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Following the completion of the Human Genome Project, 
the strategic focus of modern genetics shifted towards 
functional genomics, encompassing non-coding regions of 
DNA, including total non-coding DNA and satellite stalks 
with ribosomal cistrons. These consist of repetitive sequences 
of nucleotides localized in heterochromatin, the functions of 
which still require clarification. The present study investigates 
the activity of ribosomal cistrons within chromatid satellite 
stalks (NOR heterochromatin) of acrocentric chromosomes 
in patients with Down Syndrome +21 (DS). The study 
comprised: 29 healthy fetuses (441 metaphases from culti-
vated amniotic fluid); 8 fetuses with DS (190 metaphases 
from cultivated amniotic fluid); 10 healthy newborns (290 
metaphases from cultivated lymphocytes); 10 newborn pa-
tients with DS (273 metaphases from cultivated lympho-
cytes) including: 5 newborn patients with trisomy DS (81 
metaphases) and 5 mosaic form of newborns with DS (46, 
XX or 46, XY/47, XX, +21 or 47, XY, +21) (192 meta-
phases). The activity of ribosomal cistrons of chromatid on 
the 14 chromosomes included in associations in the control 
group (healthy fetuses and healthy newborns) corresponding 
to the order: 21>14=22=13>15 and 21>14>22>13>15, 
respectively. In fetuses with DS (21>22>15>13>14), in 
newborns with DS (21>13>15=22>14), and with mosa-
icism of cells of newborns with DS (21>13>15>22>14), a 
statistically significant decrease in the activity of entering 
associations of chromatids 14 chromosomes was noted. It 
is noteworthy that, in fetuses, in newborns, and with mo-
saicism of cells of newborns with DS activity of entering in 
associations of 14 chromatids with homologous 14 chroma-
tids were not determined :21>13:13>15:15>22:22>14:14; 
21:21>22:22>13:13>15:15>14:14 and 21:21>13:13>

22:22>15:15>14:14). In fetuses and newborns (control 
group), the order was: 21:21>22:22>14:14>13:13=15:15 
and 14:14=22:22>21:21>13:13>15:15, respectively. These 
results indicate that in DS, the ribosomal cistrons of chroma-
tids on chromosomes 14 undergo epigenetic changes, leading 
to a reduction in the activity of ribosomal cistrons on these 
chromatids. This provides   a crucial foundation for the 
prevention, diagnosis, and treatment of DS.  The study of 
ribosomal gene activity at the level of different acrocentric 
chromosomes in pathologies represents a new direction for 
medicine, offering insights into both disease diagnosis and 
the development of novel treatment strategies in the future.

ÅÏ²ÃÅÍÅÒÈ×ÍÀ ÂÀÐ²ÀÁÅËÜÍ²ÑÒÜ 
ÐÈÁÎÑÎÌÍÈÕ ÖÈÑÒÐÎÍ²Â ÕÐÎÌÀÒÈÄ 
