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Áèîèíôîðìàòèêà

Àíäðåé Àëåêñàíäðîâè÷ Ìèðîíîâ

Ôàêóëüòåò áîèèíæåíåðèè è áèîèíôîðìàòèêè
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ÐÍÊ - îäíîöåïî÷å÷íàÿ ïîëèíóêëåîòèäíàÿ öåïü

ÄÍÊ vs ÐÍÊ

â ÐÍÊ èñïîëüçóåòñÿ ðèáîçà

âìåñòî äåçîêñè-ðèáîçû

â ÐÍÊ îáû÷íî U âìåñòî T

ÄÍÊ � îáû÷íî äâóíèòåâàÿ

ïîëèíóêëåîòèäíàÿ öåïü

ÐÍÊ � îáû÷íî îäíîíèòåâàÿ

ïîëèíóêëåîòèäíàÿ öåïü

íóêëåîòèäû â ÐÍÊ îáðàçóþò

êîìïëåìåíòàðíûå ïàðû.

ÐÍÊ ìîæåò îáðàçîâûâàòü

ñëîæíóþ ñòðóêòóðó
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Èíôîðìàöèîííûå ôóíêöèè ÐÍÊ

Èíôîðìàöèîííûå ôóíêöèè

ïåðåíîñ èíôîðìàöèè îò ÄÍÊ ê áåëêó

ò-ÐÍÊ � ñîîòâåòñòâèå ìåæäó êîäîíîì è àìèíîêèñëîòîé

ãåíîìû âèðóñîâ

äâóíèòåâàÿ ÐÍÊ: ðîòàâèðóñû, âèðóñû áåç ñèìïòîìîâ
ÐÍÊ+ ïîëèîìèåëèò, ìåíãî, ðèíîâèðóñû (íàñìîðê), ÿùóð
ÐÍÊ- ãðèïï,
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Êàòàëèòè÷åñêèå ôóíêöèè ÐÍÊ

Êàòàëèòè÷åñêèå ôóíêöèè

Ñèíòåç áåëêà � êàòàëèçèðóåòñÿ ÐÍÊ

Ïðîöåññèíã ÐÍÊ

ñïëàéñèíã � êàòàëèçèðóåòñÿ ÐÍÊ
àâòî-ñïëàéñèíã (ñàìîñïëàéñèðóþùèåñÿ èíòðîíû)
Ðèáîíóêëåàçà Ð � ôåðìåíò ïðîöåññèíãà òÐÍÊ
Äðóãèå ðèáîçèìû

Ãèïîòåçà ÐÍÊ-ìèðà
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Íàïðàâëÿþùèå ôóíêöèè ÐÍÊ

Íàïðàâëÿþùèå ôóíêöèè

ðåäàêòèðîâàíèå ÐÍÊ

ìîäèôèêàöèÿ ðÐÍÊ, òÐÍÊ

ìèêðî-íóêëåóñ → ìàêðî-íóêëåóñ

âíóòðåííÿÿ èíèöèàöèÿ òðàíñëÿöèè � IRES

ðåïàðàöèÿ ÄÍÊ
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Ðåãóëÿòîðíûå ôóíêöèè ÐÍÊ

Ðåãóëÿòîðíûå ôóíêöèè

òåðìèíàöèÿ òðàíñêðèïöèè ïðîêàðèîò

àòòåíþàòîðû

ñåêâåñòîðû òðàíñëÿöèè

ðèáîïåðåêëþ÷àòåëè

T-áîêñû

ìèêðî ÐÍÊ

ñòðóêòóðû, ðåãóëèðóþùèå ñïëàéñèíã

PIWI - ÐÍÊ

êîìïåíñàöèÿ äîçû ãåíà X-õðîìîñîìû

êîíòðîëü ðåïëèêàöèè

· · ·
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Ïðî÷èå ôóíêöèè ÐÍÊ

Ïðî÷èå ôóíêöèè

òåëîìåðàçíàÿ ÐÍÊ

òìÐÍÊ

çàòðàâêè äëÿ ðåïëèêàöèè
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Íåèçâåñòíûå ôóíêöèè ÐÍÊ

Íåèçâåñòíûå ôóíêöèè

äëèííûå íåêîäèðóþùèå ÐÍÊ

î÷åíü äëèííûå íåêîäèðóþùèå ÐÍÊ

êîðîòêèå íåêîäèðóþùèå ÐÍÊ

ýíõàíñåðíûå è ïðîìîòîðíûå ÐÍÊ
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Âòîðè÷íàÿ ñòðóêòóðà ÐÍÊ

Âòîðè÷íàÿ ñòðóêòóðà - ñîâîêóïíîñòü ñïàðåííûõ îñíîâàíèé

Ýëåìåíòû âòîðè÷íîé ñòðóêòóðû

ñïèðàëü = ïîñë.

