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Àííîòàöèÿ�Ïðåäëîæåí àëãîðèòì ïîèñêà êîíñåðâàòèâíûõ íåòðàíñëèðóåìûõ ó÷àñòêîâ â
ìÐÍÊ ñ ó÷åòîì äåðåâà âèäîâ. Â ÷àñòíîñòè, íàéäåíû ñèãíàëû ó ãåíîâ, èìåþùèõ èíòðî-
íû è òðàñêðèáèðóåìûõ â õëîðîïëàñòàõ ðàñòåíèé èç Embryophyta. Ó ìíîãèõ õëîðîïëà-
ñòîâ ãåíû áåëêîâ èìåþò èíòðîíû. Ïîýòîìó òðàíñëÿöèÿ íå ìîæåò ïðîèñõîäèòü ñðàçó ïîñëå
òðàíñêðèïöèè, êàê ýòî èìååò ìåñòî ó áàêòåðèé. Â òîæå âðåìÿ àïïàðàò òðàíñëÿöèè ó õëî-
ðîïëàñòîâ î÷åíü áëèçîê ê òàêîâîìó ó áàêòåðèé. Â ñòàòüå îïèñàí ïîòåíöèàëüíûé ñèãíàë,
êîòîðûé ìîã áû îáåñïå÷èâàòü òàêóþ çàäåðæêó íà÷àëà òðàíñëÿöèè ãåíà ñ èíòðîíàìè.

1. ÂÂÅÄÅÍÈÅ

Ó ìíîãèõ õëîðîïëàñòîâ ãåíû áåëêîâ èìåþò èíòðîíû, èëè áåëîê òðàíñëèðóåòñÿ ñ ìÐÍÊ,
îáðàçîâàííîé òðàíñ-ñïëàéñèíãîì èç ðàçíûõ òðàíñêðèïòîâ. Ïîýòîìó òðàíñëÿöèÿ íå ìîæåò ïðî-
èñõîäèòü ñðàçó ïîñëå òðàíñêðèïöèè, è, ñîîòâåòñòâåííî, ðèáîñîìà íå ìîæåò äâèãàòüñÿ âäîëü
ìÐÍÊ ñðàçó ïîñëå ÐÍÊ-ïîëèìåðàçû, êàê ýòî èìååò ìåñòî ó áàêòåðèé. Â òîæå âðåìÿ àïïàðàò
òðàíñëÿöèè ó õëîðîïëàñòîâ î÷åíü áëèçîê ê òàêîâîìó ó áàêòåðèé (íå òðåáóåòñÿ êýïèðîâàíèå 5′

êîíöà ìÐÍÊ, êàê ó ýóêàðèîòîâ, ñòðîåíèå ðèáîñîì áëèçêîå, òðàíñëÿöèÿ ìÐÍÊ èíãèáèðóåòñÿ
õëîðàìôåíèêîëîì, êàê è ó áàêòåðèé, è ò.ä.).

Â ðåäêèõ ñëó÷àÿõ âðåìÿ, íåîáõîäèìîå äëÿ ñïëàéñèíãà, ìîãëî áû îáåñïå÷èâàòüñÿ çà ñ÷åò ðå-
äàêòèðîâàíèÿ ìÐÍÊ: íàïðèìåð, çà ñ÷åò ïðåîáðàçîâàíèÿ êîäîíà ACG â ñòàðò êîäîí AUG, [1].
Èçâåñòíî, ÷òî ó Chlamydomonas reinhardtii òðàíñëÿöèÿ ìíîãèõ ãåíîâ (áåç èíòðîíîâ) ðåãóëèðó-
åòñÿ áåëêàìè, ñâÿçûâàþùèìè 5′ íåòðàíñëèðóåìûå îáëàñòè ìÐÍÊ, [2], [3], [4].

