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Summary

Aims

Determine if extremely conserved elements occur in the RNA- and protein-coding regions
of plant genomes

OnpegennTb HaxoOsaTCA N 3KCTPEMAlibHO KOHCepBaTUBHble 3remMeHTbl B PHK- nnu
Bbenok-KoaMpYyoLKnX y4acTkax reHOMOB pacTeHUN

Results

Plant LIMEs in protein-coding regions PacturensHble JIAUMbI B 6enok-kognpyoLWmMX y4acTKax

e For the first time, we have found plant LIMEs conserved in several
protein coding regions
Bnepsble Mbl 06Hapyxunu JIAVIM-bl y pacTeHUin COXpaHEHHbIE B
benok-kogupytoLlen nocrnegoBaTenbHOCTH
In this case study, we present one of the most interesting examples:
three unrelated proteins sharing the same nucleotide and residue

—=mi Reverse strand

Example 1: TRIUR3 24768 (Ribonuclease 2; RNase T2 family)

mifI  HE BEH B |
Transcript of TRIUR3_ 24768 includes 10 exons. LIME region occupies
entire exon 9.

TpaHckpunT TRIUR3 24768 coctoawmii ns 10 ak3oHoB. JTAVIM B aTom

reHe noJIHOCTbI 3aHMMaeT 9-1n 3K30H

Results

« Plant Long Identical Multispecies Elements (LIMEs) were found in three types of RNA:
U2/U6 snRNA, IncRNA, and tRNA

ONunHHbIE MOEHTUYHBbIE MeXBUAOBbIE aneMeHTbl (JTAVMMbI) B pacTeHunsx 6binv HanaeHs! B
Tpex Buaax PHK: Y2/Y6 maPHK, annHon Hekogupytowen PHK n TPHK

Several LIMEs were found universally conserved in the sequences of unrelated proteins

Heckonbko JNAWM-0B 6binn HangeHbl B 6enok-koauMpylowmx nocrneaoBaTenbHOCTAX
9BOJTIOLMOHHO HEPOACTBEHHbLIX ODENKOB

Background

Until now, plant LIMEs were only found in a small group of plant genomes

Oo cux nop pactutenbHble JIAVUMbI nccreosBanuch TOMLKO Y HEBGOMbLUON
rpynnbl pacTeHuwn

LIMEs with complex, non-repetitive structure have been found exclusively in
non-coding regions of plant genomes

NTAVM-bI CO CROXHOW, HEMNOBTOPSIOLLENCS, MOCNenoBaTenbHOCTLIO Bbinu
HanaeHbl TONMbKO B HEKOOAUPYHOLLMX YyHacTKaxX reHOMOB paCTeEHUU

Methods

Protein-coding region annotation and characterization

AHHOTaAUMA U XapaKTepusauus 6enoKk-KkogmpyroLwmnx peruoHoB

Overlapping genes
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Step 2:
Protein modeling
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Step 1: Search protein

- Step 3: Protein structure analysis
domains
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Step 4: Sequence alignment

Step 5: Analyze homology protein and functional
similarities

RNA-coding region annotation and characterization
AHHOTauua n xapakrepusauma PHK-kogupyrowmnx permoHoB
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Conclusions

We found that plants LIMEs are often located in the RNA and protein-coding
regions

Mbl BbISICHUNY, YTO pacTuTenbHble JTIAVMM-b1 yacTo pacnonaraetcsa B PHK- 1
benok-koanpyrLWmMx yyactkax pacTUTENbHbIX F’EHOMOB

Strikingly, some LIMEs are shared by the sequences of evolutionary
unrelated proteins

YameutenbHblM 06pasoM, Hekotopble JIAVIM-bl 6binv  0BHapyxeHbl B
nocrneanoBaTefibHOCTAX He POACTBEHHbLIX Mexay cobon 6ernkos

sequence (no synonymous mutations)
B aToM npumepe Mbl paccmMaTpuBaemM OAuH N3 NHTEPECHENLLNX
cnyyaes: JIAVM koaunpyrowmnm nocnenoBaTenbHOCTb U3 23

