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Supplementary Methods
Introner Element (Remnant) Prediction

Starting from handpicked example Introner Elements (IEs), we delineated common motifs
(pattern blocks) and assembled them into class-specific pattern files (IEA-1 example listed
below). We used PatScan (Dsouza, et al. 1997) to scan the Micromonas genomes. For each
class, multiple pattern files were constructed, ranging from strict to degenerate. When
overlapping matches were detected, only the match belonging to the strictest pattern file was
kept. EST and protein alignments were generated using GenomeThreader (Gremme, et al.
2005) (v1.4.6; -minalignmentscore 0.95 —mincoverage 0.89) and the splicing information was
used in the automated curation of the final set of predicted IEs i.e. adjusting IE start and stop

coordinates to match the exon/intron boundaries.
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IE remnants were detected using BLASTN (v2.2.17; -e 1e-05) (Altschul, et al. 1990) using
the previously built set of (complete) IEs. For each class, we also built a multiple sequence
alignment (MSA), constructed a profile HMM (HMMer v2.3.2), and used it to detect
additional instances of degenerated IEs. This HMM approach was also used for members of
the IE-B / IE-D class.

Micromonas Re-annotation

IEs were added as an extra evidence track when performing the annotation (EuGene v3.6
(Schiex, et al. 2001)). EST and protein libraries of all Mamiellophyceae were used, as well as
extensive sets of manually curated gene models. RNA genes were predicted using tRNAscan-
SE (Lowe and Eddy 1997) and Infernal (Griffiths-Jones, et al. 2003). Genes encoding
selenoproteins were manually corrected. When compared to the old annotation, the new
annotation features fewer but larger gene models. This is mainly due to the IEs that help to

span stop codons, allowing adjacent gene models to be merged into one continuous model.



Gene Ontology analysis of IE genes

GO terms for all Micromonas proteins were derived using InterPro2GO (Mulder and
Apweiler 2007), and GO term over/under-representation of genes carrying IEs, using the GO
terms of the entire Micromonas proteome as a background, was analysed using the Cytoscape
plugin BINGO (Maere, et al. 2005) (hypergeometric test + FDR correction; significance level
0.05). This GO analysis was only performed on CCMP1545, as the low number of IEsS in
RCC299 makes the analysis insignificant.

Spliceosomal Components

Spliceosomal components were detected through homology with A. thaliana proteins in the

Splicing Related Gene Database (http://www.plantgdb.org/SRGD) and through the detection

of splicing-related GO labels.
Metagenomic Sequence Analysis

When aligning metagenomic sequences (MSs) to the Micromonas genomes, the presence or
absence of IEs in both the query (the MS) and the genomic sequence can present too big a gap
in the alignment for ‘regular’ alignment programs to cope with. As such, the environmental
sequences were aligned to the genomes using a seed-and-align procedure, initiated by a
regular BLASTN. Starting from the best-hit, we expanded the genomic space with
neighbouring hits. In the end, we used the outer coordinates to extract the corresponding
genomic region, and re-aligned it to the environmental sequence using a SMITH-
WATERMAN alignment (EMBOSS (Rice, et al. 2000): water).

To be able to draw accurate conclusions on IE presence/absence polymorphisms (PAPs), we
performed a quality filtering step. We only continued with alignments that have more than
100 nucleotides labelled as ‘non-IE’, an identity percentage of more than 50%, and a coverage
of more than 60%. After careful consideration, we also decided to leave aside all
metagenomic sequences labelled as ‘JCVT’, as they were assemblies of smaller metagenomic

sequences.


http://www.plantgdb.org/SRGD

RNA secondary structure analysis

For each IE class, a consensus sequence was constructed (EMBOSS (Rice, et al. 2000): cons).
Secondary structures were predicted using RNAfold (Vienna RNA (Hofacker 2003)).
Secondary structures were compared between classes, but no general model could be

obtained.
Protein evidence for IE-D

The protein sequences of genes containing IE-D sequences and their selected orthologs were
aligned using Clustal W (default settings: GONNET weight matrix) (Thompson, et al. 1994).

Visualisation tools

For visualisation purposes, we also employed the following tools: seglogo (Crooks, et al.
2004) and R (v2.13.0) (R Development Core Team 2008).
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Figure S1. Micromonas splice site signals for all intron classes. Shown here are sequence
logos for the donor/aceptor site (10 nucleotides upstream and downwstream) for CCMP1545
(a) and RCC299 (b).
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motif-C motif-B motif-A