Â [5] âûñêàçàíî ïðåäïîëîæåíèå, ÷òî íà÷àëî òðàíñëÿöèè ãåíà ñ èíòðîíàìè íåêîòîðûì ìå-
õàíèçìîì çàäåðæèâàåòñÿ äî çàâåðøåíèÿ ñïëàéñèíãà. Â íàøåé çàìåòêå îïèñàí ïîòåíöèàëüíûé
ñèãíàë, êîòîðûé ìîã áû îáåñïå÷èâàòü òàêóþ çàäåðæêó íà÷àëà òðàíñëÿöèè ãåíà ñ èíòðîíàìè. Â
çàìåòêå òàêæå ïðåäëàãàåòñÿ ìîäèôèêàöèÿ àëãîðèòìà, îïèñàííîãî â [6] è [7]. Ýòà ìîäèôèêàöèÿ
òåñòèðîâàëàñü è ïîêàçàëà ñâîþ ýôôåêòèâíîñòü, â ÷àñòíîñòè, íà ïðèìåðå ïîèñêà ñèãíàëîâ, ò.å.
êîíñåðâàòèâíûõ 5′ íåòðàíñëèðóåìûõ ó÷àñòêîâ â ìÐÍÊ, ó ãåíîâ atpF è petB, èìåþùèõ èíòðî-
íû è òðàñêðèáèðóåìûõ â õëîðîïëàñòàõ ðàñòåíèé èç Embryophyta. Ýòè ðàñòåíèÿ ïåðå÷èñëåíû
â òàáëèöå 1.

1 Ðàáîòà ÷àñòè÷íî ïîääåðæàíà ãðàíòîì ÌÍÒÖ 2766.
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Òàêñîí Âèä Ðèáîñîìàëüíûå áåëêè

Embryophyta Anthoceros formosae L2 L16 S12 S16
Marchantia polymorpha (ïå÷åíî÷íèê) L16 S12

- Tracheophyta Adiantum capillus-veneris (ïàïîðîòíèê) L2 L16 S12 S16
Huperzia lucidula (ïëàóí) L2 L16 S12 S16
Psilotum nudum (ïàïîðîòíèê) L2 L16 S12

- - Spermatophyta Pinus koraiensis L2 L16 S12
Pinus thunbergii (÷¼ðíàÿ ñîñíà) L2 L16 S12

- - - Magnoliophyta Amborella trichopoda L2 L16 S12 S16
Arabidopsis thaliana L2 L16 S12 S16
Atropa belladonna L2 L16 S12 S16
Calycanthus �oridus L2 L16 S12 S16
Cucumis sativus (îãóðåö) L2 S12 S16
Epifagus virginiana L2 L12 L16 S12
Lotus corniculatus (ëåäâÿíåö ðîãàòûé) L2 L16 S12 S16
Nicotiana tabacum L2 L16 S12 S16
Nymphaea alba (êóâøèíêà áåëàÿ) L2 L16 S12 S16
Panax ginseng (æåíüøåíü îáûêíîâåííûé) L2 L16 S12 S16
Spinacia oleracea (øïèíàò) L16 S12 S16
Oryza nivara (ðèñ) L2 L16 S12 S16
Oryza sativa (ðèñ) L2 L16 S12 S16
Triticum aestivum (ïøåíèöà) L2 L16 S12 S16
Zea mays (êóêóðóçà) L2 L16 S12 S16

Òàáëèöà 1. Ðèáîñîìàëüíûå áåëêè õëîðîïëàñòîâ ðàñòåíèé èç Embryophyta, ãåíû êîòîðûõ
ïîäëåæàò ñïëàéñèíãó. Çíàê �-� óêàçûâàåò íà ïðèíàäëåæíîñòü ê ïîäòàêñîíó ïðåäûäóùåãî òàê-
ñîíà.

2. ÌÀÒÅÐÈÀËÛ È ÌÅÒÎÄÛ

Ãåíîìû õëîðîïëàñòîâ âçÿòû èç ÃåíÁàíêà.

Â êà÷åñòâå íàáîðà èñõîäíûõ ïîñëåäîâàòåëüíîñòåé áðàëèñü ëèäåðíûå îáëàñòè ïåðåä îðòî-
ëîãè÷íûìè ãåíàìè. Â îáùåì ñëó÷àå ìîæíî èñêàòü ñèãíàë � êîíñåðâàòèâíûå ó÷àñòêè â òàêîì
íàáîðå ñ ïîìîùüþ àëãîðèòìà ïîèñêà êëèêè â ìíîãîäîëüíîì ãðàôå, êîòîðûé îïèñàí â [6] è [7].
Íî êîãäà èñõîäíûå ïîñëåäîâàòåëüíîñòè ïðèíàäëåæàò ãåíîìàì, äëÿ êîòîðûõ èçâåñòíî äåðå-
âî âèäîâ, ýòîò àëãîðèòì ìîæåò áûòü óäà÷íî óñîâåðøåíñòâîâàí, êàê ýòî îïèñàíî íèæå. Ïðè
òåñòèðîâàíèè òàê óñîâåðøåíñòâîâàííîãî àëãîðèòìà áûë ïîëó÷åí ðåçóëüòàò, ïîêàçàííûé â òàá-
ëèöàõ 2 è 3.

