LIMEs are homologous to RNA genes
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Summary Results

[TocnepoBaTternbHocTn Bcex LIME coBnagatoT ¢ nocriegosatensHOCThIO pa3HbiX RNA (tRNA, INcCRNA, snRNA,
Problem rRNA).
 buonornyeckaa npupoga AONMUHHBLIX KOHCEPBATUBHbLIX NEMEHTOB (LIME) He wu3ydeHa. Mol Cpeau LIME He HaiigeHbl nocrefosaTensHocTH, coBnagaroiume ¢ miRNA.
nposepsinu runotesy, 4to LIME moryT koanposaTh kakon-Hubyab in PHK. OpHa nocnegosaTenbHocTb LIME coBnagaeT ¢ U6 snRNA, koTopasi B CTPYKType CnaiiceocoMbl YacTUYHO
* Biological nature of long conservative elements (LIME) is unknown. We examined a hypothesis komnnemeHTapHa U4 snRNA (Puc. 2) n pacnonaraeTcsi B LeHTparbHON YacTu eé cTpyktypbl (Puc. 3). Bece
that LIMEs can code some types of RNA molecules. kormmn atoro LIME nexaT B aHHOTMPOBAHHbIX 3K30HAX UMW B MHTPOHAaX Ha rpaHule ¢ ak3oHamu (Puc. 4). U6
Results snRNA pgencreutenbHO TpaHCKpubupyetca BO Bcex Jokycax 3tux LIME, kpome opgHoOro, nexawlero

« MbI BbiiCHUNK, YTO nocnegoBaTtenbHocTU Bcex LIME nepekpbiBaloTcsa ¢ nocrnegoBaTenibHOCTAMMU OAHOBPEMEHHO B MHTPOHE U B SK30HE.
HEKOTOpbIX M3BecTHbIX TMNoB PHK. B Tom uncne 21 nocnepoBaTenbHocTel LIME coBnagatoT ¢ 3 nocnepoBaTenbHocTu LIME coBnapatot ¢ pubocomansHon PHK.
tRNA, n3 kotopbix 5 Takke Bxoasat B INcRNA, 3 ¢ rRNA u 1 ¢ U6 snRNA. [na LIME, BxogsLiero B bonblnHcTBO nocriegosatensHocten LIME (21) coBnagatoT no nocriegosatensHoctn ¢ TPHK (Puc. 5.), nnbo

U6, Mbl BbISSICHANK NOJIOXKEHNE B CNIlaiceocome, rae OH KOMNIeMeHTapHo cBsa3biBaeTcs ¢ U4. ¢ TPHK-nogoOHbIMK anemMeHTamu, nexaiwmm BHyTpr ogHon u3 nsatn HangeHoix INCRNA (Puc. 6).
We found that all LIME sequences corresponded to known types of RNA, including 21 LIME Tonbko gBa knacca INcRNA ¢ TPHK-nogobHou cTpykTypon Obinu onncaHel paHee [2,3], 1 0OHapy>XeHHble HaMU
sequences matched different tRNAs, 5 of which are also a part of IncRNA, 3 matched rRNa and 1 5 PHK aToro tmna He nmeroT 3Ha4YMMOro cxoacrtsa C HUMKM NO nocriegoBaTeribHOCTU.

matched U6 snRNA. We found the U6 LIME’s location in the spliceosome, where it is
comblementary bound to U4 snRNA.
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 LIME, nnn gnnHHble ngeHTUYHbIE MEXBUOOBbLIE SNEMEHTbI - nocrnegoBaTenbHOCTU ArHHon >100 " D\ ‘ Puc 3/Fia. 3 T
HYKIeoTuaoB, BCTpevarLmecs y pasHbix npegcrasutenen tetpano (Puc.1, [1]). B Hawen 1o(0)  CAGUULUUARG SECCCAEACSEITOUCAARAEY S u:/zgluégén:;a gf;g':;if'cclgymypa
Sm cc ANAR Gu U4/U6
nabopatopun Mbl Mccneqosanm ,D,peBHVI? LIME, koTopble 6onee 50 HykneoTnaoB B ASNTUHY U binchg i § el (kpacHasi) u4 (senénas) u LIME
BCTpe4aroTca 6e3 eauHON HYKNEeOoTUOHOM 3aMeHbl 3a npeaenamMm 4esmtoCTHOPOThIX (a HEKOTOpbIe "' BHYTPM U6 (cvHee) 1 ub 6e3 LIME
naxe y rpmbos). NpuynHa nogobHown akcTpemansHon koHcepBaTusHocTn LIME HensBecTHa. LIME U (dronetosoe). Crystal structure of
He KOOMPYIOT 6enokK, NO3TOMY Mbl MCCMEAOBANMN BO3MOXHOCTb, 4To LIME koampytoT PHK. Mbl thed“4/‘i5/“6 Sp“CeOdsome _‘;‘;}'t[‘h“5
NpPOBEPANN 3TO rMNOTE3Y NpeackasbiBasg BTOPUYHYIO CTPYKTYPY nocnegosatensHocten LIME m (Lrﬁw)z’ :eq(féiig)(ﬁrue; Zr\]’g ©
CpaBHMBas NX ¢ ApYrMMn aHHOTUPOBAHHbLIMU FrEHOMHbIUM anemMeHTamu. Hekotopble LIME yxe ' non-LIME u6 (violet). Structure

