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Apples are as one of the most popular and economically 
important fruits worldwide, have the important nutritional 
and ornamental value. However, because of their complexity, 
studies on apple mitochondrial (mt) genomes have been 
limited.  In this study, the mt genomes of Aksu Fuji and 
Ralls Janet cultivars were assembled, annotated, and 
analyzed based on a hybrid strategy using Illumina, and 
comprehensive comparisons of their structure, gene content, 
intercellular gene transfer, phylogeny, and RNA editing sites 
were performed. The mt genome length and gene structure 
of the two apple cultivars were identical (396,592 bp) and 
included 63 protein-coding genes (PCGs), 20 transfer RNA 
(tRNA) genes, and 4 ribosomal RNA (rRNA) genes. There 
were 44 and 31 mitochondrial plastid fragments (MTPTs) 
identified between the mt and plastid genomes of the Ralls 
Janet and Aksu Fuji cultivars, accounting for 1.98 and 
2.19 % of their mt genomes, respectively. Furthermore, there 
were 419 and 421 RNA editing sites were detected in Aksu 
Fuji and Ralls Janet, respectively. Analyses of coding usage 
bias, nucleotide diversity, selection pressure, and genetic 
distance revealed that the mt genomes of the two cultivars 
were highly conserved. Phylogenetic analysis of 29 Rosaceae 
species showed that Aksu Fuji and Ralls Janet clustered 
with Malus baccata and M. kansuensis. This study provides 
new insights into the genetics, systematics, and evolution of 
apple mt genomes

Key words: cultivated apple, mitochondrial genome, mito-
chondrial plastid sequences, RNA editing sites, phylogene-
tic analysis.

ÏÎÂÍ² Ì²ÒÎÕÎÍÄÐ²ÀËÜÍ² ÃÅÍÎÌÈ 
ÄÂÎÕ ÑÎÐÒ²Â ßÁËÓÊ ÄÅÌÎÍÑÒÐÓÞÒÜ 
ÂÈÑÎÊÎÊÎÍÑÅÐÂÀÒÈÂÍÓ ÑÒÐÓÊÒÓÐÓ

ßáëóêà º îäíèìè ç íàéïîïóëÿðí³øèõ òà åêîíîì³÷íî 
âàæëèâèõ ôðóêò³â ó âñüîìó ñâ³ò³ ³ ìàþòü ÿê õàð÷îâó, 
òàê ³ äåêîðàòèâíó ö³íí³ñòü. Îäíàê, äîñë³äæåííÿ 
ì³òîõîíäð³àëüíèõ (mt) ãåíîì³â ÿáëóê ïðîâîäÿòüñÿ 
ð³äêî ÷åðåç ¿õíþ ñêëàäí³ñòü. Ó öüîìó äîñë³äæåíí³ 
áóëî ç³áðàíî, àíîòîâàíî òà ïðîàíàë³çîâàíî mt-
ãåíîìè ñîðò³â Àêñó Ôóäæ³ òà Ðîëëñ Äæåíåò íà 
îñíîâ³ ã³áðèäíî¿ ñòðàòåã³¿ ç âèêîðèñòàííÿì Illumina, 
à òàêîæ ïðîâåäåíî âñåá³÷íå ïîð³âíÿííÿ ¿õíüî¿ 
ñòðóêòóðè, âì³ñòó ãåí³â, ì³æêë³òèííîãî ïåðåíîñó 
ãåí³â, ô³ëîãåíåçó òà ñàéò³â ðåäàãóâàííÿ ÐÍÊ. Äîâ-
æèíà ãåíîìó mt ³ ñòðóêòóðà ãåí³â äâîõ ñîðò³â ÿáëóê 
áóëè ³äåíòè÷íèìè (396, 592 ï.í.) ³ âêëþ÷àëè 63 ãåíè, 
ùî êîäóþòü á³ëêè (PCG), 20 ãåí³â òðàíñïîðòíèõ 
ÐÍÊ (òÐÍÊ) ³ 4 ãåíè ðèáîñîìíèõ ÐÍÊ (ðÐÍÊ). 
Ì³æ mt ³ ïëàñòèäíèìè ãåíîìàìè ñîðò³â Ðîëëñ 
Äæåíåò ³ Àêñó Ôóäæ³ áóëî âèÿâëåíî 44 ³ 31 
ì³òîõîíäð³àëüíî-ïëàñòèäíèõ ôðàãìåíò³â (MTPT), 
ùî ñòàíîâèòü 1,98 ³ 2,19 % â³ä ¿õí³õ mt ãåíîì³â, 
â³äïîâ³äíî. Êð³ì òîãî, áóëî âèÿâëåíî 419 òà 421 
ñàéò ðåäàãóâàííÿ ÐÍÊ ó Àêñó Ôóäæ³ òà Ðîëëñ Äæå-
íåò, â³äïîâ³äíî. Àíàë³ç çñóâó âèêîðèñòàííÿ êîäó-
âàííÿ, íóêëåîòèäíîãî ð³çíîìàí³òòÿ, ñåëåêö³éíîãî 
òèñêó òà ãåíåòè÷íî¿ äèñòàíö³¿ ïîêàçàâ, ùî mt-ãå-
íîìè îáîõ ñîðò³â º âèñîêîêîíñåðâàòèâíèìè. Ô³ëî-
ãåíåòè÷íèé àíàë³ç 29 âèä³â ðîçîöâ³òèõ ïîêàçàâ, 
ùî Àêñó Ôóäæ³ òà Ðîëëñ Äæåíåò êëàñòåðèçóþòüñÿ 
ç Malus baccata òà M. kansuensis. Öå äîñë³äæåííÿ 
äàº íîâ³ óÿâëåííÿ ïðî ãåíåòèêó, ñèñòåìàòèêó òà 
åâîëþö³þ mt-ãåíîì³â ÿáëóê.

Êëþ÷îâ³ ñëîâà: âèðîùóâàí³ ÿáëóêà, ì³òîõîíäð³àëüíèé 
ãåíîì, ïîñë³äîâí³ñòü ì³òîõîíäð³àëüíèõ ïëàñòèä, 
ñàéòè ðåäàãóâàííÿ ÐÍÊ, ô³ëîãåíåòè÷íèé àíàë³ç.
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