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Summary Results

Aims Plant LIMEs in protein-coding regions PacturensHiie JIAUMbI B 6en0oK-KOAMPYIOWMNX yYaCcTKaxX
- Determine if extremely conserved elements occur in the RNA- and protein-coding regions e For the first time, we have found plant LIMEs conserved in several Example 1: TRIUR3_24768 (Ribonuclease 2; RNase T2 family)
of plant genomes protein coding regions BN § EI 4 EE EE | ==

e Bnepsble Mbl 06Hapyxunu JIAVIM-bl y pacTeHUn COXPaHEHHbIE B sr—— ‘
6enoK-KoaVpYIoLLIEN NocrnenoBaTenbHOCTU Transcript of TRIUR3_24768 includes 10 exons. LIME region occupies

: : : i entire exon 9.
e In this case study, we present one of the most interesting examples: Tparckpunt TRIUR3 24768 cocToswumii 3 10 aksoHos. JAVIM & sTom

 Onpenennutb HaxogsaATCsl N 9KCTPEMAarnbHO KOHcepBaTUBHbIE 3nemMeHTbl B PHK- mnnu
Bbenok-KoaMpYyoLLKnX y4acTkax reHOMOB pacTeHUN

ReSU |tS three unrelated proteins sharing the same nucleotide and residue [EHE NONMHOCTBLIO 3aHNMAET 9-11 SK30H
sequence (no synonymous mutations)
« Plant Long Identical Multispecies Elements (LIMEs) were found in three types of RNA: ® B 3TOM NpyMepe Mbl pacCMaTpUBAEM OAUH U3 UHTEPECHENLLIMX i
U2/U6 snRNA, IncRNA, and tRNA cny4aes: JIAIM kopupytoLmi NoCNeAoBATENEHOCTS 13 23 Domain architecture of TRIUR3_24768 protein

- o [OomeHHasn apxutekTypa 6enka TRIUR3 24768
o [nuHHbIE NOeHTNYHblE MexBuaoBble anemMeHTbl (JIAWMbI) B pacTeHnax Obinyv HangeHbl B LIME (69nt): TATCAGATATTAAACTGATAAGAACAGATACTACACTTGATCTTAGCCAAAAGGCCGAGAAAGGTATGA

Tpex Buaax PHK: Y2/Y6 maPHK, onuHon Hekogupytowen PHK n TPHK Protein sequence (23 res): SDIKLIRTDTTLDLSQKAEKGM
« Several LIMEs were found universally conserved in the sequences of unrelated proteins

e Heckonbko JIAVM-0B 6binM HalgeHbl B 6GEnOK-KOAMPYIOLMX MNOCHenoBaTenbHOCTAX
9BOMIOLMOHHO HEPOACTBEHHbIX 6erkoB ' e L

Transcript of this gene includes 4 exons. LIME region occupies entire exon 4.
TpaHCKpUnT reHa coctodAwmin n3 4-x ak3oHoB. JIAMM noyTtn nonHOCTLIO 3aHUMaET 4-1 3K30H

B a c k ro u n d s i R RS R . o ice s o ramen i ] PP LA R LKA 00 BB T L NGT SUoRSELE TR Model of TRlUR3_24768 " |
— Protein-coding LIME is  Alignment of TRIUR 24768 with homology

Example 2: Vacuolar ATP synthase catalytic subunit-related gene from A. thaliana

e shown in green. protein Rnase-related protein from C.
. _ i ———— — Mopens TRIUR3_24768. sepium.
 Until now, plant LIMEs were only found in a small group of plant genomes Secondary structure of the protein. LIME oceupies a helix. Berok-koavpyowuit JTIAUM BeipasHusatne TRIUR 24768 ¢

b ! rnokasaH 3efieHbIM LiBETOM. _
BTopuyHast cTpykTypa 6enka. JIAVIM (3eneHblit) HaxoauTcs B cnviparne romMonorvyHbIM benkom. benok

« [lo cux nop pactutenbHble JIAVMBbI nccrieqoBanmuch TOMLKO Y HEBOMbLUON konvpytowii JIAVIM nokasaH 3eneHbim

rpynnbl pacTeHum HEeTOn.
_ L _ _ Example 3: Unknown gene from Vitis vinifera
« LIMEs with complex, non-repetitive structure have been found exclusively in o

non-coding regions of plant genomes

« JJAVIM-bl CO CROXHOWN, HENOBTOPSIOLLENCS, MOCHeaoBaTeNbHOCTHIO Bbinu
HanOeHbl TONbKO B HEKOOAUPYHOLLMX yHacTKaX reHOMOB pacTeHUN

Transcript of this gene includes 2 exons. 2 identical LIMEs occupy entire exon 1 and a part of exon 2.
TpaHCKpUNT reHa cCoCToAWMN N3 2-X 9k30HOB. [IBa nageHTn4HbIx JIAVMIM-a no4Tty NoNHOCTLIO 3aHUMaoT 1-1
N YAaCTUYHO 2-1 3K3OHbI

u—-——-ag [— = = — )