661N aHHOTUPOBaHHbLI HekoTopble PHK, 4To nogaepxuBano Hawy runoTesy. from [4].
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TCATGCTGCAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACAACTGATCGA — , -
H.sapiens GATCGAACGAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACAGTCGTGACT T Tt naergcios. somuentas o ook Smterencs soouence| | | | | Score Expect Identities Gaps Strand
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Puc 1/Fig 1: MHO)KGCTBGH!—IOG BbIPABHNBaHME KOHCEPBATMBHOIO y4acTka (LIME_ KpacHbIM) B KOHTEKCTE MeHee JOHCepBaTMBHOW NocneaoBaTeibHOCTH . i i tHask Sbjct 1 TCCCTGGTGGTCTAGTGGTTAGGATTCGGLGLTCTCACC
(nokasaHo cuHeMm). A multiple alignment of the conserved LIME sequence (red) in the context of the less conserved background (blue).

GCCGCGG

T CCGGGTTCGATTC 60
C

|l
GGGTTCGATTC 60

CCGCGGCCC
[LTLTTLTT
GCCGCGGCCC

Query 61 CCGGTCAGGGAA 72

LT ]

Sbjct 61 CCGGTCAGGGAA 72

« LIME (Long ldentical Multispecies Elements) are sequences at least 100 nucleotides long that
maintain 100% sequence identity in different tetrapods. We worked with ancient LIMEs, which are Puc. 4/Fig. 4 Mpumep LIME coenapatowero ¢ ué snRNA Ho npu atom  Puc 5/Fig. 5 BeipasHusaHue LIME ¢ TPHK. An alignment of a LIME and a
more than 50 nucleotides long and identical among vertebrates (some are found even in fungi). The HaxogsiLLieMcs B UHTpoHe apyroro reHa. An example of a LIME that tRNA sequence.
reasons for the extreme conservation remain unknown. LIMEs are known not to be elements of coincides with UG snRNA that is located in the intron of another gene.
protein-coding genes. Thus, we explored the possibility that LIMEs are elements of RNA-coding
genes. We tested our hypothesis by predicting the secondary structure of LIME sequences, and by 603 ——Fp] 662 Puc 6/Fig. 6 Nokanusaumst TPHK-
comparing LIMES to other annotated genomic elements. Some ancient LIMEs were already 300 f——gp| 371 nono6HbIx LIME B
annotated as RNAs, supporting our hypothesis. nocrnenoBaTenibHOCTSAX MATH

INcRNA. The location of tRNA-line

506 —p{ 577 LIMEs in five mature INcRNA
T T T T All LIME sequences had high sequence identity with known types of RNA molecules (tRNA, INcCRNA, snRNA,

132 (g 105 sequences.
]
Ancient 121 19 893506 58 ACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC rRNA)

LIMEs 122 19 893507 57 CTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC No LIME imilar t fthe k iRNA
Exons 115 123 19 893508 56 TAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC O sequences were similar to any or the KkKnown mi sequences

124 19 893509 55 AAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC One LIME sequence was identical to U6 snRNA, which is partially complementary to the U4 snRNA (Fig. 2)

Introns 515 125 19 893510 54 AAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC . - . . .
Nongenic 1118 e and located in a central part of the structure (Fig. 3). All the copies of this LIME are located in annotated

127 19 893512 52 ATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC exons or in introns at the border with exons (Fig. 4). U6 snRNA is transcribed from all the locuses of these

129 19 893514 50 TGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC . . .
115 19 1021538 64 ACATATACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACGC LIMES’ except One’ Iocated at bOth exon and IntI’OH at the same tlme

. 3 LIME sequences are parts of ribosomal RNA.
LIME id chr start sequence

LIMEHSA3_ 1161399717 AACCGGGGACCTTTCGCGTGTGAGGCGAACGTGATAACCACTACACTACGGAAAC Most of the LIME sequences (21) were identical to tRNAs (Fig. 5) or to the tRNA-like elements, located In

REC : , : .
LIMEHSA2_ 1 27325235 ACATATACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACA one Of f|Ve dlﬂ-‘erent InCRNAS (Flg. 6)

Exons 31 LIME HSA.7_ 3 195214803 ACATATACTAAAATTGGAACGATACAGAGAAGAT TAGCATGGCCCCTGCGCAAGGATGACA . _ _ _ _
Introns 47 LIMEHSA8_ 4 88684875 GTGTCATCCTTGCGCAGGGGCCATGCTAATCTTCTCTGTATCGTTCCAATTTTAGTATATGT Only two classes of INcCRNA genes containing RNA-like structures were described prewously [2,3]. The five