Mipucl5i01795 GTGGTGAACGCCGATCCTTAAGGACTTTACTTCC CGTGTCTCTCCAC---CCACCCTTCGCTTTCAATCCCGACACACCTCGATG
Mipuc08i01490 thqcttcaqaC: f GT G ( GCGGTGAACGCCGATCCTTAA JTC CTCACCTC———CCACCCCTC'CTTTCAA“CCCCACACACCTC:ACU
Mipucld4i02170 tgtctctgagGTGCG -CvThVT:AACQCC1ATCCTTAA
Mipuc06i01850 cctcgtcaagGTGCGTTCTA--TCTCACACT € GTGG G Iole
Mipuc07i02675 tccgaatcagGCGCGTTCTA--T---ACACTC ACTT———TTICC,TC TT”CTCTCAfC———CCACCCCTC(CTTTCAA CCC‘ACACACCTC SACG
Mipuclli01825 gatgattcagCGCGCGTTCTA--TCTCACACTG ACTTTCTCTCCCGGCGTCTCTCTCCCCCCATCACCCCTCCGCTTTCAATCCCCACACACCTCGGEGE
Mipucléi00685 cgaaactcagGCGCGTTCTA--TCTCACACT ‘AACJCC;ATCCTTAA G TCTCCGC---CCACACCTCGCTTTCAATCCCGACACGCCTCGACG
Mipuc08i01075 cgtcccgaagGTGCETTCTA--T—--ACAC' 5 "GAACGCCGATCCTTAA 'CTCTCCGC--=-CCACCCCTCGCTTTCAATCCCGACACACCTCCGACE
Mipucl8i02065 ggtggtgaagGCGCGTTCTA--TCTCACACTC :CCTGCETGAACGCCGATCCTTAA CGCATCTCTCCGCCCAGGGTCCCCCGCTTTCAATCCCGACACACCTCGACG
Mlpuc14102585 gcacgtcaagGCGCGTTCTG--TCTCACAC T G .:CGTTGTGAACSCCSTTCCTTAA CGCATCTCTCCGCCCA GCTTTCAATCCCGACGCACCTCGACG
Mipuclli00955 aagaagggagGCGCGTTCTA--TCTCACAC & C 3G ; TGTCTGTCCGCCCAGGGTCCCTCGCTTTCAATCCCGATACACCTCGACG
Mipuc01i03210 ggagttgaagGCGCETTCTA--TCTCACAC! :CGCATCTCTCCGC---CCACCCCT TTTCAATCCCGACACACCTCGACE
Mipucl6i01320 caaggacgagGCGCGTTCTA--TGTCGCACTC C CGCATCTCTCCGC---CCACACCTCGGTTTCAATCCCGACACACCTCGACG
Mipuclei00990 ggcggatcagGCGCGTTTTA--TCTCACACTC TPbTLAAC:CC:ATCCTTAA CGTCTCTCTCCGC---CCACCCCTCCCTTTCAATCCTGACACACCTCG
Mipucl8i02075 cgagccgcagGCGCGTTCTA--TCTCACAC C'ngTGGT SAACGCCGTTTCTTAA GTTTCTCTCCGT---CCACCCCTCG TTTCAAﬁCCCfACACACCTC”‘
Mipuc06102475 cggcaggaagGCGCETTCTCCTTCTCACAC SCGTGGTGAACGCCAATCCTTAT G SCGCATCTCTCCGC---CCACCCCTCGCGTTCAATCCCGACACACCGCCE
Mipuc07i100275 gttcccgecagGCGCETTCTA--TCTTACACTC :CGTGGTGARCGCCGTTCCTTAAGGACCT---TTGCCGTCCTCTCTCTCCGCCCACGGET CCCTC(CTTTCAA CCCGACACACCTCCACG
Mipuc01i00045 ggcgtgegagGTGCGTTATA--TCATACGCTC TTCCCA“ACGACCk r'T(LuC.’ECGGTGAACGCC'STTCCTTE\J& ACTTTTGCCCCCCGCGCATCTCTCCGCCCACCATCCCCCGCTTTCAATCCCGACACACCTCGACA
Mipucl7i01750 cggcgctgagGTCCCTTCTA--TCTCACAC TTCCCATACGACCC TTCGGCCGTGGTCGAACCGCCCGATCCTCAACCACTTTATCTCCCL GCATCTCTCCCCCCACCCCTCGCCGCTTTCAATCCCCACACACCTCGACG
Mipucl6i01760 ggtcctcaagGCGCGTTCTA--TCTCACACTGGTCCCCATACGACCGCGETCGGCGTGGTGCACGCCGATCCTTAAGGACTTTCTCTCC CGTCTCTCTCCGC---CCGCCCCTCGCTTTCGATCCCCGC---CATCGATG
_motif-B motif-A motif-B motif-A 3’ UAUGAU~Gug 5
CCTTTCAACTCCA--TCTGACGCCTTTGAACTCCACCCCEACCA--TCECTCETA-——————————————— ARGcgacgcctca branchpointl
CCTTTCAACTCCA--TCTGACGCCTTTCAACTCCACCCCGACGT--TCGCTCGCATGGAACGCA----CCTCAGLccacgtect
CCTTTCAACTCCA--ACTGACGCCTTTCAACTCCACCCCGACGT ——TCGCTCfTAT:::CAATTA——CCCTAAGccgcgacgat
CCTTTCAACTCCA--CCTGACGCCTTTCAACTCCACCCCGACGT--TCGCTCGCCTCGCCT--=-~-~~ CGTCAAGtccatcgcgt
CCTTTCAACTCCA--ACTCACGCCTTTCAACTCCACCCCCACAT--TCCCTCCTATGCGAAC---GG-CCCTCACaatcccggag
CCTTTCAACTCCCGCTTCTGACCGCCTTTCAACTCCACCCCCEACCGT--TCECCTCEGTETGCACCCTCEA-CCCTCACttcaaggaga

CCTTTCAACTCCA--TCTGACGCCTTTCAACTCCACCCCGACGT--TCGCTCGTACGGACCCTCGA-CCCTCAGagacgaccte
CCTTTCAACTCCA--ACTGACGCCTTTCAACTCCACCCCCTACT--TCAACCTCCCG-——————=——=———— AAGctcgcggcetg
CCTTTCAACTTCA--ACTGACGCCTTTCAACTCCACCCCGACGT--TCGCTCTAAACGCGGTGGTG-~-~--— AAGgcgttcacgc

¢ 3 GACG G G TAGgtggacttct
———————————— CAGgcgtgatctc
ACGAC---CCTGAAGacgggcgact
SAACGA----CCCCCAGgegctegegg
SAACGA----CCCGCAGagccagaagqg
GAACGACCC-TCATCAGttgcgcgaca

CCTTTCAACTCCG--T CThACfCCTTTCAACTCCACCCCaACE-
CCTTTCAACTCCA--CCTGACGCCTTTGAACTCCACCCCCGATATCATCGCTCGTAT
CCTTTCAACTCCA--TCTGACGCCTTTCAACTCCACCCCGCCAT--CGCTTTGTAT
CCTTTCAACTCCA--ACTCACGCCTTTCGAACTCCACCCCCACGT--TCCCTCCTATCGCACATCGCGCTCATCAGCcgagagacte
CCTTTCAACTCCGCTTCTGA CTTTCAACTCCACCCCGACGT--TCGCT ATGGAACGCG----CCTCAGttttggaaga
CCTTTCAACTCCA--TCTGACGCCTTTCAACTCCACCCAAAACC--TGGACCGTCA------—-=—-——————— AAGtcgccggoge
CCTTTCAACTCCGCTTCTGACGCCTTTCAACTCCACCCCGATATCATCGCTCGTACGGAACGACCCGCAA-CAGagcgeccgcecy
CCTTTCAACTCCG--TCTGACGCCTTTGAACTCCGCCCCGACAT--CGCTTCGTTCGGAACGAC---CCTCAAGacgcgcgcge

