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Àííîòàöèÿ�Íàéäåíû êîíñåðâàòèâíûå ñòðóêòóðû ìÐÍÊ â 5'-íåòðàíñëèðóåìûõ îáëàñòÿõ
ãåíîâ ôîòîñèñòåì ó õëîðîïëàñòîâ ìíîãèõ âîäîðîñëåé è ðàñòåíèé. Îíè ÿâëÿþòñÿ ïîòåíöè-
àëüíûìè ñàéòàìè ñâÿçûâàíèÿ áåëêîâ.

1. ÂÂÅÄÅÍÈÅ

Ýêñïðåññèÿ ìíîãèõ ãåíîâ õëîðîïëàñòîâ âîäîðîñëåé è ðàñòåíèé ðåãóëèðóåòñÿ áåëêàìè, êî-
äèðóåìûìè ÿäåðíîé ÄÍÊ, êîòîðûå ñâÿçûâàþò ìÐÍÊ õëîðîïëàñòîâ, [1]. Ýòè áåëêè âëèÿþò íà
ðåäàêòèðîâàíèå (editing) è èíèöèàöèþ òðàíñëÿöèè ìÐÍÊ. Äåòàëüíûå ýêñïåðèìåíòàëüíûå èñ-
ñëåäîâàíèÿ ïî ïîèñêó ñîîòâåòñòâóþùèõ ñàéòîâ èçâåñòíû äëÿ îäíîé âîäîðîñëè Chlamydomonas

reinhardtii è íåáîëüøîãî ÷èñëà ðàñòåíèé, [1], [2], [3]. Â íàøåé ïðåäûäóùåé ñòàòüå [4] ïðåä-
ñêàçàíû ïîòåíöèàëüíûå ñàéòû ñâÿçûâàíèÿ áåëêîâ ïåðåä ãåíîì atpF, êîäèðóþùèì îäíó èç
ñóáúåäèíèö ÀÒÔ ñèíòàçû, è ãåíîì petB (cytochrome b6) èç õëîðîïëàñòîâ ó Embryophyta. Ïðî-
äîëæàÿ ýòè èññëåäîâàíèÿ, ìû íàøëè êîíñåðâàòèâíûå ñòðóêòóðû ÐÍÊ â 5'-íåòðàíñëèðóåìûõ
îáëàñòÿõ ãåíîâ ôîòîñèñòåì ó õëîðîïëàñòîâ ìíîãèõ âîäîðîñëåé è ðàñòåíèé è ïåðåä ãåíîì clpP

èç õëîðîïëàñòîâ ó Streptophyta.

2. ÌÀÒÅÐÈÀËÛ

Ãåíîìû õëîðîïëàñòîâ ïîëó÷åíû èç áàçû äàííûõ GenBank (NCBI). Â êà÷åñòâå íàáîðà ïîñëå-
äîâàòåëüíîñòåé íàìè áûëè âçÿòû 5'-íåòðàíñëèðóåìûå îáëàñòè ïåðåä ãåíàìè õëîðîïëàñòîâ ó
Cyanidioschyzon merolae, Gracilaria tenuistipitata, Guillardia theta, Nephroselmis olivacea, Odon-

tella sinensis, Porphyra purpurea, Chlamydomonas reinhardtii è õëîðîïëàñòîâ ó Streptophyta
Chaetosphaeridium globosum, Mesostigma viride, Anthoceros formosae, Adiantum capillus-veneris,

Huperzia lucidula, Marchantia polymorpha, Psilotum nudum, Pinus koraiensis, Pinus thunbergii,

Amborella trichopoda, Arabidopsis thaliana, Atropa belladonna, Calycanthus �oridus, Cucumis sati-

vus, Epifagus virginiana, Lotus corniculatus, Nicotiana tabacum, Nymphaea alba, Panax ginseng,

Spinacia oleracea, Oryza nivara, Oryza sativa, Triticum aestivum, Zea mays.

