained to the subseguen! studies
aof chromosome 21 non-disjunciion is discussed.
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Introduction. Trisomy of chromosome 21 is a lea-
ding cause of mental retardation and congenital
malformations in humans occurring in about | in
800 live births [1]. The aetiology of clinical entity
referred as Down syndrome was found to be tri-
somy 21 more than 45 years ago [2]. The current
trends in genetics of Down syndrome are focused
on the investigation of parental origin of trisomy
21 and its possible association with the environ-
mental effects such as pollution, exposure to alco-
hol, tobacco, and other mutagens as well as
parental age. The recognized mechanism of triso-
my formation associated with clinically distinct tri-
somy syndromes (such as Down syndrome) is non-
disjunction of chromosomes or sister chromatids
due to the errors occurring during meiosis. To date
non-disjunction of chromosome 21 in Down syn-
drome was studied more than in 150 families [3—
5]. Although these studies have brought new
insights in our comprehension of molecular mech-
anisms underlying Down syndrome there is still no
clear understanding concerning genetic and envi-
ronmental causes of trisomy 21,

Human chromosome 21 is characterized by in-
creased variability of DNA content within short
arm as well as centromeric heterochromating it is
the special case for alphoid satellite DNA [6—9].
This fact was used as the basis of the hypothesis
suggesting that variation of alphoid DNA may be
related to non-disjunction of chromosome 21 [10].
Subsequent studies of the correlation between
these two phenomena have vielded conflicting
results [11, 12]. Therefore, it is still of great inter-
est to test this hypothesis in a larger cohort of fam-
ilies with Down syndrome offspring.

Here, we have studied the alphoid DMNA varia-
tion and non-disjunction of chromosome 21 by
means of cytogenetic technique and qualitative as
well as quantitative fluorescence in situ hybridiza-
tion {FISH) in 74 families with children affected by
Down syndrome. A study for establishing the cor-
relation between non-disjunction of chromosome
21, environmental effects, and parental age was
made as well.

Materials and methods. Seventy four nuclear
families with children affected by Down syndrome
were subjected to cytogenetic, molecular cytoge-
netic, and sociogenetic analysis. All the families
originated from different regions of Russian Fede-
ration. Written informed consent was obtained
from the family members (mothers and fathers) for
whom the studies were carried out.
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Chromosomal preparations were obtained from
blood lymphocytes of mothers, fathers, and Down
syndrome affected children followed by metaphase
chromosome preparations and routine cytogenetic
analysis. All the procedures mentioned were per-
formed according to standard protocols [13] with
some modifications | 14]. The morphological pe-
culiarities of chromosome 21 were studied (speci-
ficity or presence of satellites, short arm (p) mor-
phology) in order to determine the parental origin
of chromosome 21 as described before |6, 12].

FISH was performed according to the previous-
ly described protocols of hybridization and detec-
tion [B, 9, 15—17]. The probe from the original
collection of DNA probes marking alphoid DNA
of chromosomes 13 and 21 were applied [8, 17,
18]. In order to exclude or confirm mosaicism for
trisomy 21, less than 100 metaphase spreads and
300 interphase nuclei were scored. Semi-quantita-
tive assessment of alphoid DNA variation of chro-
mosome 21 was performed as described by Verma
et al. [19]. Quantitative FISH assessment of chro-
mosome 21 heteromorphisms for identification of
non-disjunction origin and meiotic stage was per-
formed according to the protocol previously
described in details [20].

The sociogenetic features were assessed by in-
terviewing the parents of Down syndrome affected
children using the extended questionnaire including
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the guestions concerning periconceptional period
(infectious diseases; drug therapy; exposure to alco-
hol, tobacco, and substances with known mutagenic
effect). The special attention was paid to occasional
or professional exposure to irradiation (Sperling K.
and Pelz J., written communication, 2003).