3’ uAUGAU”Gug 5’ 3’ uAUGAU”Gug 5’
branchpoint2 branchpoint3

Figure S2. Alignment of 20 random IE-A1 sequences. The motifs (motif-A = branchpoint motif; motif-B:
branch-point companion motif; motif-C) are marked, as are the splicing signals (donor site + branch-
point) and their base-pairing information from the corresponding spliceosomal RNAs.
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3’ ccgUCCAUUCAua 5° motif-B motif-A motif-B motif-A

rllCAACACJ

;CCCT---CAGgtgacggcgg
GGCCCT---AAGattcacgaag

TT
TTTCACC-——-CACCGCﬁC 5
:ATC CAT-—-AC——-—CCTTTCAACT SACCG---—-GTG AACT TTTTT’”AT 5 ;CCCTCA-CAGagcaatcgta

tggagatcagGCl TTTTCACC----CATCGCTC

atacctccagﬁ 3 'CGCT SATCGCCGT---CC----CCTTTCAACTGACCCGATGAATGAACATCTTTTCTATC SCACTCACCAGctgctgtacg

tectttctecagGl GCGT---CT----CCTTTCAACTGACCG----GTGAACTATTTTTGTATGGAACGACCCT---CAGacgatgcgtc
GT---CT----CCTTTCAACTGACCG----GTGAACTATTTTTGTATGGAACGACCCT---AAGgaggcgatgg

ccacgctcag_ 5 T ( G TTCATCGCCT---CC———-CCTTTCAACTGACCG-——-ATGAACTATTTTTGTATGGAACGACCCT-——CAGCLEGtggacy

ggcgcettcags TTCTATACAAAAGTTTTTCACC---—-CATCTCCCG! JATCGCTC---CC----CCTTTCAACTGACCG----GTGAACTT TTTTT.TAT( SAACGACCCT---CAGttccagtcgg
CGCGTTCTATACARAAGTTCTTCACC----CATCGCTC CGCTC---CC----CCTTTCAACTGACCG AACGACCCT---CAGaggcagceggce
TTCTATACARACGTTTTTCACC----CATAGCTC GTGGGTC----CCTTTCAACTGACCG ACGACCCT---CAGtcttccgegt

T G-TTTTCACC----CATAGCTCGC
T GTTTTTCACC----CACCG
TTCTATACAAARAGTTTTTCACC----CATCGCCC
'TTCTGTACAARAGTTTTTCACC----CGTCGCCC
TTCTCTACAAARAGTTTTTCACT----CATCGCCC
GTTCTATACAAAAGTTTTTCTCCCGAGCACCGCTC
acgtcgtaagiG GTTCTATACAAAAGTTTTTCACC----CATCGCCC
ttcgacgaagGCGCGTTCTGTACAAAAGTTTTTCACC----CACCGCTC

T---GCGTCTCCTTTCAACTGACCG----ATGAACTATTTTTGTATGGAACGACCCT---CAGgcgttgatcg
T---CC----CCTTTCAACTGACCG 5 g (

TGGGTC----CCTTTCAACTGACCG AGAACTGTTTTTG (
GCGT---CC----CCTTTCAACTGACCG-~-~ AfAACT1TTTTT1 ATGGAA
TTTCAACATTTGATCGCTC---TC----CCTTTCAACTGACCG AA
TTTCAACATTTGATCG CTC——-CC————CCTTTCAACTrACCM ”ATTCAA
TTTCAACA “TnATC Cy

SCCCT---CAGtcgggtcecgat
s;CCCT---CAGggaccgcgcg
;CCCT---CAGggtgacgtac
:CCCT---CAGccaagctgag
+CCCT———AAﬁgctctcgttc

ggggcatcagGCo G GTGTTTCACC----CATCGCTC T——-CC————CCTTTCAACT ACCM ———STCAACATTTTCTSTATGATT —————————— CAGtgtccgactg
ggagattcagGCGCGTTCT ALACAAAC TTTTTCACC----CACCG ( GCGT---CC----CCTTTCAACTGACCG----ATGAACCTTTTTTT--GGGAACGCCTCT---CAGaggacgtcgce
37 uAUGAéAéug 57 3’ UAUGAUAGug 5
branchpointl branchpoint2

Figure S3. Alignment of 20 random IE-A2 sequences. The motifs (motif-A = branchpoint motif; motif-B:
branch-point companion motif; motif-C) are marked, as are the splicing signals (donor site + branch-
point) and their base-pairing information from the corresponding spliceosomal RNAs.
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_______ motif-C motif-B
ggcggcggagst TGAUACTaCT“CCCA ————— TACGACCCCGTTCGCGTGGTGCACGCCGTTCC----TTAAGGACT--TTTCCCGTCGTCACTCT---TCACCCGCGCTTCCCTTTCAAC--—-—————~—
ggcggcggcgCTGACGACTGCTTCCCA-—-——— TACGACCCCGTTCGCCGTG G GTT ACT--TTTCCCGTCGTCACTCT---TCACCC CCTTCCCTTTCAAC
ggcgacggcgGTGAGACTGCTTCCCA--——- TACGACCCCGETTCGCETC ACT--TTTCCCGTCGTCACTCT---TCACCC GCTTCCCTTTCAACGT
€gacgacgcgCTGAGACTGCTTCCCA-———— TACGACCCCGTTCGCGTC ACT——TTTCCC'TCFTCACTCT———TCACCC 3

gctcgecggagGTGAGACTG CT”CCCATACAGTACJACCCCFTTC SCGTC
cgtcgtgacgGTGAGACTGCTTCCCA G

gtcgtcgeccgCTCGAGACTGCTTCCCE-—-——— TACTACCCC” TCJC

gatggaggagGTGAGACTGCTTCCCA----- TACGACCGCGTTCGC GCCGTTCC----TTGAGG G SCTTCCCTTTCAAC
gcagcggccgGTGAGACTGCTTCCCA--—--~ TACGACCCCGTTCGCGTGGTGCACGCCGTTCC--=-=-TTAAGGACT--TTTCCCGTCGTCACTCT---TCACCCGCGCTTCTCTTTCAAC
gcggacggcgGTCAGACTGCTTCCCA--—-—- TACGACCCCGTTCGCGTGGTGCACGCCGTTCC----TTAAGGACT--TTTCCCGTCGTCACTTT---TCACCC