Çàìåòèì, ÷òî Epifagus virginiana íå ÿâëÿåòñÿ ôîòîñèíòåçèðóþùèì. Ãåíû ôîòîñèñòåì â åãî
õëîðîïëàñòàõ îòñóòñòâóþò.

3. ÐÅÇÓËÜÒÀÒÛ

ÀÒÔ-çàâèñèìàÿ ïðîòåàçà. Â 5'-íåòðàíñëèðóåìîé îáëàñòè ãåíà clpP (ATP-dependent Clp pro-
tease proteolytic subunit) èç õëîðîïëàñòîâ ó Streptophyta íàéäåí êîíñåðâàòèâíûé ó÷àñòîê, áëèç-
êèé ê UUACGYUUYCAYAUYARAGNRNARU, ãäå N îçíà÷àåò ïðîèçâîëüíûé íóêëåîòèä, Y -
ýòî C èëè U, è R - ýòî A èëè G. Ìíîæåñòâåííîå âûðàâíèâàíèå ïîêàçàíî â òàáëèöå 1. Çäåñü æå
ðàñïîëîæåíà êîíñåðâàòèâíàÿ ñïèðàëü.



ÐÅÃÓËßÖÈß ÒÐÀÍÑËßÖÈÈ Â ÕËÎÐÎÏËÀÑÒÀÕ 401

Chaetosphaeridium globosum uuauaUUCUuacauuuuAGAAacua*uauauauacu************************

Adiantum capillus-veneris acUUACgcccacaauucagagGUAAcucc*aagacguuuugauaauuucuau********

Anthoceros formosae ucuuacgUUUUCauaucaGAGAGaaauuu*ccaguugauaacaagaaagaa*********

Huperzia lucidula aguuacGCUUUCguauuaGAGGGCaauau*aauauuuagccucagggaaagaagaa****

Marchantia polymorpha UUUUAcguuuuuuuauuaUAGAAgaguau*uuuguuuguggaagaaaaaaaaa*******

Psilotum nudum auuuauGCUUUcgcaucaGAGGUuuauuc*ucuuuuuauuuucuau**************

Pinus koraiensis CUUUAcguucccauauUAGAGuauagugc*uucacuucuuuccauuaaaacaa*******

Pinus thunbergii CUUUAcguuuccauauUAGAGuauagugc*uucacuucuuuccauuaaaacaa*******

Amborella trichopoda ucuuaCGUUUccgcaucaAAGUGaaauuauagugcuuaacuccuuuuuccuuc*******

Arabidopsis thaliana uuuuaCGUUUccacaucaAAGUGaaauag*agaacuucauucucuuuuuuuuucauuuca

Atropa belladonna uguuaCGUUUccaccucaAAGUGaaauau*aguauuuaguucuuucuuucauuuaa****

Calycanthus �oridus uauuaCGUUUccacaucaAAGUGaaguag*aguacuuaacucccuuuugaauuuca****

Cucumis sativus uguuACGcuuccacauuaaCGUuagcuau*acuacuuacuucguuuugcuuugcuuua**

Epifagus virginiana uguuaCGUUUccauaucaAAGUGaaauuu*aguauuuaguucuuuuuuuuuuauua****

Lotus corniculatus uaUUACgUUUucacaccAAAGUAAgauau*augacuucauuuuuucuucauuga******

Nicotiana tabacum uguuaCGUUUccaccucaAAGUGaaauau*aguauuuaguucuuucuuucauuua*****

Nymphaea alba uguuaCGUUUccacaucaAAGUGaaguau*aguacuuaaccccguuuucuuuaaugua**

Panax ginseng uguuaCGUUUccacaucaAAGUGaaauau*aguacuuaauucuuuuuucuuuuuuuc***

Spinacia oleracea uauuaCGUUUccacaucaAAGUGaaauag*aguacuuaauuuuuuucuuucauuua****

Oryza nivara ucUUACGUUUccauauuaAAGUGUAGuuuucuuacuuaaauuuaauaauauuaaucuaau

Oryza sativa ucUUACGUUUccauauuaAAGUGUAGuuuucuuacuuaaauuuaauaauauuaaucuaau

Triticum aestivum ucUUACGUUUccauauuaAAGUGUGGuuuucuuacuuaaauuuaauaauauuaaucuaau

Zea mays ucUUACGUUUccauauuaAAGUGUAGuuuuuuuacuuaaauuuaauaauauuaaucuaau

Òàáëèöà 1. Ìíîæåñòâåííîå âûðàâíèâàíèå 5'-íåòðàíñëèðóåìûõ îáëàñòåé ãåíà clpP. Ïëå÷è êîíñåðâàòèâíîé ñïè-

ðàëè âûäåëåíû ïðîïèñíûìè áóêâàìè.