Results and discussion. Routine cytogenetic ana-
Iysis has indicated 71 children to have an addition-
al chromosome 21. The parents of children with
Down syndrome except one mother were charac-
terized by normal karyotype. One family was char-
acterized by 43, XX, der(13;14){ql0;q10) karyotype
in mother and 46X, der(13;14)(ql10:q10),+21
karyotype in daughter. Case report was described
in one of the previous issues of this journal [21]. In
one infant with Down syndrome cytogenetic
analysis revealed the combined trisomy of chro-
mosome 21 and disomy of chromosome Y (48,
XYY, A21). In another Down syndrome affected
child the 46,XX.der(21;21)}ql0;ql10),+21 kary-
otype was found. FISH studies have confirmed the
data of cytogenetic analysis in 72 children and
their parents and have indicated the occurrence of
maosaicism for trisomy of chromosome 21 in two
infants with 86 and 75 % of trisomic clone content.

Cytogenetic analysis of chromosome 21 hetero-
morphism was found to be effective in 47 (64 %) of
the 74 cases for identification of non-disjunction
parental and meiotic origin. Fig. | demonstrates the
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Fig. 1. Schematic representation of cytogenetic investigation of chromao-
some 21 non-disjunction using G-banded chromosomes 21: ¢ — case of
maiemnal meiosis | non-disjunction; b — case of maternal meiosis 1 non-
disjunction; ¢ — case of paternal meiosis | non=disjunction; & — case of

d paternal meiosis 11 non-disjunction
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Fig. 2. ldentification of chromosome 21 non-disjunction
in a family with Down syndrome affected child by quanti-
tative FISH: g — quantification of FISH signal intensities
for chromosomes 13 and 21 in affected child; b — quantifi-
cation of FISH signal intensities for chromosomes 13 and
21 in mother; ¢ — guantification of FISH signal intensities
for chromosomes 13 and 21 in father. The comparative
analysis of the FISH signal intensity ratios allowed us to
conclude the non-disjunction of chromosome 21 to occur
in maternal meiosis 1 as two additional chromosomes 21 in
child have practically the same signal intensity

schematic representation of this analysis. Among
informative cases, 37 (79 %) were found to be due
to the non-disjunction of maternal origin and 10
(21 %) cases — of paternal origin. The assessment of
meiotic non-disjunction ongin have indicated errors
to occur in 24 (51 %) cases in maternal meiosis 1, 6
(13 %) cases — maternal meiosis I, 5 (11 %) cases —
paternal meiosis I, 2 (4 %) cases — paternal meiosis
I1. Seven (15 %) cases of maternal non-disjunction
and 3 (6 %) cases of paternal non-disjunction were
uninformative for determining the meiotic origin.

32

For gualitative assessment of alphoid DNA vari-
ation FISH signals for chromosome 21 were divid-
ed into five classes according to their size compa-
red with the length of short arm of chromosome | 8.
The lack of signal for chromosome 21 correspond-
ed to 0 point, very small signal — | point, small sig-
nal — 2 points, medium signal — 3 points, large
signal — 4 points, very large — 5 points [19]. This
approach allowed identifying of alphoid DNA vari-
ation in all the members of nuclear families. Among
222 individuals studied the lack of signal for chro-
mosome 21 was observed only in one mother.
Chromosomes 21 with very large FISH signal cor-
responding to the length of the chromosome 18
short arm were not detected at all. For the evalua-
tion of possible alphoid DNA contribution to non-
disjunction of chromosome 21 the mean values of
alphoid DNA sizes in three groups (affected chil-
dren, mothers, and fathers) were defined. Surpri-
singly, all three mean values of alphoid DNA sizes in
these groups (children, mothers and fathers) were
equal (numerical value — 2.2). These data were
then reconfirmed by guantitative FISH assay using
digital analysis of microscopic image. The data ob-
tained indicates that not only there is any correla-
tion between chromosome 21 non-disjunction and
alphoid DMNA size variation but also that the varia-
tion of chromosome 21 alphoid DNA is generally
the same for Down syndrome affected as well as
unaffected population,

Qualitative FISH assessment of alphoid DNA
variation was found to be effective in 41 (55 %) of
74 cases for identification of parental and meiotic
origin of chromosome 21 non-disjunction. Among
informative cases, 34 (83 %) were found to be due
to the non-disjunction of maternal origin and in 7
{17 %) cases the non-disjunction was of paternal
origin. Non-disjunction in maternal meiosis 1 was
observed in 23 (56 %) cases and maternal meiosis —
in 7 (17 %) cases. In 4 (10 %) cases of maternal
non-disjunction the analysis has not provided us
with the information about the meiotic origin of
non-disjunction (semi-informative cases). In cases
of trisomy 21 found to originate due to errors in
paternal meiosis one (2 %) case was found to be due
to the error occurred in meiosis [ and four (10 %)
cases — in meiosis 1. In two (5 %) cases of pater-
nal non-disjunction the analysis was semi-inform-
ative (the non-disjunction meiotic origin was unde-
terminable). As it was mentioned above two cases
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of Down syndrome were found to be mosaic for tri-
somy 21. Therefore, these two cases were attributed
to post-zygotic mitotic non-disjunction.