ñïàðåííûõ îñíîâàíèé

øïèëüêà = ïåòëÿ, 1

ñïèðàëü

âíóòð.ïåòëÿ = 2 ñïèðàëè

ìóëüòèïåòëÿ >2 ñïèðàëåé

âûïÿ÷èâàíèå =2 ñïèðàëè,

ïî îäíîé íèòè ïàðû ïîäðÿä

Шпилька

Выпячивание

Внутр.петля

Мультипетля
Псевдоузел

Спираль
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Ýêñïåðèìåíòàëüíûå äàííûå

Ýêñïåðèìåíòû

ñïåöèôè÷åñêàÿ ìîäèôèêàöèÿ ñïàðåííûõ èëè íåñïàðåííûõ

îñíîâàíèé

îáðàòíàÿ òðàíñêðèïöèÿ

íà ìîäèôèöèðîâàííûõ îñíîâàíèÿõ ñðûâàåòñÿ � ñìîòðèì
ãäå ÷àùå ñðûâû
íà ìîäèôèöèðîâàííûõ îñíîâàíèÿõ äåëàåò îøèáêè �
ñìîòðèì ÷àñòîòó îøèáîê

ìàññîâîå ñåêâåíèðîâàíèå è àíàëèç ðåçóëüòàòîâ →
âåðîÿòíîñòü ñïàðèâàíèÿ
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Çîëîòîé ñòàíäàðò

Çîëîòîé ñòàíäàðò

Ýêñïåðèìåíòàëüíî îïðåäåëåííûå ñòðóêòóðû

Êîíñåðâàòèâíûå ñòðóêòóðû (íàïðèìåð, òÐÍÊ)
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Àëãîðèòì Íóññèíîôô

Îïòèìàëüíàÿ ñòðóêòóðà íà ñåãìåíòå [i, j]

i íå ñïàðåíî i j-1 j

i ñïàðåíî ñ j i i+1 j-1 j

i ñïàðåíî ñ i < k < j i k+1k j

ðåêóðñèÿ

S(i, j) = max


S(i, j − 1)
S(i + 1, j − 1) + 1
S(i + 1, k) + 1 + S(k + 1, j)
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Îïòèìèçàöèÿ ýíåðãèè

Ýíåðãèÿ âòîðè÷íîé ñòðóêòóðû

Ýíåðãèÿ âîäîðîäíûõ ñâÿçåé � ñâÿçè ìåæäó îñíîâàíèÿìè

íà ðàçíûõ öåïÿõ

Ýíåðãèÿ ñòýêèíãà � âçàèìîäåéñòâèå îñíîâàíèé â ñòîïêå

Ýíåðãèÿ ïåòåëü � ýíòðîïèéíûé âêëàä

Çàäà÷è è àëãîðèòìû

ìèíèìèçàöèÿ ïîëíîé ýíåðãèè âòîðè÷íîé ñòðóêòóðû

∆G→ min

âû÷èñëåíèå âåðîÿòíîñòåé ñïàðèâàíèÿ

Z =
∑

structures
exp(−∆G

kT ); p(ij) = Z(ij)
Z

ïîèñê ñóáîïòèìàëüíûõ ñòðóêòóð

ó÷åò ýêñïåðèìåíòàëüíûõ äàííûõ
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Ñòàòèñòè÷åñêàÿ ñóììà

Óñëîâíàÿ ñòàò.ñóììà: ñóììà ïî âñåì ñòðóêòóðàì, ãäå i � j:

Z(i, j) =
∑

struct|i�j

exp

(
−∆G

kT

)
=

∑
struct|i�j

exp

(
−(∆Gin + ∆Gout

kT

)