Ôîòîñèñòåìà I. Â 5'-íåòðàíñëèðóåìûõ îáëàñòÿõ ãåíà psaA (photosystem I P700 apoprotein
A1) ó ìíîãèõ õëîðîïëàñòîâ íàéäåíû äëèííûå êîíñåðâàòèâíûå ïóðèí áîãàòûå ó÷àñòêè, ïðè-
ìûêàþùèå ê èíèöèèðóþùåìó êîäîíó AUG ãåíà. Ìíîæåñòâåííîå âûðàâíèâàíèå ïîêàçàíî â
òàáëèöå 2. Ïðîïèñíûìè áóêâàìè âûäåëåíà êîíñåðâàòèâíàÿ ñïèðàëü îêîëî ñàéòà ñâÿçûâàíèÿ
ðèáîñîìû.

Ôîòîñèñòåìà II. Â 5'-íåòðàíñëèðóåìûõ îáëàñòÿõ ãåíîâ psbA (áåëîê D1) è psbB (P680 õëî-
ðîôèëë A) ó ìíîãèõ õëîðîïëàñòîâ íàéäåíû êîíñåðâàòèâíûå ó÷àñòêè, ïðèìûêàþùèå ê èíè-
öèèðóþùåìó êîäîíó AUG ãåíà. Èñêëþ÷åíèå ñîñòàâëÿåò ãåí psbB èç Adiantum capillus-veneris,
èíèöèèðóþùèé êîäîí êîòîðîãî ACG ïîäâåðãàåòñÿ ðåäàêòèðîâàíèþ. Ìíîæåñòâåííûå âûðàâíè-
âàíèÿ ïîêàçàíû â òàáëèöàõ 3 è 4. Çäåñü æå ðàñïîëîæåíû êîíñåðâàòèâíûå øïèëüêè, êîòîðûå
âûäåëåíû â òàáëèöå 3 ïðîïèñíûìè áóêâàìè. Â Mesostigma viride 5'-íåòðàíñëèðóåìûå îáëàñòè
îáîèõ ãåíîâ psbA è psbB íå ñîäåðæàò ðàññìàòðèâàåìîãî ñèãíàëà.

Ó ãåíà psbA èç Amborella trichopoda â àííîòàöèè GenBank, âîçìîæíî, ïðîïóùåí êîðîòêèé
N-êîíöåâîé ôðàãìåíò.

Â àííîòàöèè ê õëîðîïëàñòó èç Psilotum nudum îðòîëîã ãåíà psbB íàçâàí psbT.

4. ÄÈÑÊÓÑÑÈß

Âåðîÿòíî, íàéäåííûå ïåðåä ãåíàìè clpP, psbA è psbB êîíñåðâàòèâíûå ó÷àñòêè ìÐÍÊ ñâÿçà-
íû ñ ðåãóëÿöèåé òðàíñëÿöèè. Ðîëü êîíñåðâàòèâíîãî ó÷àñòêà ïåðåä ãåíîì psaA ìåíåå ïîíÿòíà.
Âîçìîæíî, AG-áîãàòàÿ 5'-îáëàñòü ñâÿçàíà ñî ñòàáèëèçàöèåé ìÐÍÊ.