TCC-=---TTAAGGACT--TTTCCCGTCGTCACTCT---TCACCC

acgagcaaagGTGAGACTG TACGACCCCGTTCGCGTGGTGCACGCCC

gctggtcgagGTGAGACTGCTTCCCA- -~~~ TACGACCCCGTTCGCGT( CACGCCGATCC----TTAAGGACT--TTTCCCGTCGTCACTCT---TCACCC
JaaaacggcgGTGAGACTGCTTCCCA-———— TACGACCCCGTTGGCGTC CACGCCGATCC----TTAAGGACT--TTTCCCGTCGTCACTCT---TCACCC
tcgegacgegGTGAGACTGCTTCCCA-———— TACGACCCCGTTCGCGTGGTGARCGCCGATCC----TTAAGGACT-~TTCCCCGTCGTCACTCT—-~TCACCC
cgccgacgagGTGAGACTGCTCCCCG-———~ TACCACCCCGTTCGCG CACGCCGTTCC----TTGAGGACT--TTTCCCGTCGTCACTCT---TCACCC
tccgegegegGTGAGACTGCTTCCCA-———~ TACGACCCCGTTCGCGTGGTGCACGCCGTTCC-~-~TTAAGGACT--TTTCCCETCTTCACTCT—~-TCACCC
cgacagcgagGTGAGACCGCTTCCCA-———— TACGACCCCGTTCGCGTGGTGCACGCCGTTCC----TTGAGGACT-~TTTCCCGTCGTCACTCT -~ ~TCACCC
gaacgcggggGTGAGACTGCCTCCCA-———— TACGACCCCGTTCGCGTGGTGAACGCCGATCC---~-TTAAGGACT--TTTGCCGTCGTCACTCT---TCGCEC
JgcgccgqagGTGAGACTGCTTCCCA- ———— TACGACCCCGTTCGCGTGGTGCACGTCGTTCC -~~~ TTAAGGACTCTTTTCCCGTCGACACTCT -~ TCACCCG
JgcggcgacgGTGAGACTGCTCCCCA-———— TACGACCCCGTTCGCGTGGTGCACGTCGTTCC- -~ -TTAAGE STCG

motif-A

GTAAGACCTTCGCACTGACCGATCGCTTCACCCAC---GCAGtcgttcgagy
GTAAGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGgcggecgcgac
GTAAGACGTTTGACTGACCGATCGCTTCACCCAC---GCAGtattcggcygyg
GTARGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGatgctcgegg
GTAAGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGgecggecgcata
GTGACACGTTCGACTGACCGATCGCTTCACCCAC---GCAGgcgatgacgt
GTAAGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGgcgeccggcga
GTAAGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGgcgaggcgeg
GTARCATGTTCGACTGACCGATCGCTTCACCCAC---GCAGgggtcgtccea
GTAAGACGTTCGACTGACCGATCGATTCACCCAC---GCAGgCcggcggact
GTAARGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGggctcacctt
GTAARGACCTTCGACTGACCGATCGCTTCACCCAC---GCAGgcggcgggag
GTAAGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGcgcacgccga
GTAARCACGTTCGACTGACCGATCGCTTCACCCAC---GCAGgtcgecgegge
GTAAGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGgcggcgegeg
GTAAGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGgtcgeccecgece
GTARCACCTTCGACTGACCGATCGCTTCACCCACGCTGCAGgacgactceg
GTAAGACGTTCGACTGACCGATCGCTTCACCCAC---GCAGggacgttcgg
GTACGACGTTCGACTGACCGATCCCTTCACCCGC---GCAGgcgacgtgeg
GTAAGACGTTCGACTGACCGATCGCTTCACCC----—-- AAGcaggcggcgg

Q

3’ uAUGAU”Gug 5’
branchpoint2

Figure S4. Alignment of 20 random IE-A3 sequences. The motifs (motif-A = branchpoint motif; motif-B:
branch-point companion motif; motif-C) are marked, as are the splicing signals (donor site + branch-
point) and their base-pairing information from the corresponding spliceosomal RNAs..
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motif-C
gagggggachT A SACAG--—-—-—---—-—————————————- - i'.I—AT‘T‘CCCfiTTCGCCTCTC('.]ATCCTCGTTT‘CTTAAC‘TAT'J TTCTATCG---CGCGCT-—-——— ATGAACCTCA
AGACCG—————————————————————————— cc GTACGACTCCGTTCGCGCG G C CT----- GTGAACCTCA
AGACTGGRAGATGAGATCACAGACTGCGACTGCTCCCC--——— GTACGACCACGTTCGC T ————— AT SAACCTCA
GATGAGATCACAGACTGCTCCCC-—--- ATACGACCCCGTTCGC TGTTGATC C(;TT”‘CTTAAG ————— TGAACCTCA
G-—————————————- ACTGTGGACTGCTTCCCATACAGTACGCTCCCGTTCGC JTC(ATC(TC STTTCTTAG ,CTATGTCATCAACCTCA

ACGAACTTCA
CTATGTTAT&AACCTCA
TATGTTAT_AACCTCT

TC:TT”CTTAAK\
CGTTTCTTAAG

TTTCCTTTCQCGCCF AACCTCA
- G 5G 50 g - - - I I ATTCfATTC]—--C 5 GTGAACCTCA
GTGCGACCTGGTCGGCGCG 5 GTCGTTT GGA-—====——— GTCAACCTCA