In

i j

Out

i
j

In

Out

Z(i, j) =
∑

In struct

exp

(
−∆GIn

kT

)
·

∑
Out struct

(
−∆GOut

kT

)
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Ñòàòèñòè÷åñêàÿ ñóììà

i ji+1 j-1

In(i + 1, j − 1) · exp
(
−∆G(i, j)

kT

)
i ji+1 j-1k k+1 (In(i + 1, k) + In(k + 1, j − 1))

·exp
(
−∆G(i, j)

kT

)
Âíóòðåííÿÿ ñòàò. ñóììà

In(i, j) = In(i + 1, j − 1) · exp
(
−∆G(i, j)

kT

)
+∑

k

(In(i + 1, k) + In(k + 1, j − 1)) · exp
(
−∆G(i, j)

kT

)
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Ñòàòèñòè÷åñêàÿ ñóììà

Âåðîÿòíîñòü ñïàðèâàíèÿ:

P (i � j) =
In(i, j) ·Out(i, j)

In(0, L)
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Ñðàâíèòåëüíûé àíàëèç

Ñðàâíèòåëüíûé àíàëèç

Åñëè åñòü ìíîãî ïîñëåäîâàòåëüíîñòåé, äëÿ êîòîðûõ ìû

îæèäàåì ñõîæóþ ñòðóêòóðó, òî íàäî èñêàòü îáùóþ ñòðóêòóðó

äëÿ íèõ

Ñòðîèì âûðàâíèâàíèå, ïîòîì èùåì îáùóþ ñòðóêòóðó.

Èùåì îáùóþ ñòðóêòóðó âìåñòå ñ ïîñòðîåíèåì

âûðàâíèâàíèÿ.
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Ñðàâíèòåëüíûé àíàëèç

Ïðåäñêàçàíèÿ

òðàíñïîðòíûå ÐÍÊ (Robert W. Holley, Hans Zachau)

ðèáîñîìíûå ÐÍÊ

ðèáîïåðåêëþ÷àòåëè

ðèáîçèìû
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Ðèáîïåðåêëþ÷àòåëè

Èñõîäíûå äàííûå

Åñòü ïåðåä îäíèì èç ãåíîâ áèîñèíòåçà ôëàâèíîâ îáëàñòü
îê. 150 íóêë.:

íåêîòîðûå ìóòàöèè ñíèìàþò ðåãóëÿöèþ
íåêîòîðûå ìóòàöèè íå ìåíÿþò ðåãóëÿöèþ

Åñòü ïîõîæèå îáëàñòè ïåðåä ãåíàìè ñèíòåçà ôëàâèíîâ

ïî÷òè âî âñåõ ãåíîìàõ
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Ðèáîïåðåêëþ÷àòåëè

1 2 2’ 3 Add. 3’ Variable 4 4’ 5 5’ 1’
=========> ==> <== ===> -><- <=== -> <- ====> <==== ==> <== <=========