Êîíñåðâàòèâíûå ó÷àñòêè ó 5'-íåòðàíñëèðóåìûõ îáëàñòåé ãåíîâ clpP è psbA íàéäåíû ïåðåä
âñåìè îðòîëîãàìè ýòèõ ãåíîâ, ñîäåðæàùèõ èíòðîíû, è ïåðåä íåêîòîðûìè îðòîëîãàìè ýòèõ
ãåíîâ, íå ñîäåðæàùèõ èíòðîíû. Ïîäîáíàÿ ðåãóëÿöèÿ òðàíñëÿöèè ãåíà psbA áåëêà D1 ôîòîñè-
ñòåìû II ýêñïåðèìåíòàëüíî ïîêàçàíà, íàïðèìåð, ó Chlamydomonas reinhardtii, ãäå òðàíñêðèï-
öèÿ ïðîèñõîäèò íåïðåðûâíî, à òðàíñëÿöèÿ àêòèâèðóåòñÿ íà ñâåòó íåêîòîðûì áåëêîì ñ ìàññîé

ÈÍÔÎÐÌÀÖÈÎÍÍÛÅ ÏÐÎÖÅÑÑÛ ÒÎÌ 5 � 5 2005



402 ÑÅËÈÂÅÐÑÒÎÂ, ËÞÁÅÖÊÈÉ

Guillardia theta auaaaguaagaguuuuuagauu*****gcugUCUCaaaagagGAGAaccuca

Odontella sinensis cuuaugagaguuucau*aaauu*****UUCgucUCCcaaaaGGAGAAaguca

Porphyra purpurea uagaaauaagcguuuu**gauu****ccuugUCUCaagagagGAGAaucuca

Nephroselmis olivacea agccaggaagacuauuu*cauu****CCUCgugugaagaGAGGagaaucucg

Chaetosphaeridium globosum uguuguuaaguauuuucuuagc*****CUCgUCUgaaaAGAgGAGaauuucg

Mesostigma viride uagaggugaguuuuuuu*ugug****cCUCaUCUaaaaAGAgGAGaaucucc

Adiantum capillus-veneris uguugguagguuguugc*uauc****cCCUgCUCgaaGAGAGGagaguccca

Anthoceros formosae uuguuggcggucuuuuc*caug****CCUCgucugaaagGAGGauaauaucg

Huperzia lucidula ucuuggcggguuuuuuc*uaug****CCUCgucuggaaaGAGGagaaccucg

Marchantia polymorpha uguugguagguuuuucc*uaug****CCUCgucugaagaGAGGagaaccucg

Psilotum nudum ugcuggcagguuguugc*uauu****CCUCgucucgagaGAGGagaaucuca

Pinus koraiensis uauuggcaggguucuucuuauuuaugucccaUCCgaaaaggGGAgaa*uuaa

Pinus thunbergii uauuggcagguuucuuauuauuuaagucccgUCCgaaaagaGGAgaa*uuca

Amborella trichopoda ucuuggcgggucucuucguaug****uguugUCCggaaagaGGAgga*cuca

Arabidopsis thaliana uguuggcggguuucuuuguaug****uguugUCCggaaagaGGAgga*cuca

Atropa belladonna uguuggcgggucucuuuguaug****uguugUCCggaaagaGGAgga*cuca

Calycanthus �oridus uguuggcggguuucuuuguaug****uguugUCCggaaauaGGAgga*cuca

Cucumis sativus uauuggcgggucucuuuguaug****uguugUCCggaaagaGGAgga*cuca

Lotus corniculatus uauuggcaggucucuuuguaug****uguugUCCggaaagaGGAgga*cuca

Nicotiana tabacum uguuggcgggucucuuuguaug****uguugUCCggaaagaGGAgga*cuca

Nymphaea alba uguuggcgggucucuucguaug****uguugUCCggaaagaGGAgga*cuca

Panax ginseng uguuggcgggucucuuuguaug****uguugUCCggaaagaGGAgga*cuca

Spinacia oleracea uguuggcaggucucuuuguaug****ucuugUCCggaaagaGGAgga*cuca

Oryza nivara aguuggcgggucucuuuguaug****ucuugUCCggaaagaGGAgga*cuua

Oryza sativa aguuggcgggucucuuuguaug****ucuugUCCggaaagaGGAgga*cuua

Triticum aestivum aguuggcgggucucuuuguaug****ucuugUCCggaaagaGGAgga*cuua

Zea mays aguuggcgggucucuuuguaug****ucuugUCCggaaagaGGAgga*cuua

Òàáëèöà 2. Ìíîæåñòâåííîå âûðàâíèâàíèå 5'-íåòðàíñëèðóåìûõ îáëàñòåé ãåíà psaA. Ïëå÷è êîíñåðâàòèâíîé ñïè-

ðàëè âûäåëåíû ïðîïèñíûìè áóêâàìè.