Quantitative FISH analysis performed by means
of digital capturing of microscopic pictures fol-
lowed by guantification of relative intensities of
FISH signals and its ratio comparison [20] was
used for confirmation of cytogenetic and gualita-
tive FISH studies of chromosome 21 non-disjunc-
tion (Fig. 2). The efficiency of this technique was
found to be 80 % (39 of 74 cases). In major part of
families studied guantitative FISH confirmed pre-
vious data. However, in a number of cases the
quantitative FISH approach has provided different
data concerning meiotic origin of non-disjunction
from cytogenetic and qualitative FISH analyses.
Due to the highest efficiency of guantitative FISH
detected the results obtained by this technigue were
considered as ultimate. In addition quantitative
FISH allowed the determination of non-disjunc-
tion origin and meiotic stage in 12 cases previously
classified as uninformative or semi-informative.
The data obtained have led us to conclude that
quantitative FISH application for identification of
parental and meiotic origin of trisomy 21 can be
applied directly after cytogenetic study skipping
the qualitative FISH analysis.

Taking into account the data obtained the over-
all efficiency of the technigues applied for the
study of chromosome 21 non-disjunction was as
effective as 92 % (68 of 74 cases). The combined
data on the non-disjunction of maternal origin was
indicated the errors to oceur during maternal meio-
sis 1 in 43 (64 %) of 68 informative cases and ma-
ternal meiosis Il — in 15 cases (22 %). In 7 (10 %)
of 68 informative cases the non-disjunction was of
paternal origin identified to occur during paternal
meiosis | in 2 (3 %) cases and paternal meiosis 11
in 5 (7 %) cases. Two cases (3 %) were character-
ized by post-zygotic mitotic non-disjunction. One
case (1 %) was found to be caused by Robertsonian
translocation 46 XX, der(21;21){ql10;g10),+21.
Quantitative FISH analysis allowed us to conclude
that two chromosomes 21 involved in Robertso-
nian translocation were of maternal origin. The
summary of chromosome 21 non-disjunction ana-
lysis performed in the present study is shown in
Fig. 3. It should be noted that independent quan-
titative fluorescent PCR study of non-disjunction
of chromosome 21 in 31 families from the group
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Fig. 3. Meiotic and parental origin of trisomy 21 in the
nuclear families studied

5 -
g4l .
[+
*E Ir e
-E 2 o LR R ] - * @
E | - * ¥ @& E L - LE I 1 - L L 2 ]
{} i i i i i i
15 20 25 30 35 44l 45 30
Maternal age
a
5
g4l
(¥l
S 3t *
-E 2 - LR ] -
=
Z 1r . . ae * +
u s L L. e | " i
15 20 25 30 35 40 45 50
Maternal age
b

Fig. 4. Maternal age and trisomy 21 due to non-disjunction
in maternal meiosis 1 {a) and 11 (). This demonstrates the
lack of the correlation between meiotic maternal non-dis-
Jjunction of chromosome 21 and maternal age

presently studied have completely confirmed our
results obtained by means of cytogenetic and
molecular cytogenetic techniques [22]. The data
on non-disjunction of chromosome 21 obtained in
the present study have been found to be in accor-
dance with previous comprehensive studies of
chromosome 21 non-disjunction [3—35, 22].