e e ACTGCTTCCC-———- ATACGACCCCGTTCGC GTGAACCTCA

********************* rACTaCTTCCC*****ATAC(CTCCC1TTCGC CAACCTCA

5 - JTLAACCTCA

GTCRACCTCA

GTGAACCTCA

C GTGRACCTCA

cqacchtqgu 3 T GTGAACCTCA

tcatctacagG - ZC(CFACCCC iCGCGCGCGTCGCCCGTCGTTTCTTAAGGACTTC- ( GCG --ATCAACATCG

tcatctacagGCGCGTTGA GCGCGACCCCGCGCGCGCGTCGCCCGTCGTTTCTTAAGGACTTC-——-————~ --CGCGGT----- ATCAACCTCG

motif-A motif-A
-=-==CGTTTTGACG GTPP(AAC C”ATCCACCAATCACATFCAC CFClACTJACACGT GTCTTCCCTCGGCCTATC-—==== == == ——— e ————m————— ACAGcagccggcgg
-———-CTTTTTGACACGTGGG G G GTTTTCCCTCGACCTATC-==-—====—————————————————— —— ACAGctcgcgagac
————CuTTTT'ACACu”GG GCTCTTCCCTCGGCCAATGAATGATATC-————————————————— GCAGgcggcggcgg
CGTTCGTTTTGACACG TTCTTCCCTCGGCCAATGA-—————————————————————————— TAAGgcccgcgttc
----CGTTTTGACGCGTGG GTCTTCCCTCGGCCAATCACC-——————————————————————— GCAGccggcggcga
—----CGTTCTGACACGTGG CTCTTCCCTCGACCTATC-========————————————————— GCAGgcggcggccg
5 G GTCTTCCCTCGACCTATC——————————————————————————— ACAGctggcecggcegce
5 G GT-——-- ACGCGTCTTCTCTCGACCAATCGTC————=—=——————=———————————— GCAGgcgttgcgcg
AATGAT AlCCACCAALCACACLCAC;CquAC CACGTGTCACGCGCGTCTTCCCTCGATCGATCGCC-—-—-——=————=———————————- CAGccgagcgegt
: GACGATATCCACCAATAACTTGCACGCTCGACTGACACGT——=—===——~ GTCTTCCCTCGACCAATC === mmm = m m e e GCAGatggagacdg
---=-CGTTTTGACACGTGGTAACGGTACTCACCAATCACACGCACGCGCCACTGACACGT--GTTTGTCTTCTTCCCTCGACCTATCGTCGACCTCCGCG ACAGgttttacgce
CGTTTGTTTTGACACGTGGTARAGATATCCACCAATCACGTGCGCGCGTGACTGACGCGT-=======— GTCTTCTCTCGACCAATCATAAC-=======————————————— — GCAGgcggecgtcge
----CGTTTCGACAC AACCATATCCACCAATCACACACACTCTTCACTGACGCGC GCGATTCCCTCGACCCATCAAAC-—————————————————————— CAGgcggcggcegg
----CGTTTTAACACG' AATATTATCCACCAATGATATGATCGCGCG ( 5T GTCTTCCCTCGACCGCTC-——=——————————————————————— CAGcgaccgaggg
-—-—-CGTTTTGACACG GACACTATCCACCAATACCTCACACTCG GTCCTCCCTCGACCAATC——=——————————————————————— — GCAGtccaacacgt
--——CGTTTTGACACGTGGTAAT GATATTAACCAATCCCGTACACGEGCGACTGACACGT -~ ——————— CTCTTCCCTCGACCAATCAAAACGCACT——--—-———————————— GCAGcccecgacggce
—===CGTTTTGACACGTTGGATATTTATCCACCAATCGCATACCCGCATACCTGACGCGT-======~—~— GTCGTCCCTCGACCTATCGTCGCGTCGTC-=========—=————~— GCAGactacgagcc
----CGTTTTGACACCGTGTACATTTCATCCACCAATCGCACGTCCGCGCCGACTGACTGACG-CGTACGCGTCTCCCCTCCAACCAATCCGAATCGAATCGAATCGC - ————————=( GCAGgaacacctca
----CGTTTTGACACGTG-CAACGTGACCCGCCAATCAARAAATACGCATCGCTGACGCGC----~ GTTCGTTCGCCCCCGACCGATCGAA-TCGAATCGAATCGAATCGAATCCAACAGegecegteggce
CGGTTGTTTTGAAACGTG-CAACGTGACCCGCCAATCAAARATACGCATCGCTGACGCGC-———~ GTTCGTTCGCCCCCGACCGATCGAA-TCGAATCCAATCCAATCGAATCCAACAGegeccgtecggce
3’ uAUGAU”Gug 5’ 3’ uAUGAU*Gug 5"
branchpointl branchpoint?2

Figure S5. Alignment of 20 random IE-A4 sequences. The motifs (motif-A = branchpoint motif; motif-B:
branch-point companion motif; motif-C) are marked, as are the splicing signals (donor site + branch-
point) and their base-pairing information from the corresponding spliceosomal RNAs.
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3’ ccgUCCAUUCAua 5’ Ul snRNA
ttcgatgctgGTAGG
tcagggtgtgCTAG
cgagggtctgGTA
tgaggctgtgGTAG
tgaggctatgGTAGC
tggcgtggtgGTAA
gecggecgagtgGTAA
cgccaacatgGTA
tgcatctgtgGTC
gttcggggtgGTAG
cccacccgtgGTAG
ggacgtcatgGTAA
cgcgegegtgGTAG
cgatcacccgCGTA
tcgecggggtgGTA
tecgececgegtgGTA
tgccggagtgCTA
cgacgcagtgGTA
acctcgegtgGTA
agggcgcgtgGTAG
tcgecegggtgGTAAGE TCCTCTCCCTTC
cgaacacgtgGTAGGE TCCCCTCACTTT
cggctgcaagGl-—--———-—-——=—=————-——— CCCTCCCTTC
cctacgecatgGTAGGGA-——————————— TCCCCTCACTTT
ttcaggtgtgGCEGta TCCACTCCCTTC

STTTTTCTTTCCTCTCCCCTCCCTTT
TTTTTCTTTCCTCTCCCCTCCCTTT
STTTTTCTTTGCTCTCCCCTCCCTTT

TCCCCTCCCTTC
TCCCCTCCCTTC
TCCCCTCCCTTC
TCCCCTCACTTT
TTCCCTCATCTC
TCCCCTCACTTT
TCCCCTCACTTC
TCCCCTCACTTT
TCCCCTCACTTT
TCCCCTCACTTT
TCCCCTCACTTT

=

O O

GTGACTCTAAC-—AA
GTGACTCTAAC--AAGTI
GTGACTCTAAC--CGGTGgtatctgteg

U ENRP IR RO PR R P WM s
BOWNINWVWWOoOO-J-I-NIUIWOoOWNRFNNORPWEO
ANOVEDOUOWOWOOOoON UBWwwWwWwwo Uw

W

GTGACTCTAAC--CTGTGggacgcgcac
CTGACTCTAAC--CTCTGggacgtccga

GTGACTCTAAC--CTCTGgaacgtgacyg
GTGACTCTAAC--CTTTGggacgtcgtc

CTGTCTCTACC--TCATGggatgtgecgt
GTGACTCTAAC--AAGTGgaaagtcgtg
GCCGTCTCTAAC--GAACGgcggcggcayg
GTCACTCTAAC--ARATCgacctccteg
GTGACTCTAAC--GTCTGggacgacctc
CTGACTCTAAC--TCCTCGgacgtteget
GTCACTCTAAC--AACTCgaaaggcggc
CTGTCTCTATCCTCACAGgtgcggeccg
GTCACTCTAAC--AACTCgccgacgagc

"TCTCTCTACC--TTCCCgaggacgcgg
-ACTCTAAC--AAGTGggegcactte
STGACTCTAAC--AAGTGgaaatacgaa
"TCACTCTAAC--AACTCggtagagtgg
-TGgggggccccg
“ggcgatgtac

GTCTCTCTA-————— TCGgctgggecget
CTGACTCTAAC--ACCTGggectctegte
GTGACTCTAA-——-—--- CAGgtgtcgatgce
GTGACTCTAAC--GCATGgtcggcgggt
GCETTTC——————I sCGTGgecggtecgeayg

Figure S6. Alignment of all 25 IE-B sequences showing the splice site regions in detail. The structure and

orientation of exonic regions (grey) and Intron-Encoded Proteins (purple) is represented schematically

beneath the alignment. Base-pairing information regarding the donor site (U1 snRNA) is also provided.