47 êÄà, êîòîðûé ñâÿçûâàåò ìÐÍÊ â êîìïëåêñå ñ äðóãèìè áåëêàìè, íàïðÿìóþ íå ñâÿçûâàþùè-
ìè ìÐÍÊ, [3]. Ýòîò êîìïëåêñ èíàêòèâèðóåòñÿ â òåìíîòå. Êîíñåðâàòèâíîñòü ðàññìàòðèâàåìîé
ñòðóêòóðû ó ðàñòåíèé è âîäîðîñëåé ïîçâîëÿåò ïðåäïîëîæèòü, ÷òî çàâèñèìàÿ îò ñâåòà ðåãóëÿ-
öèÿ òðàíñëÿöèè ãåíà psbA ñôîðìèðîâàëàñü çàäîëãî äî ïîÿâëåíèÿ èíòðîíîâ â ãåíàõ áåëêîâ.

Îòìåòèì, ÷òî îáû÷íî êîíñåðâàòèâíàÿ îáëàñòü ÐÍÊ ñîäåðæèò ñïèðàëü ñ êîíñåðâàòèâíûìè
ïëå÷àìè, äåéñòâóþùàÿ ñîâìåñòíî ñ áåëêîì-ìåäèàòîðîì, ÷òî õàðàêòåðíî äëÿ áîëüøîãî ÷èñëà
ðåãóëÿòîðíûõ ýëåìåíòîâ, âêëþ÷àÿ ñàìûå íîâûå èç íèõ, [5].

Âî âñåõ ñëó÷àÿõ ó Adiantum capillus-veneris ñîîòâåòñòâóþùàÿ 5'-íåòðàíñëèðóåìàÿ îáëàñòü
çíà÷èòåëüíî äèâåðãèðîâàëà. È èìåííî äëÿ ýòîãî õëîðîïëàñòà õàðàêòåðíî ÷àñòîå ðåäàêòèðî-
âàíèå ÐÍÊ.

Õîòÿ ãåí ycf3, êîäèðóþùèé ñâÿçàííûé ñ ïåðâîé ôîòîñèñòåìîé áåëîê Ycf3, èìååò èíòðîíû
è ïðîòÿæ�åííóþ 5'-íåòðàíñëèðóåìóþ îáëàñòü, êîòîðàÿ íå ïåðåêðûâàåòñÿ äðóãèìè ãåíàìè â
õëîðîïëàñòàõ ðàñòåíèé, íàø àëãîðèòì íå íàø�åë çäåñü äëèííîãî êîíñåðâàòèâíîãî ó÷àñòêà.

Íåáîëüøîé êîíñåðâàòèâíûé ó÷àñòîê ñ êîíñåíñóñîì ARGGAGGGACYT íåïîñðåäñòâåííî ïå-
ðåä ãåíîì rbcL ó ðàñòåíèé èç Tracheophyta âêëþ÷àåò ñàéò ñâÿçûâàíèÿ ðèáîñîìû è íåò îñíî-
âàíèÿ ïðåäïîëàãàòü çäåñü ñàéò ñâÿçûâàíèÿ ðåãóëÿòîðíîãî áåëêà. Ýòîò ãåí rbcL (ñóáúåäèíèöà
ribulose 1,5-bisphosphate carboxylase/oxygenase) èìååò èíòðîíû â õëîðîïëàñòàõ Euglena gracilis