Èñõîäíûé íàáîð ïîñëåäîâàòåëüíîñòåé â àëôàâèòå {A, U, C, G} ðàçáèâàåòñÿ íà ãðóïïû, ñî-
ñòîÿùèå èç áëèçêîðîäñòâåííûõ ïî äåðåâó âèäîâ ïîñëåäîâàòåëüíîñòåé, è â êàæäîé ãðóïïå ïî
îòäåëüíîñòè èùåòñÿ ñèãíàë � íàáîð ïîïàðíî áëèçêèõ ñàéòîâ ôèêñèðîâàííîé äëèíû n (êîòî-
ðàÿ âîçðàñòàëà äî òåõ ïîð, ïîêà ñèãíàë íå òåðÿåòñÿ â çàìåòíîé ÷àñòè ïîñëåäîâàòåëüíîñòåé
èç òàêîé ãðóïïû). Òàêèì îáðàçîì, äëÿ êàæäîé ôèëîãåíåòè÷åñêîé ãðóïïû íàõîäèòñÿ îäèí èëè
íåñêîëüêî ñèãíàëîâ. Êàæäûé ñèãíàë îïðåäåëÿåò ñâîþ âåñîâóþ ìàòðèöó � ìàòðèöó ðàçìåðà
4 × n, â êîòîðîé óêàçàíû ÷àñòîòû âñòðå÷àåìîñòè êàæäîé áóêâû â êàæäîì ñòîëáöå ñèãíàëà.
Çàòåì îòáèðàþòñÿ öåïî÷êè òàêèõ ìàòðèö, ó êîòîðûõ èìåþòñÿ ïîïàðíî áëèçêèå ïîäìàòðèöû
îäíîãî (ïî âîçìîæíîñòè, áîëüøîãî) ðàçìåðà 4×m, è ýòà öåïî÷êà îïðåäåëÿåò íàáîð ïîñëåäîâà-
òåëüíîñòåé óæå èç ðàçíûõ ôèëîãåíåòè÷åñêèõ ãðóïï è ñîîòâåòñòâóþùèé ýòîìó íàáîðó îáùèé
ñèãíàë. Ýòîò øàã àëãîðèòìà âûïîëíÿåòñÿ ñ ïîìîùüþ òîãî æå èñõîäíîãî àëãîðèòìà ïîèñêà
êëèêè â ìíîãîäîëüíîì ãðàôå.

ÈÍÔÎÐÌÀÖÈÎÍÍÛÅ ÏÐÎÖÅÑÑÛ ÒÎÌ 5 � 4 2005



ÏÎÈÑÊ ÊÎÍÑÅÐÂÀÒÈÂÍÛÕ Ó×ÀÑÒÊÎÂ 267

Íàêîíåö, âûïîëíÿåòñÿ ñáîðêà îäíîñàéòîâûõ ñèãíàëîâ â ìíîãîñàéòîâûå, êîòîðûå óæå, âî-
îáùå ãîâîðÿ, ðàçäåëåíû íåêîíñåðâàòèâíûìè ó÷àñòêàìè. È çàòåì ñòðîèòñÿ ìíîæåñòâåííîå âû-
ðàâíèâàíèå, ñîãëàñîâàííîå ñ íàéäåííûìè ñèãíàëàìè è ñ èñõîäíûì äåðåâîì âèäîâ.

