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Sireviruses — What was known

One of three Copia genera

Pseudovirus

Plant-specific and young genus

Putative retroviral properties

Few publications on Sireviruses

Scarce reference on the Sirevirus origin
of some elements

Semotivirus
Difficulty in assigning LTR-RTNs into genera,
research at this classification level is missing

Metavirus |Errantivirus

Havecker et al. 2004 — Genome Biology



The unique genome structure of Sireviruses
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Citrus gA A EA E E g E E g -------------- i!]lg?o-; 3 Lotus2 AATTGTTCATCAAAAATCTTAGTTTTGTCATCATCAAAA iAGGGGGAG: ATTG—36bp— TTTTGATGATTACAAGTTAACCTTTTGATATGAACAATT
Vitis AR A A-vmmmmeemeaas % - r § ;
Meditage CAATTCAACTCCCCCCCCcccceceeT ToRTLS Vitis ;TAACCACAAGGTTTGTCATCATCAAAA AGGGGGAG: ATTG 26bp—-j TTTTGATGATAACAAACCGTGGTTA!
058 CCAPRCACCCCCOMCCCCmmmmmm e Lotus2 Medicago AAATACTATTGTTTGTCATCATCAAAA JAGGGGGAG: ATTG— 37bp—i TTTTGATGATAACAAGGTATTAAAAATT:
HORE CTATTCACCCCCC-------- ---- Chrus TORTL-1 { GTTTGTCATCATCAAAA :AGGGGGAA: A- TG— 10bp— TTTTGATGATTTGACAAAC |
Usier CTATTCACCCCCCCCCCC--- Maximus ! : ; 2 3
Inga CTATT CACCCCCCCCCC--n- Endevir Gitrus { AATGTGCTTTGTCATCATAAAAA (ATGGGGAG: ATTG— 26bp— TTTTGATGATAACAAACCACATGTT!
Sorghum CTATTCACCCCCCC-----mmmmmm "5’23 Tnd-1 {ATCCCGATACAGGTTTGCCATTATCAAAA :AGGGGGAA:ATTG—44bp—i TTTTGATAAATGCCAAACCAACGAGGAT
sier r i E
g;gw , 2 : 0519 0Osr10 ITTGTCATCAATTACCAAAA {AGGGGGAG:ATTG— 24bp— TTTTGGTAATTAATGACAA
0510 CTATT CACCCCCCCnmmmm Medicage HOPIE {GTTGTCATCAATTACCAAAA :AGGGGGAG: ATTG—27bp—i TTTTGGTAATTAATGACAAC |
Tng-1 CPATTCACCCCCCC- - -~~~ g;g;_ 2 Barbara TGATCTATATGTTGTCATCAATTACCAAAA :AGGGGGAG: ATTG—23bp— TTTTGGTAATTCATAACAACATATAGCTCA:
%},’E'; E :A E:E 2 g g E E Ec oot 0PIE-2 Sorghum AGCTCTAATTTGGTTGTCATCAATCACCAAAA (AGGGGGAG: ATTG—25bp—i TTTTGGCGTTGATGACCACCGAATTAGGGAACT :
Maximus CHARBCACCCCCCCCC---- - g’:;; 0 Usier CTATGTATATGTTGTCATCAACTACCAAAA (AGGGGGAG: ATTG— 26bp— TTTTGGTGTTAATGACAACACATACATAG
LOD’ o 2 n : g:‘c\gg g g E E E E TT--- Barbara 0sr9 TCTAATCGTATTGTCATCAATCACCAAAA AGGGGGAG: ATTG—24bp—i TTTTGGTGATTAATTACAATGCGATTAGA
se7 ARARRCACCCCCCCCC--mmmmmm o m ; i A
;”'sh Inga { CGGTATTGTCATCAATCCACCAAAA {AGGGGGAG: ATTG— 26bp— TTTTGGTGATTGATGACAGTACCG '
erghum P 3 3
,,Of,, £ PREM-2 { TTTGTGTTGGCATCAATCACCAAAA JAGGGGGAG: ATTG—35bp— TTTTGGTGGTTGAATTGCCCAACACAAA!
Consensus Tnd-1 OPIE-2 ITTATGTTGTGTTGGCATAAATCACCAAAA :AGGGGGAG: ATTG—34bp— TTTTGGTGATTGAGTGCAAACACAAGTGCTTAAA!
--------- Maximus ACTTAACCTAATTGTCATCAACCACCAAAA iAGGGGGAG: ATTG— 26bp— TTTTGGTGGTTTGAAGACTTATAGGTTAAGT:
Consensus Osr7 TTTTTGCTTGGGATTGTCAATGTTCCCATCA :AGGGGGAG: ATTG—29bp—i TGATGGGAAATTGACAAGTACCGGAAGTGCAAGAA |
SIRE1-1 ITGTCTAAGTATGTTTTAGACAAAATTTGCCAA {AGGGGGAG: ATTG— 31bp— TTGGCTAAAATTTTGTTAAAACATAAGCACTTAGACA!