. LIME.HSA.10 7 123790632 GTGTCATCCTTGCGCAGGGGCCATGCTAATCTTCTCTGTATCGTTCCAATTTTAGTATATGT - - - - - -
Nongenic 96 ; INcRNAs we described do not show any sequence identity with the two previously described cases.
LIME.HSA. 11 10 13217285 ACATATACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACG
LIME HSA.12 10 21321977 ACATATACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACG
LIME HSA.15 12 97721732 ACATATACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACG

LIME id chr start sequence
LIME.HSA3 « 1161399717 AACCGGGGACCTTTCGCGTGTGAGGCGAACGTGATAACCACTACACTACGGAAAC

|
Unique LIME LIME HSA 28 19 1021538 ACATATACTAAAATTGGAACGATACAGAGAAGATTAGCATGGCCCCTGCGCAAGGATGACACG ‘ o n c I u s I o n s
sequences LIME HSA 22, 15 89335076 GCGTGGCCTAATGGATAAGGCGTCTGACTTCGGATCAGAAGATTGCAGGTTCGA
LIMEHSA24 17 8222832 GGGCTCGTCCGGGATTTGAACCCGGGACCTCTCGCACCCGAAGCGAGAATCAT -
Total 25 Ll - Tl e et s e e e e [Tockonbky Bce LIME cootBeTcTBYIOT Hekoaupyrowen PHK, MOXXHO npeanonoXuTtb, YTO UX SKCTpeMarnbHas
LIME.HSA.29 19 1383562 GTCTCTGTGGCGCAATCGGTTAGCGCGTTCGGCTGTTAACCGAAAGGTTGGTGGTTCGAGC KOHCEPBATUBHOCTb CBA3aHa C BbICOKNM beHKLI,I/IOHaJ'IbeIM 3Ha4YeHunem, B TOM 4HUCJlie C CbOpMI/IpOBaHI/IeM KOMMJ1IEMEHTAPHbIX
nocnenoBartenbHOCTEW BHYTPU Monekynbl PHK nnu mexay monekynamu.

Mel paccmatpusany oTAenbHO Tpu rpynnbl LIME: 3K30HHbBIE, UHTPOHHbIE U MeXreHHble. Mbi BO3MOXHO, Mbl On1cany HoBble dYHKLMOHanbHble dopmbl INCRNA ¢ TPHK-nogo6HbIMK yyacTkamum.
obbveanHunm sce gpesHue LIME B cOOTBETCTBYOLWNE PEMMOHLI 3KCTPEMASIbHON KOHCEPBATUBHOCTU

(REC). Danee mMbl BbIbpanu n3 HUX TONbKO YHUKarbHbIE NocneaoBaTenlbHOCTU U B OCHOBHOM All LIMEs correspond to non-coding RNA, thus, we hypothesize that their extreme conservation is related to their function,

pabotanu ¢ HumK. such as maintaining complementary bonds with the molecule or between molecules.
The five instances of INCRNA genes containing tRNA-like structures likely represent genes with novel functions.

Mol ucrnonodosanu BLAST [5] ans BeipaBHuBaHUA U RNAfold n3 Vienna Package [6] ans
npenckasaHuns BTopudHon cTpykTypbl PHK. Mbl ncnonb3soBanu criegyowme 6asbl JaHHbIX Ans

noncka noxoxunx nocnepgosatensHocTen B 6ase gaHHbixX LIME: tRNA [7], IncRNA [8], rRNA n snRNA F Utu re D i re Cti O n s

[9].
Hantu nonoxeHue pndocomarnbvHbix LIME B cTpykType pnbocombl, U MOXET ObiTb OOBACHUTE MX KOHCEPBATUBHOCTb.
We studied three groups of LIMEs: exonic, intronic and nongenic. We combined all of the ancient [MpoBepuTb, CBA3aHa N1 YacToTa 3aMeH C MONIOXKEHMEM LUNWUMEK U NeTeNb BTOpUYHON CTPyKTypbl PHK.

LIMESs into regions of extreme conservation (REC) and then selected unique sequences from RECs CpasHutb LIME ¢ nocneAoBaTenbHOCTSMI TPAHCNIO30HOB B TEHOME YeroBeka. )
and worked mostly with them N3yuntb 60nee monoasie LIME annHHon 6onee 100 HykneoTnaoB Anst noMcka obLmnx 3aKOHOMEPHOCTEMN.

_ . To find the location of ribosome LIMEs in the ribosome structure, which may explain it's conservation.
We used BLAST [3] for sequence alignment and the RNAfold program of Vienna Package [6] for Examine the rate of substitution in loops and hairpins in RNA secondary structure.

predicting the secondary structure of RNAs corresponding to the LIME sequences. We used several Align LIMEs to the sequences of transposons in human genome.
available database of various RNAs to search for similar LIME sequences: tRNA [7], IncRNA [8], To study more recent LIMEs >100 nucleotides long and attempt to find general patterns.
rRNA and snRNA [9].
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