3. ÐÅÇÓËÜÒÀÒÛ ÒÅÑÒÈÐÎÂÀÍÈß

3.1. ÀÒÔ ñèíòàçà

Ãåí atpF, êîäèðóþùèé îäíó èç ñóáúåäèíèö ÀÒÔ ñèíòàçû, èìååò èíòðîíû â ãåíàõ õëîðî-
ïëàñòîâ èç Embryophyta (êðîìå Epifagus virginiana � íå ôîòîñèíòåçèðóþùåãî ïàðàçèòà). Ó
Adiantum capillus-veneris ñòàðò êîäîí AUG ïîëó÷àåòñÿ èç êîäîíà ACG ïðè ðåäàêòèðîâàíèè
ìÐÍÊ. Â îñòàëüíûõ ñëó÷àÿõ ñòàðò êîäîíîì ÿâëÿåòñÿ RUG, ãäå R � îäèí èç íóêëåîòèäîâ A èëè
G. Â ëèäåðíûõ îáëàñòÿõ ãåíà atpF ó âèäîâ èç Embryophyta íàéäåíû ïî äâà êîíñåðâàòèâíûõ
ó÷àñòêà, êîíñåíñóñû êîòîðûõ ñîîòâåòñòâåííî ðàâíû AAUNAAAAAA è UAUCUAUAAGAGGA-
GANNA, âòîðîé ó÷àñòîê ðàñïîëîæåí ïðàâåå è âáëèçè ñòàðòà òðàíñëÿöèè ãåíà, îí ïåðåêðûâà-
åò ïðåäïîëàãàåìûé ñàéò ñâÿçûâàíèÿ ðèáîñîìû, òàáëèöà 2. Çäåñü N îçíà÷àåò ïðîèçâîëüíûé
íóêëåîòèä. Ìåæäó ýòèìè êîíñåðâàòèâíûìè ó÷àñòêàìè ðàñïîëîæåíû AU áîãàòûå íåêîíñåðâà-
òèâíûå ó÷àñòêè ñ äëèíàìè îò 19 äî 61 íóêëåîòèäîâ, íåêîíñåðâàòèâíûå äàæå â Magnoliophyta.
Â òàáëèöå 2 ïîêàçàíî ñîîòâåòñòâóþùåå ìíîæåñòâåííîå âûðàâíèâàíèå 5′ ëèäåðíûõ îáëàñòåé,
íåïîñðåäñòâåííî ïðèìûêàþùèõ ê ñòàðò êîäîíó ãåíà. Âåðîÿòíî, íåêîòîðûé áåëîê ïðåäîòâðà-

ùàåò èíèöèàöèþ òðàíñëÿöèè, ïåðåêðûâàÿ îáëàñòü ñâÿçûâàíèÿ ðèáîñîìû, ñì. äèñêóññèþ.

Anthoceros formosa ggaaugaauaauagcuuaagcuuuccuauuuuaaguaggauuggau

Marchantia polymorpha uaaaugaaaaaaacuguugaguaaacaaaaaacucca*********

Adiantum capillus-veneris uuaauaauuaaugugucaauucuugcuaggcuggauca********

Huperzia lucidula auaaggaaaaaacuauguaaacuu**********************

Psilotum nudum uuaauaaaagaaaaacuuugucaa**********************

Pinus thunbergii caaauaagaaaauaacaaaauucugua*******************

Pinus koraiensis aggaucaaaaaagaaaagaacaaaaugaug****************

Amborella trichopoda uaaauaaaaauaagauauggggugaagugauacaaaaaga******

Arabidopsis thaliana agaauaaaaaaaaaaggacagaguuccu******************

Atropa belladonna auaauaaauaaaaagaggggcgaagugcuacaaaaaga********

Calycanthus �oridus ucaaucaaaaaaaagggggggcgaagugauacaaaaagaacu****

Cucumis sativus aaaauaaaaaaaauagaaagaaauaga*******************

Lotus corniculatus caaaaaaaaaaauaaagaaaaaaucuacaaaaauagga********

Nicotiana tabacum agaauaaauaaaaagaggggcgaagugcuacaaaaaga********

Nymphaea alba gugauacaaaaaaggaaaucuuuuuuuguauuuug***********

Panax ginseng uauauaaaaaaagaacaggggcaagguuauacaaaaagaac*****

Spinacia oleracea ucaauaaaaaaaauaaaauucauuuagaaguagcaaacaauu****

Oryza nivara gcauuaaaaaaaccgaucaaaaagggcgagcgaaguaagugau***

Oryza sativa gcauuaaaaaaaccgaucaaaaagggcgagcgaaguaaaguga***

Triticum aestivum ccgaucaaaaaagggcgagcgaaguaagugaucgaaa*********

Zea mays ccgaucaaaaaaggacgagcgaaguaaguaaucgaaa*********

êîíñåíñóñ **AAUNAAAAAA**********************************

Òàáëèöà 2. Âûðàâíèâàíèå 5′ ëèäåðíûõ îáëàñòåé ïåðåä èíèöèèðóþùèì êîäîíîì ãåíà atpF