@ primer binding site 0 multiple PPT signature
0 integrase signal inverted repeat

Bousios et al. 2010 — BMC Genomics



Novel type of repeated motif with modular organization
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Exceptionally high copy number

Dyad symmetry

Core CGG-CCG signature

Form CpG islands

A %
Mﬁiﬁﬁlﬁlﬁl e .. 9

- - a
05210 - -CGGHCT - - -GACCG- - - - 057 GGCATARATIAGCCC
M AGGCT AT AAATAGCCA
0seg -===-CGGRCA- - -GACCG- - - - sprL’Z”m’ TGGGTA AGA ACCCT
Viti e e--CGGYTC----GACCG- - -~ Barbara AGGCHATATATACCCC
Jr:g); --AGEGG AS---TACEGCT-- Mpiz  GGGCHANAAAACCCC
Barbara - -TCGGM-CYC--ACCGA--- oot ‘M
HOPIE ee=-CGGACC---GTCCG---- sIKa-1 CTGCMATATAAACATG
OPIE-2 -CACCGGACT - - -GTCCGGT G- Lier. P A AR AT
12 AT AGT AT AAAT AGAGG
PREM-2 ~CACCGGACT - - -GTCCGGT G- 1omrs  ceacHaBABANACAGE
Usier - -GTCGGAC- - --GTCCGAC- - Osf CGGGTATAAAAAGAGG
Sorghum AGGGCGGCAG- - -TGCCGCCCT o Y A AR “IPENR
0sr9 TTTTCGGA-CWTR-TCCGAAAA o057 AGCCTATAAATAGAGA
Citrus AAT CEGGC-TW- - -RECGGATT Mediago  CCTCRA 2':::2223
nga
Tnd-1 --ACAATC----- GARRGT - - - T8 AAT CTATAAAGGAAT T
ORIE-2 GGGCTATAAAAGGGAC

comsusﬂ*ﬁ *ﬂ'
o - +

[] repeated motif @ TATA box

4
3

Upstream of a conserved promoter in the

typical regulatory locus of LTR-RTNs

Surprisingly, also upstream of the ENV

% CpG island

- = = =l = ,

Bousios et al. 2010 — BMC Genomics
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Sireviruses — What we know now
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% Ancient genus with vastly divergent members

«» Short highly conserved motifs in key non-coding domains that are critical
for the life cycle of LTR-RTNs

% Astonishing conservation — hosts diverged 140-150 mya

**  Only LTR-RTN genus with such an intriguing genome structure



The MASIVE algorithm

genomic
sequence
LTRharvest: 74179 ]

LTRharvest I Vmatch PPT signatures: 43405
LTRharvest/PPT 23777
signature overlap elements
-6093
PPT500
-3727

PBS500
enewise Pfam RT /
g domain
Vmatch S!reV|rus /;
oligomers
PBS20
-234

LTR500

Sirevirus 10619
LTR-RTNs elements

| -2051

Darzentas et al. 2010 - Bioinformatics



Sirevirus infiltration patterns in maize
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Sirevirus phylogenetic diversity in maize

Phylogenetic tree of maize Sireviruses
based on the RT gene

Table 1. Properties of the Sirevirus families identified in the maize genome

N avg age avg length
Family® FL solo frag  FL:solo FL:frag solo:frag
(my) FL LTR
5310
Opie 0" 2028 9826 2.6 0.5 0.2 0.90 9117 1254
+1780°
4865
Ji . 2421 11377 20 0.4 0.2 0.94 9519 1271
+772°
. 175
Jienv N 103 469 1.7 0.4 0.2 0.71 12123 1534
+175
Giepum® 143 180 698 0.8 0.2 0.3 0.76 12666 1469
74
Hopie® N 149 478 0.5 02 0.3 1.03 11696 1675
+31
15
Dijap* ) 38 28 0.4 0.5 1.4 2.0 10783 1525
+6°
Other 37 19 59 1.9 0.6 0.3 1.59 10449 1279
Total 22 0.5 0.2 0.92 1273