PTHR34892 PTHR34892

Homology model of Vacuolar ATP synthase Family not named (vacuole) Family not named (vacuole)
e o s catalytic subunit-related with a LIME
Mogenb BakyonbHoW ATP-CrHTa3bl C Domain architecture of the above protein
. . . . . . NMAAMoM. [omeHHasn apxuTekTypa 6enka
Protein-coding region annotation and characterization
AHHOTaUMA N XapakTepusauma 6eroK-KoaguUpyoLWNX permoHoB AOA371GW45_MUCPR - M. pruriens |, — .
Overlabi AOASBOPLWOS_WHEAT - 1. aestivum ; = M| Protein from Vitis vinifera with two identical
Plant LIMEs veriapping genes LIMEs (green)
AOAO078FIB1_BRANA - B. napus = benok ¢ 4ByMSa naeHTUYHbIMU NANM-amu
. - BblOENEeHO 3erneHbIM
E—) EnsemblPlants E——) | )
Search protem sequences AOA498HCQ2_MALDO - M. domestica
Jpred 4 A0A444X572 ARAHY - A. hypogaea
BLAST aarpeiing Jut The same LIME protein sequence was found to occur identical in numerous unrelated plant proteins
Determine protein secondary Ta e 6enkosas nocrnegosaTefibHOCTb cooTBeTcTByowWwas JIAVM-y 6bina HaaeHa B MHOrOUMCIIEHHbIX PaCTUTENbHbLIX 6enkax HepOACTBEHHbIX MEX COBOM
structure
' Plant LIMEs in RNA-coding regions PactutenbsHsie JIAUMbI B 6enok-koaupyrowmx yyactkax
%

Example 1: Plant LIME (green) found in tRNA ™

& 8 UCSF [Npumep 1: PactutenbHbivi JIAUM (3eneHbiit) 5 4

e |nterPrO — m — Chlmera o PHK GG _

o _ HaWOEeHHbIE B T e Example 2: Plant LIME (green) found in U2

Step 1: Search protein Step 2: Step 3: Protein structure analysis 2 and U6 snRNA

domains Protein modeling

s [pumep 2: PactutenbHbii IAUM (3eneHbin)
HanaeHHble B Y2 n Y6 MaPHK

"ﬂn.f pre- mRNA Lsmsite
~ F : ~ Pre-B complex —_  f
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Step 5: Analyze homol tein and functional 1P & Sequence slignment T Ao e T Y ﬂ.f.., / | As.stemmp = B
ep 5: Analyze homology protein and functiona i | -, ~ S, |
similarities ' | \‘"’* % i g:’é’:ﬂ’?
RNA-coding region annotation and characterization % P 3 :
A PHK Mmﬁw \.\V\ I H/ m,,,,,,, m 8 #AC: ACAGA box
HHOTALUUA U XapakKTepusauuns -KoAnpyruwmnx permoHoB Db Example 2: Plant LIME (green) found =1 ;
¢ % in INcRNA C= \/ Mgty p
TOP 100 [lpumep 2: PactutenbHbin JIAVM u1 snrNA (R / = '
longest o 3eneHbin) HangeHHbI B INCRNA i ) - .
LIMEs ( ) ﬂ' | %ﬂ UG SnRNA us snRNA
BLAST
EENONCODE RNAalifold Secondary structure - -
Arabidopsis Thaliana ncRNAs === ncRNA F Utu re D I re Ctl O n S
e Determine the evolutionary forces behind the universally conserved protein-coding regions
plant LIMES
Conclusians e OnuncaTb 3BOMOLUMNOHHbIE MEXAHU3MbI CTOSILLME 3@ YHMBEPCA/SIbHO KOHCEPBATUBHbLIMKN HE0K-
kogupyrwwmnmm JIAUM-amu
« We found that plants LIMEs are often located in the RNA and protein-coding e Compare the conservation levels in other snRNA units in plant and animal genomes
regions e CpaBHUTb YPOBHW KOHCEPBATMBHOCTM B ApyruMx Tunax MAPHK B reHomMax pacteHun u
»  Mbl BbIiICHUNK, 4TO pacTutensHble NNAVMM-bl yacTo pacnonaraetcs B PHK- 1 ’KNBOTHbIX
6enoK-KoanpyloLKnxX y4acTkax pacTUTenbHbIX rEHOMOB
+ Strikingly, some LIMEs are shared by the sequences of evolutionary Refe rences
unrelated proteins
5 1. Renecker et al., PNAS, 109 (19) (2012)
* YoumButenbHblM 00pasom, Hekotopble JIAUM-bI Obinn  OBHapyxeHbl B 2. Zhao, Xinyue, et al. Nature communications 9.1 (2018)
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