ó âèäîâ èç Embryophyta. Çäåñü N îáîçíà÷àåò ïðîèçâîëüíûé íóêëåîòèä, à * íóêëåîòèä èëè
äåëåöèþ.
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Anthoceros formosa aaggaagagacauacuaagacuuaaagaaccuaugaugggagagagagu

Marchantia polymorpha ******uaauuuucaauaauauaauaacgaaaaaaagaggacagc****

Adiantum capillus-veneris ******gaaauugcccaaaacguaaaaccuucgaggagggaaaagaau*

Huperzia lucidula ********************ggauaauaaccuguaaugggagaaaagu*

Psilotum nudum ********************aauuagauagucauuaugggagagguauu

Pinus thunbergii ****************gaacauauccuuaucuaugaggggagagcgu**

Pinus koraiensis **************uagaacauauccuuaucuaugaggggcgagcau**

Amborella trichopoda ****acuccguuugguuuuguuaguccuaucuagaagaggagaguau**

Arabidopsis thaliana ****************uuuuuauaguuuagcuagaagaggagauuau**

Atropa belladonna ******acucuguucgauuuuuuagucuaucuauaagaggagaucau**

Calycanthus �oridus **cugcgcaauuuuguuagcccuaucuauucuauaagaggaaagcau**

Cucumis sativus *****************uaauuaguuuuaucuauaaaaggagaucau**

Lotus corniculatus ******aucauauaaagagaauucguuuauccauaagaggagaucau**

Nicotiana tabacum ******acucuguucgauuuuuuagucuaucuauaagaggagaucau**

Nymphaea alba *********uuaguccuauuccuauccauaagauaagaggagagcau**

Panax ginseng ***ucuguucuuuuuuuuuuuuuagucuaucuauaagaggagaucau**

Spinacia oleracea **gaaauaauacaacgauuuuuuuguuuaucuauaagaggagaucau**

Oryza nivara *cgaaaaacuuuguucuuuguucguccuaucuauaagaggagagcau**

Oryza sativa ucgaaaaacuuuguucuuuguucguccuaucuauaagaggagagcau**

Triticum aestivum ******aacuuuguucuuuguucguccuaucuauaagaggagagcau**

Zea mays ******aacuuucuucuuuguucguccuaucuauaagaggagagcau**

êîíñåíñóñ ***************************UAUCUAUAAGAGGAGANNA***

Ïðîäîëæåíèå òàáëèöû 2.

3.2. Öèòîõðîì b6

Â 5′ ëèäåðíîé îáëàñòè ãåíà petB (öèòîõðîì b6) õëîðîïëàñòîâ ó âñåõ âèäîâ èç Embryophyta,
êðîìå Adiantum capillus-veneris è Epifagus virginiana, íàéäåí êîíñåðâàòèâíûé ó÷àñòîê, ïðèìû-
êàþùèé ê ñòàðò êîäîíó AUG ñ êîíñåíñóñîì ðàâíûì GGTAGTTCGAYCGYGGAATT*YTTT***
GTTTNNGTATTTYYGGAAT, òàáëèöà 3. Çäåñü Y îçíà÷àåò îäèí èç íóêëåîòèäîâ C èëè U, è N
ïðîèçâîëüíûé íóêëåîòèä, à * âîçìîæíàÿ âñòàâêà íå áîëåå ÷åì îäíîãî íóêëåîòèäà. Çäåñü îáíà-
ðóæåíà êîíñåðâàòèâíàÿ ñïèðàëü, ïîêàçàííàÿ ïîä÷åðêèâàíèåì â ìíîæåñòâåííîì âûðàâíèâàíèè
â òàáëèöå 3.