10619 4938

22935

9424

Bousios et al. 2011 — The Plant Journal



Temporal activity of Sireviruses in the maize genome

Ji subfamilies Opie subfamilies
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Sireviruses integration biases in the maize genome

s fragmented element
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for a palindromic sequence motif...
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Sirevirus LTRs are methylation and recombination hotspots
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The turbulent life of Sireviruses in the maize genome

% 21% of the genome — 90% of the Copia complement

*»» Intense amplification period the past 600,000 years

*»» Plethora of families with different life and genome characteristics

*»» Colonize gene-rich areas, mediating gene diversification and the formation of
gene islands

+»» Sirevirus LTRs may be the epicenter of interactions with the host control system



iVEdb: the Sirevirus Plant Retrotransposon Database

M AS ! V E d b batch retrieval

enter Sirevirus IDs, one per line OR upload text file, again with one Sirevirus ID per line

the Sirevirus Plant Retrotransposcon Database o

simple query help » batch retrieval help »

select species to query: - . i
Arabidopsis thaliana
Brachypodium distachyon
Fragaria vesca

Glycine max

Lotus japonicus

Oryza sativa indica

Oryza sativa japonica
Sorghum bicolor
Theobroma cocoa

Vitis vinifera .
Zea mays

<all> pence plCuTUIe Of

Copia clements

load example

A Sisend view in results:

view multiple value: »| when species is ' Sorghum bicolor | and  chromosome = =l 1 c AND ~ e (- e, sy
ecton E— —— [ = @ plant species WlEnvelope gene  (startng positon of AT core domain  (Jstarting position of mtiple PPT signature
C T Soighim bicclor -SSR 808 = o2 ot #MASVE ID #age Ollength of RT core domain Ollength of mulple PPT signature
= ¢ # chromosome #full length O padtion oLINT. o = - o
MASIVE ID is Oryza satvaindic; v | and %distancetocent »| < ~| 40 AND ~ W direction @5 LTRlength ) downloads
) chromosome species is | Oryza satia indici » | and [ - remove - Cem CEERED
[ direction - -
% distance to centromere
MASIVE data o date and MASIVE 3 X
0 from MASIVE ID ion species. sireviruses  '['ONE  fulllength | 5'LTR | 3'LTR signatwre RT | INT ENV z1-CCHC
Oto 20110628 | Arabidopsis . & ® | ™ ERIEREREE
[ % distance to 21.06.11 thaliana 1kb kb 1kb 1kb | <lkb kb
centromere 2011-0628 | Brachypodium & ® ® [ ¥ | ® %)
£ Envelope gene % distance to centromere 21,0811 distachyon 2 oo 20 | 20 |2b | kb
Envelope gene 062 | s eeen 3 [z ™ &5 v | E
age . . 21.06.11 o <iko <iko <o
o te submit to MASiVEdb or
al length 20110628 | = 8 ® & = ® ) ]
number of PPTS in signature 21.06.11 S > 770 1574kb | 115kb Sakb 36kb | 22kb
2011-06-28 [ 7] = 52 [ [
Cletarting noeition nf AT Y. 21.06.11 o en 5kb 488Kkb 29kb 15kb. 16kb. kb
|
3 2011-06-28 ® 5] & £ B = &
geguence search 21.08.11 ErECnalrin & 2kb 58kb kb 3kb 2kb | 2kb 1kb
S 2011-06-28 Oryza sativa Gl [ 3 = B |3 |®
. T 21.06.11 Jjaponica kb 19kb. 6kb Skb | 4kb
input
2011-06-28 ] & = B | ® =
provide up to ot 100kb total) - 21.06.11 SEEHILEEE &4 33kb. 1167kb 106kb 30kb | 21kb | 9kb 10kb
e e ue dalcn retrieval | === . - | B |8 |2 Biz(ee
AR R A AR AN GAC ARG AC A GEACTAACCOT IR RRCACCIARACATTIAARGITAGORCCA 21.06.11 ) kb 182kb | 15k 7*b | skb [3kb | 2kb
St poioses 2 &= HH R B
5 21.06.11 VTS 0 kb 65Kk 8Kkb 3kb b | 3kb Kb
-06- & 2 «»
2011-06-28 Zoamays e & -
1 804k> 62k
load example 1 load example 2 load example 3 load example 4
submit to LTRphyler for MASIVEAb o
SRR sequence search downloads
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http://bat.infspire.org/databases/masivedb/



No. of Sireviruses
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Sireviruses dynamics in other angiosperm genomes
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Thank you for your attention...
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THE END!