The meiotic process is very sensitive to endoge-
nous and exogenous factors. Parental age; expo-
sure to alcohol, tobacco, and other mutagenic sub-
stances;, exposure to irradiation are among the

33

TSitol. Genet. - Vol.39(6) www.cytgen.com



¥l 8.0, Vorsanova, 1. Y. Tourov, A.K. Beresheva, LA, Demidova, V. V. Monakhov, V.5, Kravers, 0. B. Bartseva... [

recognized effects associated with non-disjunction
of chromosome 21 [5, 22, 23]. In the present study
the sociogenetic features of Down syndrome were
assessed in order to establish the correlation bet-
ween parental age, environmental effects, and non-
disjunction of chromosome 21. The analysis of
maternal age effect is shown in Fig. 4, Our data in-
dicate that maternal age varied from 18 to 46 years
(mean age 30 vears) in families with children hav-
ing trisomy 21 due to maternal non-disjunction.
The analysis has indicated the lack of correlation
between maternal age and non-disjunction due to
errors in maternal meiosis | and 1. However, a lar-
ge proportion of previous studies stated the strict
correlation between increase of chromosomal tri-
somy frequency and maternal age [5]. The lack of
this correlation may be attributed to the specifity
of the group analyzed. However, the possibility of
determination of such correlation in a larger group
of families with Down syndrome offspring from a
smaller geographic area should not be excluded.
Among the cases ol paternal non-disjunction of
chromosome 21 the paternal age varied from 23 to
54 years (mean age 36 years). The correlation
between paternal age and non-disjunction of chro-
mosome 21 was not revealed as well. This is prob-
ably due to the lower amount of cases of paternal
non-disjunction.

As it was mentioned a large number of environ-
mental risk factors are supposed to have aetiologi-
cal significance for Down syndrome [3, 22].
Occasional or professional exposure to irradiation
is considered as one of the most important factors
that might contribute to chromosomal non-dis-
junction. We have investigated the rate of occa-
sional or professional exposure to irradiation of
mothers in cases of maternal non-disjunction as
well as fathers in cases of paternal non-disjunction.
Interviewing of the parents has shown that there
was not any professional exposure to the irradiat-
on. All the subjects informative for non-disjuncti-
on analysis have indicated that they were subjected
to irradiation no more than five times in medical
purposes only. This represents routine medical pro-
cedures known to be performed for general popu-
lation of Russia. Therefore, our data indicate that
there is no correlation between non-disjunction of
chromosome 21 and exposure to irradiation.

Additional environmental effects supposed to
make a possible contribution to trisomy formation

34

are exposure to alcohol, tobacco, and substances
with known mutagenic effects [5]. None of the
members of the studied families was found to have
alcoholic abuse. The majority of respondents have
indicated the lack of alcohol exposure during peri-
conceptual period and poor history of alcohol
consumption. In 12 cases fathers have provided the
information that they have frequently consumed
alcohol before the conception. However, all these
cases were characterized by trisomy 21 occurring
due to maternal non-disiunction. Only in 4 (7 %)
of 38 cases of maternal non-disjunction mothers
recognized that their alcohol consumption during
periconceptual period was more intensive than
usually. This data indicates that the alcohol con-
sumption may have only occasional effect on non-
disjunction of chromosome 21. The smoking his-
tory of mothers of children with trisomy 21 due to
maternal non-disjunction was estimated as poor,
This data allowed us to conclude the lack of signif-
icant contribution of maternal tobacco smoking to
chromosome 21 non-disjunction. Among cases of
paternal chromosome 21 non-disjunction 4 of 7 fa-
thers have classified themselves as regular smokers.
However, due to low amount of cases the associa-
tion between paternal non-digjunction and tobacco
exposure could not be recognized as significant.
The analysis of exposure to substances with known
mutagenic effects in Down syndrome children
parents revealed that only 3 (5 %) of 38 cases relat-
ed to maternal non-disjunction may be associated
with long-term history of subjection to mutagenic
substance effect. All additional positive answers con-
cerning exposure to mutagenic substances were
obtained from fathers of children affected by trisomy
21 found to be associated with maternal non-dis-
junction. Therefore, neither professional nor occa-
sional exposure to substances with mutagenic effects
was detected to be related to trisomy 21 formation.
The analysis of effect of contraceptives as well as
infectious disease drug therapy was carried out as
well. All the respondents have not indicated the
use of contraceptives during the periconceptual
period. Among the cases of maternal non-disjunc-
tion 25 (43 %) of 58 respondents (mothers) have
indicated to be affected by diagnosed infectious dis-
eases during the periconceptual period and, the-
refore, all of them were subjected to intensive drug
therapy (primarily antibiotics), The distribution of
meiotic origin in this group was as follows: 2 cases
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associated with maternal meiosis |1 non-disjunction
and 23 cases — with maternal meiosis | non-disjunc-
tion. The data obtained indicate the possibility of
intensive drug therapy of infectious diseases duning
the periconcepiual period in mothers w be related
aetiologically to non-disjunction of chromosome 21,