Mipuc02i00175
Mipuc02i102895
Mipuc02i02703
Mipuc05101652
Mipuclei02340

100767

Mipuclé

tegtgttttgGCA-GGGLC-—-—- TGTCTGATTCTCCCGCCC TG TT T TG = — = — = = == == = — e e e e e —
aagaattttgGTATCCATCTTCTCTTGAATCTCTCCCTACCTGTATCTCCCCTTCTTCCCTCTGCTTGTGTCATCETTCGTCTCCACGACGACAATGACGCGACATTTTC
tcdggtactgGT-GGEGCC-———— TATCTGGTTCTCCCGCCTETTTCCCCTCTTTCATCCCCTGTGTATTCGTTCGTTCCATTACAATACAGTACCAGTCAGTCTGTTCC
cteggaactgGTTGEEECC———— TATCTAGTTCTCCCGCCTGTTTCCCCTCTTTCATCCCCTGTGTATTCGTTCGTTCCAT TACAATACAGTACCAGTCAGTCTGTTCC
cgcégtattgCT-GEEGEC—-——— TATCTAGTTCTCCCGCCTETTTCCCCTCTTTCATCCCCTETGTATTCETTCGTTCCATTACARTACAGTAR - ——— oo 2222
cgtggaactgGTCTGGGCCTACTGTATCTAGTTCTCCCGCCTGT TTCCCCTCT TTCATCCCC TG T GAAC G- mmm e e e e e  —m—m———m

D e e

GTCGGACGATATCGCCGACGCTCTCGCCGGTGTGTCCTCTGTTGTTCTTCTACAGCTCTCTTTTCTCTCTCAATCTCGGCGCCTGCTCGGCCTTCGCGTGCGE
GTCGGACGATATCGCCACGTTECTCGCCETGTCTCCTCGCGTTGTTCTTCTACAGCTCTCTTTTCTCTCTCAATCTGGCGCCTGCTCGGCCTTCGCTGCGAT

CTTCGCCTTCCGCGTTCCAC-—————————————————————————— CATCCACCGATCCGGCGCGGCCTTGCACCCAATCCACCGGGGGGCTCTTCATCGCG
CAAGCACACCAGCTCGGACACGAGCTCATCGATCGCGTGCGCGTCGGCACCGATCETCGECGCEECCCTGCACCCAATCCACCGGGEGGCTCTTCATCGCG

ATCGAGTTTGCGGCGAACGCTCGGGCTCATCGTCCGAGGTCCTCGCAGCTTCGARACCCTTCGGGCATGCCTGE-—— === == —— = —— ——— — e — - — e — ——— —— —— —— — —
ATGAGTTTGGCAACGCTCCGGCCTCATCTCCAGCTCCTCCACCTTARAAACCCTTCGCTCATCCCTCCAGCCACGCGGTTATGAGCCTTGGCTTCCACGCGCT

—————————————————————————————————————————————————————————————————————— CTCCGTTTCTCCGTCGGTTTCTTCAAATGT
—————————————————————————————————————————————————————————————————————— AGCCACTCTTCCGTCGGTTTCTTCACATAT
-508 nt-TCTGACGCTCCCCTCTTTTTCCCTTGGGARATTTTCARTCGATCGTCGCCGCCTTTCCCCTGTCCCTCTECTTCCGTCGGTTTCTTCACATAT

—————————————————————————————————— GTCATCCATGCCACAAACG-TATATTTGTCGATGACTCACCTGECTTTGATGAACGCACGCEIGAR
TGAATGACACA-————————————= GTCCTTCTCACTATGCATGACACACACATTCTATCTATCCATGACTCACCTCACTTTGATAAATGCACGC
CGAATGACACAGACGCTCTGACACGGACGTTCTCGTCATCCATGACACARACG-TATATTTGTCGATGACTCACCTGGCTTTGATGAATGCACGT
CGAATGACACAGACGCTCTGACACGGACCTTCTCCGTCATCCATGACACARACG-TATATTTGTCGATCGACTCACCTGGCTTTGATGAATGCACGT —————
———————————————————————————————————————————————————————————— TGTCGATGACTCACCTGGCTTGGATGAATGCACGT—————
—————————————————————————————————————————————————————— TGTATTTGTCGATGACTCACCTGGCTTTGATGAATGCACGT ————=

AT e At e G CC T ARG T IO ATCC O TEACCAST I I OTCTCEEEA T CCGACCT TACGGCCAGggaccgeeye
—————————————————————————————————————————————————————————————— ACGCCACCTGTCGCTTTCgegeategte
—————————————————————————————————————————————————————————————— ATGCGACCTTACGTACTGgtggtacatyg
—————————————————————————————————————————————————————————————— ATGCCACCTTACGAACTGgeagtegege
—————————————————————————————————————————————————————————————— ATGCCACCTTACCTATTCgatggegecy
—————————————————————————————————————————————————————————————— ATGCGACCTTACGTACTGgaagtacgge

Figure S7. Alignment of all six IE-D sequences showing the splice site regions in detail. The IE-A
remnant inside the chimeric Mipuc02i00175 has been highlighted in blue.
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Figure S8. Protein evidence supporting IE-D introner elements (in lack of any EST evidence). Canonical introns (light blue), IE-A (green), IE-D
(dark blue), and chimeric IEs (red) have been highlighted accordingly. Intron phases are indicated on top of the intron positions. Gene IDs
correspond to the following organisms: Ostreococcus lucimarinus (OI*), Ostreococcus sp. RCC809 (Od*), Ostreococcus tauri (Ot*), M. pusilla
CCMP1545 (Mipuc*), M.sp. RCC299 (Mipur*), Bathycoccus prasinos (Bathy*), Physcomitrella patens (*PHYPHA), Arabidopsis thaliana
(*ARATH) and Dictyostelium discoideum (*DICDI). a) Alignment of WD89 proteins. b) Alignment of Jumonji-1 proteins (Jmj-N and Jmj-C
Jumongi domains are highlighted in grey, while the Zn-finger domain has been highlighted in yellow), c) Alignment of sepA-like
Serine/Threonine protein kinase, d) Alignment of U5 snRNP helicase, e) Alignment of UAAL1 proteins (UDP-N-acetylglucosamine; UMP

