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Spinal muscular atrophy (SMA) is an autosomal recessive 
heritable disorder leading to abnormalities and dysfunction 
of alpha motor neurons, paralysis, and eventual death 
due to respiratory failure. However, the gene regulatory 
mechanism related to SMA is still not completely clear. 
Here, we constructed the gene regulatory network of SMA, 
in which several SMA-related genes and transcription 
factors played important roles. In the process, 6544 
differentially expressed genes (DEGs) associated with 
SMA were used and the enrichment analysis and gene 
regulatory network construction using machine learning was 
performed. The result showed that, firstly, p53 signaling 
and DNA replication are closely related to SMA. Then, 
there is a huge and complicated regulatory network guided 
by SMA, in which transcription factor SNAPC2, MZF1, 
and ZNF711 interacted closely with SMA-related genes 
(SMN1, SMN2) and played key roles in regulating genes of 
p53 signaling, DNA replication and other SMA-related GO 
(Gene Ontology) terms. The transcriptome data was well 
verified through real-time fluorescence quantitative PCR 
(RT-qPCR) using the peripheral blood of spinal muscular 
atrophy patients. Our study revealed the complicated gene 
regulation network of SMA, and uncover several important 
SMA-related genes, which it deepens our understanding of 
SMA-related regulatory mechanisms.

Key words: Spinal muscular atrophy, transcription factors, 
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ÄÎÑË²ÄÆÅÍÍß ÃÅÍÍÎ¯ ÐÅÃÓËßÒÎÐÍÎ¯ 
ÌÅÐÅÆ², ÏÎÂ’ßÇÀÍÎ¯ Ç² ÑÏ²ÍÀËÜÍÎÞ 
Ì’ßÇÎÂÎÞ ÀÒÐÎÔ²ªÞ 

Ñï³íàëüíà ì’ÿçîâà àòðîô³ÿ (ÑÌÀ) — öå àóòîñîìíî-
ðåñåöèâíèé ñïàäêîâèé ðîçëàä, ùî ïðèçâîäèòü äî 
ïàòîëîã³¿ ³ äèñôóíêö³¿ àëüôà-ìîòîðíèõ íåéðîí³â, 
ïàðàë³÷ó ³ çðåøòîþ ñìåðò³ ÷åðåç äèõàëüíó íå-
äîñòàòí³ñòü. Îäíàê ìåõàí³çì ãåííî¿ ðåãóëÿö³¿, ïî-
â’ÿçàíèé ç³ ÑÌÀ, âñå ùå íå äî ê³íöÿ çðîçóì³ëèé. 
Ó öüîìó äîñë³äæåíí³ ìè ñêîíñòðóþâàëè ãåííó 
ðåãóëÿòîðíó ìåðåæó ÑÌÀ, â ÿê³é ê³ëüêà ïîâ’ÿçàíèõ 
³ç ÑÌÀ ãåí³â ³ òðàíñêðèïö³éíèõ ôàêòîð³â â³ä³ãðàþòü 
âàæëèâó ðîëü. Ó ïðîöåñ³ ðîáîòè áóëî âèêîðèñòàíî 
6544 äèôåðåíö³éîâàíî åêñïðåñîâàíèõ ãåí³â (DEG),
ïîâ’ÿçàíèõ ³ç ÑÌÀ, ³ ïðîâåäåíî àíàë³ç çáàãà÷åííÿ 
òà ïîáóäîâó ãåííî¿ ðåãóëÿòîðíî¿ ìåðåæ³ ç âèêî-
ðèñòàííÿì ìàøèííîãî íàâ÷àííÿ. Ðåçóëüòàòè ïðî-
äåìîíñòðóâàëè, ùî, ïî-ïåðøå, ñèãíàë³çàö³ÿ ð53 ³ 
ðåïë³êàö³ÿ ÄÍÊ ò³ñíî ïîâ’ÿçàí³ ç³ ÑÌÀ. Ïî-äðóãå, 
³ñíóº âåëè÷åçíà ³ ñêëàäíà ðåãóëÿòîðíà ìåðåæà, 
êåðîâàíà ÑÌÀ, â ÿê³é òðàíñêðèïö³éí³ ôàêòîðè 
SNAPC2, MZF1 ³ ZNF711 ò³ñíî âçàºìîä³þòü ç ãåíàìè, 
ïîâ’ÿçàíèìè ç ÑÌÀ (SMN1, SMN2), ³ â³ä³ãðàþòü 
êëþ÷îâó ðîëü ó ðåãóëÿö³¿ ãåí³â ñèãíàë³çàö³¿ p53, 
ðåïë³êàö³¿ ÄÍÊ òà ³íøèõ ïîâ’ÿçàíèõ ³ç ÑÌÀ 
òåðì³í³â GO (Gene Ontology). Òðàíñêðèïòîìí³ äàí³ 
áóëè âåðèô³êîâàí³ çà äîïîìîãîþ ôëóîðåñöåíòíî¿ 
ê³ëüê³ñíî¿ ÏËÐ ó ðåàëüíîìó ÷àñ³ (RT-qPCR) ç âè-
êîðèñòàííÿì ïåðèôåðè÷íî¿ êðîâ³ ïàö³ºíò³â ç³ ñï³-
íàëüíîþ ì’ÿçîâîþ àòðîô³ºþ. Íàøå äîñë³äæåííÿ 
âèÿâèëî ñêëàäíó ìåðåæó ãåííî¿ ðåãóëÿö³¿ ÑÌÀ òà
â³äêðèëî ê³ëüêà âàæëèâèõ ãåí³â, ïîâ’ÿçàíèõ ³ç 
ÑÌÀ, ùî ïîãëèáëþº íàøå ðîçóì³ííÿ ðåãóëÿòîðíèõ 
ìåõàí³çì³â, ïîâ’ÿçàíèõ ³ç ÑÌÀ.

Êëþ÷îâ³ ñëîâà: ñï³íàëüíà ì’ÿçîâà àòðîô³ÿ, òðàíñêðèï-
ö³éí³ ôàêòîðè, ìàøèííå íàâ÷àííÿ, ñèãíàë³çàö³ÿ p53.
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