BS TTGTATCTTCGGGG-CAGGGTGGAAATCCCGACCGGCGGT 21 AGCCCGTGAC-- 8 4 8 -----TGGATTCAGTTTAA-GCTGAAGCCGACAGTGAA-AGTCTGGAT-GGGAGAAGGATGAT
BQ AGCATCCTTCGGGG-TCGGGTGAAATTCCCAACCGGCGGT 19 AGTCCGTGAC-- 8 5 8 -----TGGATCTAGTGAAACTCTAGGGCCGACAGT-AT-AGTCTGGAT-GGGAGAAGGATATG
BE TGCATCCTTCGGGG-CAGGGTGAAATTCCCGACCGGCGGT 20 AGCCCGCGA--- 3 4 3 -----AGGATCCGGTGCGATTCCGGAGCCGACAGT-AT-AGTCTGGAT-GGGAGAAGGATGCC
HD TTTATCCTTCGGGG-CTGGGTGGAAATCCCGACCGGCGGT 19 AGTCCGTGAC-- 10 4 10 ----–TGGACCTGGTGAAAATCCGGGACCGACAGTGAA-AGTCTGGAT-GGGAGAAGGAAACG
Bam TGTATCCTTCGGGG-CTGGGTGAAAATCCCGACCGGCGGT 23 AGCCCGTGAC-- 8 4 8 ----–TGGATTCAGTGAAAAGCTGAAGCCGACAGTGAA-AGTCTGGAT-GGGAGAAGGATGAG
CA GATGTTCTTCAGGG-ATGGGTGAAATTCCCAATCGGCGGT 2 AGCCCGCAA--- 3 4 3 ------AGATCCGGTTAAACTCCGGGGCCGACAGTTAA-AGTCTGGAT-GAAAGAAGAAATAG
DF CTTAATCTTCGGGG-TAGGGTGAAATTCCCAATCGGCGGT 2 AGCCCGCG---- 7 6 7 --------ATTTGGTTAAATTCCAAAGCCGACAGT-AA-AGTCTGGAT-GGAAGAAGATATTT
SA TAATTCTTTCGGGG-CAGGGTGAAATTCCCAACCGGCAGT 6 AGCCTGCGAC-- 11 3 11 ----–CTGATCTAGTGAGATTCTAGAGCCGACAGTTAA-AGTCTGGAT-GGGAGAAAGAATGT
LLX ATAAATCTTCAGGG-CAGGGTGTAATTCCCTACCGGCGGT 2 AGCCCGCGA--- 4 4 4 -----ATGATTCGGTGAAACTCCGAGGCCGACAGT-AT-AGTCTGGAT-GAAAGAAGATAATA
PN AACTATCTTCAGGG-CAGGGTGAAATTCCCTACCGGTGGT 2 AGCCCACGA--- 3 4 3 -----ATGATTTGGTGAAATTCCAAAGCCGACAGT-AT-AGTCTGGAT-GAAAGAAGATAAAA
TM AAACGCTCTCGGGG-CAGGGTGGAATTCCCGACCGGCGGT 3 AGCCCGCGAG-- 5 4 5 ----–TTGACCCGGTGGAATTCCGGGGCCGACGGTGAA-AGTCCGGAT-GGGAGAGAGCGTGA
DR GACCTCTTTCGGGG-CGGGGCGAAATTCCCCACCGGCGGT 15 AGCCCGCGAA-- 8 12 9 ----–CCGATGCCGCGCAACTCGGCAGCCGACGGTCAC-AGTCCGGAC-GAAAGAAGGAGGAG
TQ CACCTCCTTCGGGG-CGGGGTGGAAGTCCCCACCGGCGGT 3 AGCCCGCGAA-- 5 4 5 -----CCGACCCGGTGGAATTCCGGGGCCGACGGTGAA-AGTCCGGAT-GGGAGAAGGAGGGC
AO AATAATCTTCAGGG-CAGGGTGAAATTCCCGATCGGCGGT 2 AGTCCGCGA--- 7 7 7 -----AGGAACCGGTGAGATTCCGGTACCGACAGT-AT-AGTCTGGAT-GGAAGAAGATGAAA
DU TTTAATCTTCAGGG-CAGGGTGAAATTCCCGATCGGTGGT 2 AGTCCGCGA--- 13 4 12 -----AGGAACTAGTGAAATTCTAGTACCGACAGT-AT-AGTCTGGAT-GGAAGAAGAGCAGA
CAU GAAGACCTTCGGGG-CAAGGTGAAATTCCTGATCGGCGGT 20 AGCCCGCGA--- 3 4 3 -----AGGACCCGGTGTGATTCCGGGGCCGACGGT-AT-AGTCCGGAT-GGGAGAAGGTCGGC