antiporters).
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0103g00040 M--TRTRDDDDAHDDDDRRGARALVDDSGAPNVFENDDYVEPTPESDEALTFTVRGG-—————————-— RASTTAMSLRATSMTSTAVDKDAPYNTHIASN
0d03g03130 M-——-SRDD-————————————— LVDDSGAPNAFENDGYDEPGPESDEALTHALPAAGT - ——————— TASDVDAVALVARSHASTSVKGDAPYNVHVATN
0t03g00170 M-RDATVEDD-——-——-———=—=— FVDRSGAPSAFENDGYDEPDATNDEALTFQCARG--——--—-——-—= GGDGSAALVARATRTTAREGDAPYNTHLSVS
Mipuc02g00100  M--—---- PS———————m—— oo RLAPACTTVAAFG---PSHDPCYVMALAPRSVRARLVRVPPHVPPTLRSARVDRSLAPTRLLPPPPSPLPRRS
Mipur03g06080  MYRPASNPSP—--—-—-—-—-—-— CH-HLAPVSTTVAAFG---PQNDPCYVMATASR--—=--—-——-—- YV--AR---AHPTPSPAAPLSLPPS-—--—-

* K . * . . *
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0103900040 HDGTSCAVATTSGRVRVYARERATGAFAHG-——————-———-—-— ERETRLNASVNECEFGSAADPFSTVCACGDGTTRVYDARSQ-DDRPTASFRAPFN
0d03g03130 HDGGVVAVVTTSGRAVVYERRGTDGGLETET ——————————=—=— ARDVEVGCVVNECEFGPREDPYSLVCACGDGTVRVYDARCG-DSRAVASFRAPAG
0t03g00170 ADGAMCAVTTTSGRVRI IARDGGSGALGDDAR-————-—=———=— EFVPGHGCAVNECEFGSASDPHATVLACGDGTVRVYDVRTK-DDRATAVFRAPYG
Mipuc02g00100  PDGAHLAASLSTNAVKIYARGDAPSGGDFGGGGGGGGHLGEERAVTELSAHDGAVTDCAFPIPSEPWTVLTSSADATIRAWDLRQG-GERPCASYVAPFA
Mipur03g06080  SDGKYLATSLSTQAVKVYQR-—--—=--- TED--G--—-—- GIAALVELTGHGAAVTDVTIPLPHEPCTVCSSSLDGTVRLWDCRAAEGQREVMKFVAGFA

* K * . . . * * . . .k . . . * * * .k * * . *
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M-—--——=——- SSIVVR-—-—--—-- PRLTTFLRASRAS---S-—-—-——-——- VDDIVDVEAERARRTRGFEGVTRGGGERER----EGPSARLAS-—-—-—-—-—-—--- Y
MAPLSTSSSSSSSSSSSSRRPPPRLTTEFLRARCGGKSGDGSDDSIDRYWYVSDVDEAFVARAKQIGSATTKTSSPSLSFROTAKKATKNRDLALLKLSDV
M-————-- ANLGGGAEAH----- ARFKQYEYRANSS———=———=—————-— LVLTTDNRPRDTHEPTGEPETLWGKIDPRS----FGDRVAKGRP-———-—-— QEL
M-————- AHLGGGAEAH----- ARFKQYEYRANSS———=———=—————-— LVLTTDTRPRDTHEPTGEPESLYGRIDPRS----FGDRVYHGRA-—-—-—-—- NDL
110 120 130 140 150 160 170 180 190 200

\ \ \ \ \ \ | | | |
PSPSSPSSPSPSSSRDPPKDARDALDAFLPVVVKVT--GGDTLLPDQLADASLVAFDAIAGLCEESTIAAAERWDEETTYGRDP--DLAKKKAAAE --—--E
ICPASPDSP-——————— PREVRAALERFLRAVVRVT--GGDTLLPDALADASLLAFRTVASLARDANAAAARWAEEERYGRDA--DLAKRRGQAE----R
VLRCEDGRE-=-=-—-—---- AKDVVKTCRAFVSVVVRML--GSDTMTETESGDAAASAWDAASGEFVEVIANERRAVESERGYVAD--HETARKIFEVR----E
VEGNDGSDR-——-—-—-——-— DKEVASACRAFMSAVLRAL--GGDTMTEDALGDAVVAAWEVLRDNVETLGRERRDLEERQPYVDDAVFETERKLFEVR----E
ALKTSSSSLED--—--- FDEETRLALDLVADASIQLLRLENDLISPDELLEAPADLYAAVATNCDVDWKLEADLEDVVEYSNAP--ELERKKVQGKRRGNE
EDKLKKSKKK-—-—-—-——-—-- ERDVVDDMVNIRQSKR-———- RRLREESVLTDTDDAVYQPKTKETRAAYEAMLGLIQKQLGGQPP----SIVSGAAD-—-—-—--
EEKLTKHRRKR----EVKEKEKGSNAEGLKKARKRL---RGMQEESVLSIVDDGMYRPKTKETRAAYEALLSTIQQQFGDQPQ----DILRGAAD--—-—--
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210 220 230 240 250 260 270 280 290 300

\ \ \ | | | | | | |
RERARRMKTALAKALGPVDE--KHVPDLIDVAKRLVHIQKKRKGTSDDRDVDASAAEFGAAAVPARREFGADVVENAP-RSRAVGSRASTSASTLIPRPA

RDFMRRKRAALVAELGPVSD--QHLDEFDAAVNELIALQDAHGGGPGGDGANDGDGDD-G————-— YEFGSDIPFAAPGRGRAPASSSSR-TSS——--—-—-
REVRKDMMEALRGALGPVEANAPTVREFESLVEDLLRMRGE-FDEFHTLOSTLDAEPTTSG-—-—--- RIFGONIKFKRA--GDAQPSDRIR--——————--
RELRRDFGEKLRGALGPIEASAATLRELEQHVETLLKFRAERITDLDDYMIASSAAPSTSG-—-—--- RSFGHNIKLKCR--GDVQPSDRVR-—-=———-——-—
REAFGEVKARLGGVLSETGEAAQRWKDEWQSANALRRVGSTSSTGGDLNGTSMGVGGKKE-—-——-— TYYGEDMFFVPPREFYGANDFDSSN---=———-—-——
-EILAVLKNDAFRNPEKKME IEKLLNKIENHEFDQLVSIGKLITDFQEGGDSGGGRANDD———-—-—— EGLDDDLGVAVEFEENEEDDEESD-—-——-——--——-—
-EVLGVLKNDRFRDLDKKKE IEKLLNSMSNERFAQLVAIGKLISDYSEGGDAGAEGAG-———--—-—-— EALDDDIGVAVEFEEEEEEDESDY--—-—-—---—-—-—