è Chlamydomonas reinhardtii, ãäå åãî òðàíñëÿöèÿ ðåãóëèðóåòñÿ áåëêàìè, âçàèìîäåéñòâóþùèìè
ñ ìÐÍÊ, [3]. Îäíàêî, â ïîñëåäíåì ñëó÷àå ñîñòàâ 5'-íåòðàíñëèðóåìîé îáëàñòè ýòîãî ãåíà ñî-
âåðøåííî äðóãîé, ÷åì ó Tracheophyta, ÷òî ìîæåò áûòü ñâÿçàíî ñ îòñóòñòâèåì èíòðîíîâ â ãåíå
rbcL ó ðàññìàòðèâàåìûõ ðàñòåíèé.

Íå óäàëîñü îáíàðóæèòü îáùèõ êîíñåðâàòèâíûõ ó÷àñòêîâ â íåòðàíñëèðóåìûõ îáëàñòÿõ ÐÍÊ
ó ðàññìàòðèâàåìûõ õëîðîïëàñòîâ è ó õëîðîïëàñòîâ èç Euglena gracilis.
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Cyanidioschyzon merolae aguacuuacUUGggaagagaaaaa******aucuuucuuaaaCGAcu*************

Gracilaria tenuistipitata aaAUAUUUcuuGGGAaguauccuc******aauuaUCCUaaacuAAAUAUauaauauu**

Guillardia theta auagAUUAcuugggaaguauauuacuauaaaauu****uaaacaUAAUauaaaaca****

Odontella sinensis aGUAAAaacuugggaagaau******************uaaaUUUAUaaaaauguuauu*

Porphyra purpurea agauauuguUUGGgaagcaucuua**guuaaauccuaaaaaaUUGAuaaaaaauu*****

Chlamydomonas reinhardtii auauuuuacGGAGaaa********************uuaaaaCUUUaaaaaaauuaacau

Nephroselmis olivacea caaaaaagcUUGGgagaucacuu*************acaaaaUCAAuaaauucaccuacu

Chaetosphaeridium globosum uuauaguUUGGguaaauuauuauaa********cuuuauaaaCCAAuauauacc******

Anthoceros formosae uuauauGCUUGGgaacuuauuauua********uuucacaaaCCAAGUuuuacc******

Marchantia polymorpha uuaaauAUUUGGgaaacucuuaauua*******uuuuaaaaaCCAAGUuuuacu******

Adiantum capillus-veneris uuacuagccUGGggaaucacuaau*****uccuuuucgaaaaCCAa**aaauuccc****

Huperzia lucidula uuauauGCUUGGggaacuuauuau****cacuuuauaaaaaaCUAAGU**uuuacc****

Psilotum nudum uuuauugacUUGGgaacuuuagaa******uugcuuuagaaaCCAA**auauuauc****

Pinus thunbergii gccuuauGCUUgggagccucugaugauu*******uuauaaacgAAGU*ucugacc****

Arabidopsis thaliana uuugugcgCUUGGgagucccugauuauu*******aaauaaaCCAAGgauuuuacc****