Ïåðåä ãåíîì petB íà ðàññòîÿíèè 3�10 íóêëåîòèäîâ îò ñòàðòà òðàíñëÿöèè ýòîãî ãåíà íåò
âûñîêî êîíñåðâàòèâíîãî AG-áîãàòîãî ó÷àñòêà, õàðàêòåðíîãî äëÿ ñàéòà ñâÿçûâàíèÿ ðèáîñîìû.
Íàéäåííûé íàìè êîíñåðâàòèâíûé ó÷àñòîê èìååò áîëüøóþ äëèíó è ïåðåä íèì ðàñïîëîæåí
ñëàáî êîíñåðâàòèâíûé ó÷àñòîê. Ïîýòîìó ìîæíî äóìàòü, ÷òî íàø êîíñåðâàòèâíûé ó÷àñòîê
ïåðåêðûâàåò ñàéò ñâÿçûâàíèÿ ðèáîñîìû. È òîãäà íåêîòîðûé áåëîê, ñâÿçûâàÿñü ñ ýòèì êîíñåð-
âàòèâíûì ó÷àñòêîì â 5′ ëèäåðíîé îáëàñòè ãåíà petB ñ ó÷åòîì âòîðè÷íîé ñòðóêòóðû, â îòëè÷èè
îò ïðåäûäóùåãî ñëó÷àÿ àêòèâèðóåò èíèöèàöèþ òðàíñëÿöèè.

Ó Epifagus virginiana îðòîëîã ãåíà petB îòñóòñòâóåò. Ó Adiantum capillus-veneris ñîîòâåò-
ñòâóþùàÿ 5′ ëèäåðíàÿ îáëàñòü íå âûðàâíèâàåòñÿ ñ äðóãèìè âèäàìè èç Embryophyta. Ó âñåõ
âèäîâ èç Embryophyta ãåí petB ñîäåðæèò èíòðîíû.
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Anthoceros formosa ****uuuucccagug*gugguaguuuaaucgugcaacuacugaaaaaaaaaaggauuuuugaaau

Marchantia polymorpha ucauuuuuuuaauuuu*agguaguuuaauuguguaauua*uuaa**auucaaggauuu*uugaau

Huperzia lucidula auugauccuucccuuu*ugguaguuuaaucguguaauu*cuga***aucaaaggaucuuuagaau

Psilotum nudum *ucauaaaaaaagac*gaggcaguugaaucacgcaaauuauua***auuuaaugauguuuguaau

Pinus thunbergii *agcuuaucuuguuc**cacuaguuugaucguguaauuacuuuu**cucuaaggauuuuuggaau

Pinus koraiensis *agcuuaucuuguuc**caauaguuugaucguguaauuacuuuu**cucuaaggauuuuuggaau

Amborella trichopoda uuggguuucuagguu*a*gguaguucgaccgugcaauuccuuu***guuucgguauuuccggaau

Arabidopsis thaliana ***ccuauucuccuu**ugguaguucgaccgcgaaauuuuuuucugcauuguauauuuccggaau

Atropa belladonna *cauucuauuuucuuu*ugguaguucgaucguggaauuucuuu***guuucuguauuuccggagu

Calycanthus �oridus *uuuucuaggccauuc*ugguaguucgaccguggaauuccguu***guuucgguauuuccggaau

Cucumis sativus *uuagccuacucuuuuuugguaguucgaucguggaauuuauuu****uuucuguauuuccggaau

Lotus corniculatus *cauuccuuuuuuauu*ugguaguucgaucguggaacuucuuu***guuucuguauuuccggaau

Nicotiana tabacum *cauucuauuuucuuu*ugguaguucgaucguggaauuucuuu***guuucuguauuuccggagu

Nymphaea alba ucaucucauucuguu**ugguaguucgaccgcggaauucuuuu***guuucgguauuuccggaau

Panax ginseng *cagcccauucuauuu*ugguaguucgaccgcggaauuucuuu***guuucuguauuucuggaau

Spinacia oleracea *uauuucuaucccuuu*ugguaguucgaucgcggaauuucuuu***cuuucuguauuuccggaau

Oryza nivara *cauuucuagacauuc*ugguaguucgaccguggaauu*uuuug**guuucgguaucucuggaau

Oryza sativa *cauuucuagacauuc*ugguaguucgaccguggaauu*uuuug**guuucgguaucucuggaau

Triticum aestivum *cauuucuagauauu*augguaguucgaccgcggaauuuuuuu***guuucgguaucucuggaau

Zea mays acauuucuagacauuc*ugguaguucgaccguggauuu*uuuu***guuuugguaucucuggaau

êîíñåíñóñ *****YY******UYY*UGGUAGUUCGAYCGYGGAAUU*YUUU***GUUUNNGUAUUUYYGGAAU

Òàáëèöà 3. Âûðàâíèâàíèå 5′ ëèäåðíûõ îáëàñòåé ïåðåä èíèöèèðóþùèì êîäîíîì ãåíà petB

ó âèäîâ èç Embryophyta. Çäåñü N îáîçíà÷àåò ïðîèçâîëüíûé íóêëåîòèä, à * íóêëåîòèä èëè
äåëåöèþ.