In conclusion of the study performed it should
be noted that alphoid DNA variation is not associ-
ated with non=disjunction of chromosome 21. The
combined application of cytogenetic and molecu-
lar cytogenetic technigues for chromosome 21
non-disjunction analyses was found to be as effec-
tive as 92 %. Taking into account the complete
accordance of the analysis with independent quan-
titative fluorescent PCR study we conclude the
combined use of cytogenetic and quantitative
FISH non-disjunction assays to be suitable for
identification of parental and meiotic origin of tri-
somy 21. Routine cytogenetic and molecular cyto-
genetic methods are considered as indispensable
for postnatal diagnosis of chromosome abnormal-
ity. Therefore, the possibility of direct identifica-
tion of chromosome 21 non-disjunction origin
during routine cviogenetic and molecular cyloge-
netic diagnosis of Down syndrome can be consid-
ered as an advantage of the techniques proposed. It
is noteworthy that it may be of additional signifi-
cance for the case-control surveillance of factors
supposed to contribute to trisomy 21 formation
performed in laboratories aimed to diagnose chro-
mosomal abnormalities. The examination of pa-
rental and meiotic origin of trisomy 21 carried out
was found to be in accordance with most compre-
hensive studies targeting to bringing together the
extended data on chromosome 21 non-disjunction
[3—5]. The sociogenetic analyses have shown that
strict correlation between exogenous as well as
endogenous effects and trisomy 21 formation is
only the case for intensive drug therapy of infec-
tious diseases during the periconceptual period in
mothers. Surprisingly, to the best of our knowledge
this correlation was not previously described.
Finally it should be emphasized that although we
are still far from determination of molecular
mechanisms underlying the formation of trisomy
21 the analysis of chromosome 21 non-disjunction
and its association with environmental effects
should not be abandoned in order to uncover the
mystery of genesis of one of the most common
human genetic disorder.
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PEIFOME. Tpopenen ananul HEPACKORICHIUA XPOMO-
coMil 21 0 papuaumy anspounroil JHK B 74 aneprbix
CeMBAX C IEThMM, CTPagaiMy cuiaposom davea, ¢ no-
MOUIBH UHTOrEHETHYSCKHX H MOAEKYTAPHO=-1IHTONZHETH -
YECKHX [ KOMWYECTREHHAA duinopeciieHTHAR THOHINIALINA
in situ) meronos. [NosMyMo 3Toro, Ghll TAKKE NPOBELEH
AHATHI KOPPensiHd MexIy BapuauWcii anshonaHomn
OHEK, poapactom poadtencit, (pakTopaMi OKpysaioLled
cpensl M HepacxoxaeHues xpomocomsl 21, SdubekTue-
HOCTE HCMOABIOBAHHELX METOR0B coctapnna 92 % (68 u3 74
cmyuaes). Marepunckoe Hepacxoxienve Bui10 obHApYKe-
HO B 538 coryuasx (86 %), otuopckoe — B 7 cyuasx (10 %),
MocTaMroTHyeckoe MHTOTHYCCKDS HEPacXoaIeHne Duo
onpeneaeHo B 2 cydans (3 %) 0 B ooHoM Chydae — pobepTt-
coOHOBCKAR TpaHctokaims 46, XX der (21,21 )(g10;q10),+21.
Oipnbke B MaTepiHckoM Meiose | Geenn obnapyaens b 43
cayuanx (64 %), o saTepuickos mediose [1 — 8 15 coyaanx
{22 %), Ownben B oTuosckom meiiose | DeUH onpenencHbl
B 2 cnyuaax (2 %), B oTuoBckomM smeiiose |l — B 5 cnyvaanx
(7 %5). Bbinn yCTAHOBIEHD OTCYTCTEHE KOPPETHIHE MERIY
papHatdel arsponanoi JHK 1 HepacxosieHHEM Xposo-
coMbl 21, CouMoreHeTHUECKni AHATHI NOKAIAn HaHYue
KOPPenAUMN MERXTY HHTEHCHRHON fexapeTpeHHoil Tepa-
MHeiH HHGEKIHONNMY 3A00NCRINAR B NEPHKOHLIENHOH -
HOM [ICPHOLE 1 HEPACXOMICHHEM XPOMOCOMBL 2] B MaTe-
puHckoM Moitose, Tlokazano Takse, YT0 HEPACKOAUREH NS
XPOMOCOMEL 2] HENRIN ONPEASTHTE JOCTOREPHO CRAZAH-
HEIM € DOABLETHM BOIPACTOM POAMTETEH, BOJICHCTEHEM pa-
AHAUMM, YnoTpeQacHHEM AIKOroiN, kKypeHHem Tabaka, a
TAKAKE BOUICACTEHEM XHMHYECKHX COSIMHEHNA ¢ MYTAISH-
Hbim aperton. ODCyRIaeTCR IHAMHUMOCTD TIOIVIEH HbLX
PEIVILETATOR [LTA NOCISIVIGUIHY HCCIEA0BAHNR HEPACKOMK-
MEHHA XpoMocomb 2.