Atropa belladonna cucgugugCUUGGgagucccugaugauu*******aaauaaaCCAAG*auuuuacc****

Calycanthus �oridus ucugugugCUUGGgagucccugaugauu*******caauaaaCCAAG*aucuuacc****

Cucumis sativus uucaugugCUUGGgagucccugaugauuaauuauuaaauaaaCCAAG*auuuuacc****

Lotus corniculatus uucgugugCUUGGgagucccugaugauu*******aaauaaaCCAAG*auuuuacc****

Nicotiana tabacum cuagugugCUUGGgagucccugaugauu*******aaauaaaCCAAG*auuuuacc****

Nymphaea alba ucugugugCUUGGgagcuccugaugauu*******gaauaaaCCAAG*aucuuacc****

Panax ginseng uucgugugCUUGGgagucccugaugauu*******aaauaaaCCAAG*auuuuacc****

Spinacia oleracea uuugugugCUUGGgagucccugaugauuaa**auuaaauaaaCCAAG*auuuuacc****

Oryza nivara uacgugugCUUGGgaguccuugcaauuu*******gaauaaaCCAAG*aucuuacc****

Oryza sativa uacgugugCUUGGgaguccuugcaauuu*******gaauaaaCCAAG*aucuuacc****

Triticum aestivum uacguguGCUUGGggguccuugcaauuu*******gaauaaaCCAAGU*ucuuacc****

Zea mays uacgugugCUUGGgaguccuugcaauuu*******gaauaaaCCAAG*aucuuacc****

Òàáëèöà 3. Ìíîæåñòâåííîå âûðàâíèâàíèå 5'-íåòðàíñëèðóåìûõ îáëàñòåé ãåíà psbA. Ïëå÷è êîíñåðâàòèâíîé ñïè-

ðàëè âûäåëåíû ïðîïèñíûìè áóêâàìè.

Porphyra purpurea uuuguaagaaagucaacaaaguauguucuuauu******cauaggaggcauguaguca*

Nephroselmis olivacea auagcaagaaagucauaccguuauaaaggucucgaau*agaccuagaaggaguauag**

Chaetosphaeridium globosum acugcaagaaagucacaaaua*guuuguuuuuuuc*****uuaacaaagagguauuuac

Adiantum capillus-veneris auugcaagaaaguuacgcagugaucaguugucuccaauauucaagaaagggguuuuuc*

Anthoceros formosae aaugcaagaaauuuacguagu*gucuauucuucu*******ggauaaagggguaucuuc

Huperzia lucidula aacguaagaaagucauaugau*gucuaccuaucuuugguaaggggaaagggggacucaa

Marchantia polymorpha aaugcaaaaaaguuacauagc*gucuaauucucuu******ugagaaagggguauuuuu

Psilotum nudum aacgcaagaaaguuacguagu*auugacuaaa***********aaaaagagguauuuaa

Pinus koraiensis aaugugagaaaguuacauagu*gucuacuuuuuc*******cgauaaagggguguuugc

Pinus thunbergii aaugugagaaaguuacauagu*gucuacuuuuuc*******cgauaaagggguguuugc

Amborella trichopoda aaugcgauaaaguuacauagu*gucuauuuug***********augaagggguauuucc

Arabidopsis thaliana aaugcaauaaaguuacauagu*gucuauuuuucgu******ugauaaagggguauuucc

Atropa belladonna aaugcaauaaaguuacguaga*uuuaucuuuga**********uauaagggguauuucc

Calycanthus �oridus aaugcgauaaaguuacauagu*gucuauuuuuucu*****uugauaaagggguauuuuc

Cucumis sativus agugcaauaaaguuacauagu*gucuauuuuuccu******ugauaaagggguauuucc

Lotus corniculatus agugcaauaaagucacauagu*gucuauuuucugu*****ugauagaagagguauucuc

Nicotiana tabacum aaugcaauaaaguuacguagu*gucuauuuaucuu*****ugauauaagggguauuucc

Nymphaea alba aaugugacaaaguuacauagu*gucuauuuuucuu******ugaugaagggguauuucc

Panax ginseng aaugcaauaaaguuacguagu*gucuuuuuuucuuug*auauaaauaagggguauuucc

Spinacia oleracea aaugcaauaaaguuacauagu*gucauuuuucuu*******ugauaaagggguauuucc

Oryza nivara gauaaaauaaagugacaucgu*gucuauuuuucuu******ugcuaaagggguauuucc

Oryza sativa gauaaaauaaagugacaucgu*gucuauuuuucuu******ugcuaaagggguauuucc

Triticum aestivum gauaaaauaaagcgacaucgu*gucuauuuuucuu******ugcuaaagggguauuucc

Zea mays gauaaaauaaagcgacaucgu*gucuauuuuucuu******ugcuaaagggguauuucc

Òàáëèöà 4. Ìíîæåñòâåííîå âûðàâíèâàíèå 5'-íåòðàíñëèðóåìûõ îáëàñòåé ãåíà psbB.
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Ðàáîòà ÷àñòè÷íî ïîääåðæàíà ãðàíòîì ISTC (2766).
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