FN TAAAGTCTTCAGGG-CAGGGTGAAATTCCCGACCGGTGGT 2 AGTCCACG---- 5 4 5 -------GATTTGGTGAAATTCCAAAACCGACAGT-AG-AGTCTGGAT-GGGAGAAGAATTAG
TFU ACGCGTGCTCCGGG-GTCGGTGAAAGTCCGAACCGGCGGT 3 AGTCCGCGAC-- 8 5 8 -----TGGAACCGGTGAAACTCCGGTACCGACGGTGAA-AGTCCGGAT-GGGAGGTAGTACGTG
SX -AGCGCACTCCGGG-GTCGGTGAAAGTCCGAACCGGCGGT 3 AGTCCGCGAC-- 8 5 8 -----TTGACCAGGTGAAATTCCTGGACCGACGGTTAA-AGTCCGGAT-GGGAGGCAGTGCGCG
BU GTGCGTCTTCAGGG-CGGGGTGAAATTCCCCACCGGCGGT 30 AGCCCGCGAGCG 137 GTCAGCAGATCTGGTGAGAAGCCAGAGCCGACGGTTAG-AGTCCGGAT-GGAAGAAGATGTGC
BPS GTGCGTCTTCAGGG-CGGGGCGAAATTCCCCACCGGCGGT 21 AGCCCGCGAGCG 8 4 8 GTCAGCAGATCTGGTCCGATGCCAGAGCCGACGGTCAT-AGTCCGGAT-GAAAGAAGATGTGC
REU TTACGTCTTCAGGG-CGGGGTGCAATTCCCCACCGGCGGT 31 AGCCCGCGAGCG 7 5 7 GTCAGCAGATCTGGTGAGAGGCCAGGGCCGACGGTTAA-AGTCCGGAT-GAAAGAAGATGGGC
RSO GTACGTCTTCAGGG-CGGGGTGGAATTCCCCACCGGCGGT 21 AGCCCGCGAGCG 11 3 11 GTCAGCAGATCCGGTGAGATGCCGGGGCCGACGGTCAG-AGTCCGGAT-GGAAGAAGATGTGC
EC GCTTATTCTCAGGG-CGGGGCGAAATTCCCCACCGGCGGT 17 AGCCCGCGAGCG 8 4 8 GACAGCAGATCCGGTGTAATTCCGGGGCCGACGGTTAG-AGTCCGGAT-GGGAGAGAGTAACG
TY GCTTATTCTCAGGG-CGGGGCGAAATTCCCCACCGGCGGT 67 AGCCCGCGAGCG 8 3 8 GTCAGCAGATCCGGTGTAATTCCGGGGCCGACGGTTAA-AGTCCGGAT-GGGAGAGGGTAACG
KP GCTTATTCTCAGGG-CGGGGCGAAATTCCCCACCGGCGGT 20 AGCCCGCGAGCG 8 4 8 GTCAGCAGATCCGGTGTAATTCCGGGGCCGACGGTTAA-AGTCCGGAT-GGGAGAGAGTAACG
HI TCGCATTCTCAGGG-CAGGGTGAAATTCCCTACCGGTGGT 2 AGCCCACGAGCG 26 9 30 GTCAGCAGATTTGGTGAAATTCCAAAGCCGACAGT-AA-AGTCTGGAT-GAAAGAGAATAAAA
VK GCGCATTCTCAGGG-CAGGGTGAAATTCCCTACCGGTGGT 14 AGCCCACGAGCG 11 9 11 GTCAGCAGATTTGGTGAGAATCCAAAGCCGACAGT-AT-AGTCTGGAT-GAAAGAGAATAAGC
VC CAATATTCTCAGGG-CGGGGCGAAATTCCCCACCGGTGGT 13 AGCCCACGAGCG 5 4 5 GTCAGCAGATCTGGTGAGAAGCCAGGGCCGACGGTTAC-AGTCCGGAT-GAGAGAGAATGACA
YP GCTTATTCTCAGGG-CGGGGTGAAAGTCCCCACCGGCGGT 40 AGCCCGCGAGCG 16 6 16 GTCAGCAGACCCGGTGTAATTCCGGGGCCGACGGTTAT-AGTCCGGAT-GGGAGAGAGTAACG
AB GCGCATTCTCAGGG-CAGGGTGAAAGTCCCTACCGGTGGT 25 AGCCCACGAGCG 16 4 27 GTCAGCAGATTTGGTGCGAATCCAAAGCCGACAGTGAC-AGTCTGGAT-GAAAGAGAATAAAA