LIME (69nt): TATCAGATATTAAACTGATAAGAACAGATACTACACTTGATCTTAGCCAAAAGGCCGAGAAAGGTATGA

Protein sequence (23 res): SDIKLIRTDTTLDLSQKAEKGM

Example 2: Vacuolar ATP synthase catalytic subunit-related gene from A. thaliana
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Transcript of this gene includes 4 exons. LIME region occupies entire exon 4.
TpaHCKpUnT reHa coctodAwmin n3 4-x ak3oHoB. JIAMM noyTtn NonHOCTLIO 3aHUMAaET 4-1 3K30H

Domain architecture of TRIUR3 24768 protein
[OomeHHasn apxutekTypa 6enka TRIUR3 24768

Model of TRIUR3_24768.

Secondary structure of the protein. LIME occupies a helix.
BTropuuHas cTpykTypa 6enka. JJAM (3eneHbin) Haxoautes B cnvpane

Protein-coding LIME is

Mopgenb TRIUR3 24768.
Benok-koampytowmn JTJAUM
NnokasaH 3ereHbIM LIBETOM.

Alignment of TRIUR_24768 with homology
protein Rnase-related protein from C.
sepium.

BoipaBHuBaHne TRIUR 24768 c
roMonornyHbiM 6enkom. benok-
KOOMPYHOLLNK NAVM nokasaH 3eneHbiM
LiIBETOM.

shown in green.

Example 3: Unknown gene from Vitis vinifera

Transcript of this gene includes 2 exons. 2 identical LIMEs occupy entire exon 1 and a part of exon 2.
TpaHCKpUNT reHa CoCToAWMN N3 2-X 9k30HOB. [IBa naeHTn4HbIX JIAVMIM-a no4yTtr NoNHOCTLIO 3aHUMaoT 1-1

N YaCTUYHO 2-M 9K3OHbI
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PTHR34892
Family not named (vacuole)

Homology model of VVacuolar ATP synthase PTHR34892

catalytic subunit-related with a LIME
Mogenb BakyosibHon AT®-cuHTasbl C
NTAMMowm.

Domain architecture of the above protein
[omeHHasn apxuTekTypa 6enka

Family not named (vacuole)
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AOA371GW45 MUCPR - M. pruriens

AOA3B6PLW5_WHEAT - T. aestivum

e ——

Protein from Vitis vinifera with two identical

AOAO078FIB1_BRANA - B. napus

LIMEs (green)
benok ¢ oBymsa naeHTn4yHoimu JIAUUM-amum
(BblOesieHo 3erneHbiM)

AO0A498HCQ2 MALDO - M. domestica |;

—

A0A444X572 ARAHY - A. hypogaea

The same LIME protein sequence was found to occur identical in numerous unrelated plant proteins

Ta e 6enkoBasi nocrnenoBaTefibHOCTb COOTBETCTBYHOLLAS J'IAI7II\/I-y Oblfia HageHa B MHOMOYMUCNEHHbIX PacTUTENbHbIX Dernkax HepPOACTBEHHbLIX MeX cobon

Plant LIMEs in RNA-coding regions PactutensHbie JIAUMbI B 6enok-koanpyowmnx yyacTkax
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Example 1: Plant LIME (green) found in tRNA
[1pumep 1: PactutenbHbin JIAUUM (3eneHbin)
HanaeHHble B TPHK
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Example 2: Plant LIME (green) found
In IncRNA

[pumep 2: PactutensHbii TAVM
(3eneHbin) HangeHHobIn B INCRNA

Example 2: Plant LIME (green) found in U2

and U6 snRNA )
[Mpumep 2: PactutencHoin JIAUUM (3eneHbiin)

HanaeHHble B Y2 n Y6 maPHK
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Future Directions

Determine the evolutionary forces behind the universally conserved protein-coding regions

plant LIMES

OnucaTb 3BOJIIOUNOHHbIE MeXaHN3Mbl CTOodLLME 3a YHNBEPCAJ/IbHO KOHCEPBATUBHbIMUA 6enok-

koanpyowmnmmn JJAUM-amu

Compare the conservation levels in other snRNA units in plant and animal genomes
CpaBHUTb YPOBHW KOHCEPBATMBHOCTM B Apyrnx Ttunax MAPHK B reHomax pacTeHun W

XNBOTHbIX
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