PEIFOME. 3a 100oMOro LHTOMEHETHHHHY | MOJEKY-
NAPHO-TEHETHYHHX (KikKiCHA duivopectignTHa ridpuan-
JALWIA IN 5itU) METOIIE NPOBSESHO aHANII HEPO3NOLKEHHA
xpomocosi 21 1a sapianii ansdroiziol JHK v 74 cim'ax 3
NiTEMH, WO CTPARIAKTE HA cuHapoy Javea. Kpism Toro,
MPOBEACHO AHATIS KOPENsuil Mix Bapiaic anshoiaHol
JHEK, pikom Gatbkis, GakTopaMi OTOMYINOMO CEPEIOBH-
A Ta HepOIXQUKEHHAM XpoMocoMi 2], EdexrtirnicTs
BHKOPHCTAHMA MeTolin cknana 92 % (68 1 74 sunankin).
MarepHHCbKE HEPOIXOLKeHHA Dyno BrABICHe v 58 BH-
naakax (86 %), GaTbKiBCBKE HEPOIXOUKEHHA — ¥ T BH-
nagkax (10 %), [MocT3HroTHYHE MITOTHYHE HEPOIXoL-
WEHHA BH3HadeHo v 2 sunaokax (3 %) 1 B ooHoMy —
pobepTconiscbka Tpancaokas 46, XX, der(21;210gll;
qlly,+21. MNMoMHAKH B MaTepiHcbKoMY MeHo3l | BHABIEHI
¥ 43 punankax (64 %), B MaTepHHCBROMY Meitoai [l —y 15
punankax (21 %) MNomMuaku B GaThKiBCEKOMY Meiosi |
Bvan BMIHa4eHi v 2 punankax (2 %), v GaTeKiBCHKOMY
steitoai 1 — v 3 punankax (7 %), BeTaHorneHo BUCYTHICTE
KOopeaauii Mix sapiauicn ansgoindo IHK Ta Heposxon-
#eHHAM xposocomi 21, CouoreHeTHHUHRR aHanis noka-
AR HAENBHICTh KOPENALUT Mi# IHTEHCHBHOK NIKAPCHKOK
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Tepaniclo indekuiilnux xpopob ¥ nepikoHieniiHomMy
nepioni Ta HEPOIXOLKE HHAM XPOMOCOMH 21 B MaTePHHCE-
KoMy Meiiodi. Mokaiano Takox, o HEPOIKOEEEHHA Xpo-
MOCOMH 21 He MOKHA BHIHAYATH OOCTOBIPHO 3B'A3AHHM 3
BEMHKHM BIKOM DaTHKIR, MEK PATIALIT, BXHBAHHAM ATKO-
TG, MATIHHAM, 8 TAKO® BITHBOM XiMIYHHX cnoayk 3
MyTareHHMM ehektom. OOroBopicTeCA IHAYEHHA OTPH-
MAHHX PEIVILTATIE A78 HACTYNIHHX NOCNUIKEHH Hepod-
XOKEHHA XpoMocosMi 21,

110.
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