BP GTACGTCTTCAGGG-CGGGGTGCAATTCCCCACCGGCGGT 18 AGCCCGCGAGCG 10 4 10 GTCAGCAGACCTGGTGAGATGCCAGGGCCGACGGTCAT-AGTCCGGAT-GAGAGAAGATGTGC
AC ACATCGCTTCAGGG-CGGGGCGTAATTCCCCACCGGCGGT 16 AGCCCGCGAGCA 10 3 11 ---CGCAGATCTGGTGTAAATCCAGAGCCGACGGT-AT-AGTCCGGAT-GAAAGAAGACGACG
Spu AACAATTCTCAGGG-CGGGGTGAAACTCCCCACCGGCGGT 34 AGCCCGCGAGCG 6 6 6 GTCAGCAGATCTGGTG 52 TCCAGAGCCGACGGT 31 AGTCCGGAT-GGAAGAGAATGTAA
PP GTCGGTCTTCAGGG-CGGGGTGTAAGTCCCCACCGGCGGT 13 AGCCCGCGAGCG 7 3 7 GTCAGCAGATCTGGTGCAACTCCAGAGCCGACGGTCAT-AGTCCGGAT-GAAAGAAGGCGTCA
AU GGTTGTTCTCAGGG-CGGGGTGCAATTCCCCACCGGCGGT 17 AGCCCGCGAGCG 7 9 7 GTCAGCAGATCCGGTGAGAGGCCGGAGCCGACGGT-AT-AGTCCGGAT-GGAAGAGGACAAGG
PU AAACGTTCTCAGGG-CGGGGTGCAATTCCCCACCGGCGGT 19 AGCCCGCGAGCG 19 4 18 GTCAGCAGACCCGGTGTGATTCCGGGGCCGACGGTCAC-AGTCCGGATGAAGAGAGAACGGGA
PY TAACGTTCTCAGGG-CGGGGTGCAACTCCCCACCGGCGGT 19 AGCCCGCGAGCG 15 4 16 GTCAGCAGACCCGGTGTGATTCCGGGGCCGACGGTCAT-AGTCCGGATGAAGAGAGAGCGGGA
PA TAACGTTCTCAGGG-CGGGGTGAAAGTCCCCACCGGCGGT 19 AGCCCGCGAGCG 14 4 13 GTCAGCAGACCCGGTGCGATTCCGGGGCCGACGGTCAT-AGTCCGGATAAAGAGAGAACGGGA
MLO TAAAGTTCTCAGGG-CGGGGTGAAAGTCCCCACCGGCGGT 16 AGCCCGCGAGCG 8 5 8 GTCAGCAGATCCGGTGTGATTCCGGAGCCGACGGTTAG-AGTCCGGAT-GAAAGAGGACGAAA
SM AAGCGTTCTCAGGG-CGGGGTGAAATTCCCCACCGGCGGT 34 AGCCCGCGAGCG 8 3 8 GTCAGCAGATCCGGTCGAATTCCGGAGCCGACGGTTAT-AGTCCGGAT-GGAAGAGAGCAAGC
BME GCTTGTTCTCGGGG-CGGGGTGAAACTCCCCACCGGCGGT 17 AGCCCGCGAGCG 10 15 10 GTCAGCAGATCCGGTGAGATGCCGGAGCCGACGGTTAA-AGTCCGGAT-GGAAGAGAGCGAAT
BS ATCAATCTTCGGGG-CAGGGTGAAATTCCCTACCGGCGGT 18 AGCCCGCGA--- 5 4 5 -----AGGATTCGGTGAGATTCCGGAGCCGACAGT-AC-AGTCTGGAT-GGGAGAAGATGGAG
BQ GTCTATCTTCGGGG-CAGGGTGAAAATCCCGACCGGCGGT 27 AGCCCGCGA—-- 3 5 3 -----AGGATTTGGTGTGATTCCAAAGCCGACAGT-AT-AGTCTGGAT-GGGAGAAGATGGAG
BE ATTCATCTTCGGGG-CAGGGTGAAATTCCCGACCGGCGGT 20 AGCCCGCGA--- 3 4 3 -----AGGATCCGGTGCGAGTCCGGAGCCGACAGT-AT-AGTCTGGAT-GGGAGAAGATGAAG
CA AATGATCTTCAGGG-CAGGGTGAAATTCCCTACCGGCGGT 2 AGCCCGCGAG-- 3 4 3 ----TATGATCCGGTTTGATTCCGGAGCCGACAGT-AA-AGTCTGGAT-GAAAGAAGATATAT
DF GAAGATCTTCGGGG-CAGGGTGAAATTCCCTACCGGCGGT 2 AGCCCGCG---- 6 4 6 -------GATTTGGTGAGATTCCAAAGCCGACAGT-AA-AGTCTGGAT-GAGAGAAGATATTT