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Ï³ñëÿ çàâåðøåííÿ Ïðîºêòó ãåíîìó ëþäèíè ñòðà-
òåã³÷íèé ôîêóñ ñó÷àñíî¿ ãåíåòèêè ïåðåì³ñòèâñÿ íà 
ôóíêö³îíàëüíó ãåíîì³êó, ùî îõîïëþº íåêîäóþ÷³ 
÷àñòèíè ÄÍÊ, çîêðåìà ïîâí³ íåêîäóþ÷³ ÄÍÊ ³
ñàòåë³òí³ îñíîâè ç ðèáîñîìíèìè öèñòðîíàìè. Âîíè 
ñêëàäàþòüñÿ ç ïîâòîðþâàíèõ ïîñë³äîâíîñòåé íóê-
ëåîòèä³â, ëîêàë³çîâàíèõ ó ãåòåðîõðîìàòèí³, ôóíê-
ö³¿ ÿêîãî ùå íå çîâñ³ì ç’ÿñîâàí³. Ó öüîìó äîñ-
ë³äæåíí³ âèâ÷àºòüñÿ àêòèâí³ñòü ðèáîñîìíèõ öèñò-
ðîí³â óñåðåäèí³ õðîìàòèäíèõ ñàòåë³òíèõ îñíîâ 
(NOR ãåòåðîõðîìàòèí) àêðîöåíòðè÷íèõ õðîìîñîì
ó ïàö³ºíò³â ³ç ñèíäðîìîì Äàóíà +21 (ÑÂ). Äîñë³ä-
æåííÿ îõîïèëî: 29 çäîðîâèõ ïëîä³â (441 ìåòàôàçó 
ç êóëüòèâîâàíî¿ àìí³îòè÷íî¿ ð³äèíè); 8 ïëîä³â ç ÑÄ 
(190 ìåòàôàç ³ç êóëüòèâîâàíî¿ àìí³îòè÷íî¿ ð³äèíè);
10 çäîðîâèõ íîâîíàðîäæåíèõ (290 ìåòàôàç ³ç êóëü-
òèâîâàíèõ ë³ìôîöèò³â); 10 íîâîíàðîäæåíèõ ïàö³-
ºíò³â ³ç ÑÄ (273 ìåòàôàçè ³ç êóëüòèâîâàíèõ ë³ìôî-
öèò³â), çîêðåìà 5 íîâîíàðîäæåíèõ ïàö³ºíò³â ³ç òðè-
ñîì³ºþ ÑÄ (81 ìåòàôàçà) òà 5 ìîçà¿÷íèõ ôîðì ó 
íîâîíàðîäæåíèõ ³ç ÑÄ (46, XX àáî 46, XY/47, XX, 
+21 àáî 47, XY, +21) (192 ìåòàôàçè). Àêòèâí³ñòü 
ðèáîñîìíèõ öèñòðîí³â õðîìàòèäè íà õðîìîñîì³ 14
âêëþ÷àëà â ñåáå àñîö³àö³¿ â êîíòðîëüí³é ãðóï³ (çäî-
ðîâ³ ïëîäè ³ çäîðîâ³ íîâîíàðîäæåí³), ùî â³äïî-
â³äàëè òàêîìó ïîðÿäêó: 21>14=22=13>15 òà 21>
>14>22>13>15, â³äïîâ³äíî. Ó ïëîä³â ³ç ÑÄ (21>
>22>15>13>14), ó íîâîíàðîäæåíèõ ³ç ÑÄ (21>13>
>15=22>14) òà ç ìîçà¿öèçìîì êë³òèí íîâîíàðîä-
æåíèõ ³ç ÑÄ (21>13>15>22>14) áóëî çàðåºñòðîâàíî 
ñòàòèñòè÷íî çíà÷èìå çíèæåííÿ àêòèâíîñò³ âõîä-
æåííÿ â àñîö³àö³¿ õðîìàòèä õðîìîñîìè 14. Âàðòî 
â³äì³òèòè, ùî í³ ó ïëîä³â, í³ â íîâîíàðîäæåíèõ, 
í³ ïðè ìîçà¿öèçì³ êë³òèí íîâîíàðîäæåíèõ ³ç ÑÄ
íå áóëî âèçíà÷åíî àêòèâíîñò³ âõîäæåííÿ 14 õðî-
ìàòèä â àñîö³àö³¿ ç ãîìîëîã³÷íèìè 14 õðîìàòèäà-
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ìè (21:21>13:13>15:15>22:22>14:14; 21:21>22:22>13:13
>15:15>14:14 òà 21:21>13:13>22:22>15:15>14:14). Ó ïëî-
äàõ ³ íîâîíàðîäæåíèõ (êîíòðîëüíà ãðóïà) ïîðÿäîê 
áóâ òàêèì: 21:21>22:22>14:14>13:13=15:15 òà 14:14=
=22:22>21:21>13:13>15:15, â³äïîâ³äíî. Ö³ ðåçóëüòàòè 
âêàçóþòü íà òå, ùî ïðè ÑÄ ðèáîñîìí³ öèñòðîíè 
õðîìàòèä íà õðîìîñîì³ 14 ïðîõîäÿòü åï³ãåíåòè÷-
í³ çì³íè, ùî ïðèçâîäÿòü äî çíèæåííÿ àêòèâíîñò³ 
ðèáîñîìíèõ öèñòðîí³â íà öèõ õðîìàòèäàõ. Öå çà-
áåçïå÷óº íàäçâè÷àéíî âàæëèâó îñíîâó äëÿ ïîïå-
ðåäæåííÿ, ä³àãíîñòèêè òà ë³êóâàííÿ ÑÄ. Âèâ÷åí-
íÿ àêòèâíîñò³ ðèáîñîìíèõ ãåí³â íà ð³âí³ ð³çíèõ 
àêðîöåíòðè÷íèõ õðîìîñîì ïðè ïàòîëîã³ÿõ âèçíà÷àº 
íîâèé íàïðÿìîê ðîçâèòêó ìåäèöèíè, ïîãëèáëþþ÷è 
ðîçóì³ííÿ ä³àãíîñòèêè õâîðîáè ³ ñïðèÿþ÷è ðîçâèò-
êó íîâ³òí³õ ñòðàòåã³é ë³êóâàííÿ â ìàéáóòíüîìó.
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