4. ÄÈÑÊÓÑÑÈß

Íàéäåííûå ñèãíàëû � êîíñåðâàòèâíûå ó÷àñòêè ïåðåä ãåíàìè atpF è petB, âåðîÿòíî, ñâÿçà-
íû ñ çàäåðæêîé èíèöèàöèè òðàíñëÿöèè äî çàâåðøåíèÿ ñïëàéñèíãà. Ñåé÷àñ íåò äîñòàòî÷íûõ
îñíîâàíèé, ÷òîáû ðåøèòü, îñíîâàíà ëè ýòà ðåãóëÿöèÿ íà ñâÿçûâàíèè áåëêà ñ ìÐÍÊ. Ïåðåä
ãåíîì petB êîíñåðâàòèâíûé ó÷àñòîê íå ñîäåðæèò î÷åâèäíîãî ñàéòà ñâÿçûâàíèÿ ðèáîñîìû, íî
èìååòñÿ êîíñåðâàòèâíàÿ øïèëüêà, ÷òî ïîçâîëÿåò ïðåäïîëîæèòü: ïîñëå òðàíñêðèïöèè ïðîèñ-
õîäèò îáðàçîâàíèå âòîðè÷íîé ñòðóêòóðû â 5′ ëèäåðíîé îáëàñòè ãåíà è òóäà ïðèñîåäèíÿåòñÿ
áåëîê, àêòèâèðóþùèé èíèöèàöèþ òðàíñëÿöèè.

Èíòðîíû îáíàðóæåíû â ãåíàõ, êîäèðóþùèõ ðàçëè÷íûå áåëêè, ýêñïðåññèðóåìûå â õëîðîïëà-
ñòàõ êàê ðàñòåíèé, òàê è íåêîòîðûõ îäíîêëåòî÷íûõ ýóêàðèîòîâ (Chlamydomonas reinhardtii,
Euglena gracilis). ×àñòî îíè âñòðå÷àþòñÿ â ãåíàõ áåëêîâ ôîòîñèñòåì, íåêîòîðûõ ñóáúåäèíèö
ÐÍÊ-ïîëèìåðàçû è NADH-äåãèäðîãåíàçû, è â ãåíàõ ðèáîñîìàëüíûõ áåëêîâ. Êîëè÷åñòâà ãåíîâ
ñ èíòðîíàìè â õëîðîïëàñòàõ ïðèìåðíî îäèíàêîâû ó âñåõ ðàñòåíèé, çà èñêëþ÷åíèåì Pinus spp.
è Epifagus virginiana, ãäå òàêèõ ãåíîâ ìåíüøå.

Õëîðîïëàñòû ó âñåõ âèäîâ èç Embryophyta, à òàêæå ó Chaetosphaeridium globosum è Euglena
gracilis ñîäåðæàò èíòðîíû â ãåíàõ áåëêîâ áîëüøîé è ìàëîé ñóáúåäèíèö ðèáîñîìû, òàáëèöà 1.
Ìîæíî äóìàòü, ÷òî èíòðîíû â õëîðîïëàñòàõ èãðàþò ñâîåîáðàçíóþ ðåãóëÿòîðíóþ ðîëü. Åñëè
ðèáîñîì äîñòàòî÷íî ìíîãî, òî ðèáîñîìû, òðàíñëèðóþùèå íà÷àëüíûé ôðàãìåíò òðàíñêðèáèðî-
âàííîé ÐÍÊ, ïðåäîòâðàùàþò èëè èçìåíÿþò ñïëàéñèíã, ïðåïÿòñòâóÿ îáðàçîâàíèþ íîâûõ ðè-
áîñîì. Åñëè ðèáîñîì ìàëî, òî ìÐÍÊ äëèòåëüíîå âðåìÿ îñòàåòñÿ îòêðûòîé äëÿ �ïðàâèëüíîãî�
ñïëàéñèíãà è, âîçìîæíî, ðåäàêòèðîâàíèÿ.
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