EF GTTCGTCTTCAGGGGCAGGGTGTAATTCCCGACCGGTGGT 3 AGTCCACGAC-- 5 3 5 ----ATTGAATTGGTGTAATTCCAATACCGACAGT-AT-AGTCTGGAT—-AAAGAAGATAGGG
LLX AAATATCTTCAGGG-CACCGTGTAATTCGGGACCGGCGGT 21 ACTCCGCGAT-- 4 4 4 ----–TTGAAGCAGTGAGAATCTGCTAGCGACAGT-AA-AGTCTGGAT-GGAAGAAGATGAAC
LO GTTCATCTTCGGGG-CAGGGTGCAATTCCCGACCGGTGGT 3 AGTCCACGAT-- 3 10 3 ----TTGACTCTGGTGTAATTCCAGGACCGACAGT-AT-AGTCTGGAT-GGGAGAAGATGTTG
PN AAGAGTCTTCAGGG-CAGGGTGAAATTCCCGACCGGCGGT 125 AGTCCGTG---- 3 4 3 -------GATGTGGTGAGATTCCACAACCGACAGT-AT-AGTCTGGAT-GGGAGAAGACGAAA
ST AAGTGTCTTCAGGG-CAGGGTGTGATTCCCGACCGGCGGT 14 AGTCCGCG---- 3 4 3 -------GATGTGGTGTAACTCCACAACCGACAGT-AT-AGTCTGGAT-GAGAGAAGACCGGG
MN AAGTGTCTTCAGGG-CAGGGTGAGATTCCCGACCGGCGGT 104 AGTCCGCG---- 3 4 3 -------GATGTGGTGAAATTCCACAACCGACAGT-AA-AGTCTGGAT-GGGAGAAGACTGAG
SA ATTCATCTTCGGGG-TCGGGTGTAATTCCCAACCGGCAGT 6 AGCCTGCGAC-- 11 3 11 ----–CTGATCTAGTGAGATTCTAGAGCCGACAGT-AT-AGTCTGGAT-GGGAGAAGATGGAG
AMI TCACAGTTTCAGGG-CGGGGTGCAATTCCCCACTGGCGGT 14 AGCCCGCGC--- 5 5 5 ------TGATCTGGTGCAAATCCAGAGCCAACGGT-AT-AGTCCGGAT-GGAAGAAACGGAGC
DHA ACGAACCTTCGAGG-TAGGGTGAAATTCCCGACCGGCGGT 20 AGCCCGCAAC-- 11 4 11 --CGACTGACTTGGTGAGACTCCAAGGCCGACGGT-AT-AGTCCGGAT-GGGAGAAGGTACAA
FN AATAATCTTCGGGG-CAGGGTGAAATTCCCGACCGGTGGT 2 AGTCCACG---- 4 6 4 -------GATTTGGTGAAATTCCAAAACCGACAGT-AG-AGTCTGGAT-GAGAGAAGAAAAGA
GLU ---TGTTCTCAGGG-CGGGGCGAAATTCCCCACCGGCGGT 28 AGCCCGCGAGCG 10 4 10 GTCAGCAGATCCGGTTAAATTCCGGAGCCGACGGTCAT-AGTCCGGAT-GCAAGAGAACC---
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Ðèáîïåðåêëþ÷àòåëè

Ìåõàíèçì ðàáîòû

Åñòü ôëàâèí → çàïðåò

FMN

Íåò ôëàâèíà → ðàçðåøåíèå

FMN

Ýêñïåðèìåíòàëüíûå ïîäòâåðæäåíèÿ

ðàçðóøåíèå ñòðóêòóðû ðàçðóøàåò ðåãóëÿöèþ

ðåíòãåíîñòðóêòóðíûé àíàëèç
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Ðèáîïåðåêëþ÷àòåëè

Ðèáîïåðåêëþ÷àòåëè

Cobalamin

FMN � �avin

Glutamine

Glycine

Lysine

PreQ1 � pre-queuosine1

Purine riboswitches

SAH � S-adenosyl homocysteine

SAM � S-adenosyl methionine

TPP � thiamin pyrophosphate

· · ·

ðèáîïåðåêëþ÷àòåëü

Lis
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