310 320 330 340 350 360 370 380 390 400

\ \ \ \ \ \ \ \ \
PAASASAAASASAAAKLAATMKAGLRAAGEAEAEKRRGENAGTSP-LDASASRATSFGPLPPAEQSANEQLRWLNEKCVEHVGG---V-AGAGWEDVAQG

-—-—-SAQAPASTSSAARMAEQMRAGLLAATVSDADGKKSELYGAS---DANSASEGEFS-IPAAEASATAQLAWLKERCVAISG--—-—-——— ANGWEETAQQ
——————————————— DLKRAMKTNLSEASEAERLRIESERMAHPDE------RMSGFGEPEHVESDATTQLTWLKROQCEGEFVANSAHA-LDQTWEAVAGT
——————————————— DLKRAMKANLDELDEVARARIKSEKISHPN---------ELFGEPQREESDVTTQLTWLKRQCENFVANGAHA-LDQSWEAVASA
-—-QHCDQISSGLESTILSNMTRGLDSANAFASLELERSRTPSFHELDALG---TESEVSTSLQAGSGSILSWLREQCEIFRENNONSDAFAGWTDICGN
—————————————— PDMVEEDDDEEDD-EPTRTGGMQVDAGINDE-—-—------DAGDANEGTNLNVQDIDAYWLORKISQAYEQ-------QIDPQQCQV
—————————————— DEVQEESDGEEGDGQDTRQASAMOMGGQDDE-——------DMEEADEG--LNVQDIDAYWLORKISQAHG--------DIDPQQSQOK

410 420 430 440 450 460 470 480 490 500

| | | | | | | | |
VARATLSDASR-SDDDVAAELFDLLGDGGVELIMGAIERRVAMCAALRKRITTLRETLGGGKDDDGEDRDRAAAGGPGRTVTISSTTDKQIEKLRRKEER
LARALLAAETR-SDDEVAAELFDLLGDGGVETIAGAIERRAAINAALRRRIGTLRETLGG-AGGDGDGGGGARKDAPMAQVTIQSTSDIKMEKLRRKEER

VGRAIMNASS--SDDECAAELYEYLGDYGFELIAGVVERRTVLTSAIKNRAQLLRDALNAQSGADRA-—-—-—-—- GPSITRVVTITSTLDKQLEKARRKEER
VGRSIMNSTI--SDDACAAELYEYLGDYGFELIAGVVERRTELASAIKKRAQMLRETLSAQSGVD-=-—-—--—-—— GPSVARVVTINSTLDKQLEKMRRKEER
ICRVCLNTSS--SDDQVASELFDLLGDGGFDLVASVCERRGQLADATRRRLOALKEAFDPEESAQDD-—-—-—— YAKSKSAVSVRSTTDVAMEKIRKKEER

LAEELLKILAEGDDRVVEDKLLMHLQYEKEFSLVKFLLRNRLKVVWCTRLARAEDQEERNRIEEEMRGL--GPELTAIVEQLHATRATAKEREENLOKSIN
LAEDVLSKLAEGDDREVENRLVILLDYDKEDLIKLLLRNRLKVVWCTRLARAEDEDARKKIEEEMSNG--GPVLAGILEQLHATRATAKERQKNLERSIR

510 520 530 540 550 560 570 580 590 600

| | | | | | 2 | | | |
KVGRRIAQGQOGEPLLEWLAA-SGVGFGVLCEGDWEAAAASGGGR-GEDDVFAGLR--VGGGSGGRKALPAGTTRKVH-KGYEEVAVPAAKVAPVGDAERE
KVGRRIAQGQOGEPLLEWLAN-SGVGFAALCEGDWEAAANQPS---TEDDIWAGLYGLGGGGGGGKKALPAGTTRKVH-KGYEEVHVPAGERAPVGEHERFE
KANRKLASGSGASIMEWLQA-VGVGFDALCEGDWENQQAPSSSS-NPDDILAGLRGLGRGMDGGRKALPPGTTRIVHPEGYEEISVPAREPDPVAAGERS
KANRKLASG--ENVMEWLQA-VGVGFDALCEGDWENQQTPSSSS--PDDILASLRGLGSGLGGGRKALPPGTTRMVHEQGYEEISVPARDPGAIGEGERS
RNKRRAAGGHGEYLLEWFTNDSGLGYGAFCDDLLPLPNRNEAAPGSVDDILNSLRGLGLGTDGGKKALPPGTTRKVL-EGYEEIYVPARIPDAVADGELQ
EEARRLKDETGGDGGRGRR-=———-——— DVADRDSESGWVKGQROMLDLESLAFDQG-GLLMANKKCDLPPGSYRSHG-KGYDEVHVPWVS-KKVDRNEKL
EEAKKLRDDGGEAADRGRRK---D--REVGVGGGESGWLKGQROLLDLEQLTFHQG-GLLMANKRCELPPLSYRTPK-KGYEEVHVPHLKPKPFAEGEEL
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610 620 630 640 650 660 670 680 690 700

| | | | | | | | | |
VAIEELDDWAQLAFAGMTSLNRIQSKIYPAAFRSNENLLVCAPTGAGKTNIAMLTVLHEIGAHFDDDGEWNGD--DFKIVYVAPMKALAAEVTNAFSRRL
VPIEELDDWAQPAFAGMKSLNRIQSRIYEAAYHSNENLLVCAPTGAGKTNIAMMTVLHEIGQHIEYGELAYGA--DFKIVYVAPMKALAAEVTGAFSRRL
VAIEELDEWAQPAFQGIRMLNRIQSKIFPQAYHTNENLLVCAPTGAGKTNIAMLTVLHEIGLHIDENGDYLPE--DFKIVYVAPMKALAAEVTDAFSRRL
VAIEELDEWAQPAFKGIKLLNRIQSRIFPTAYHTNENLLVCAPTGAGKTNIAMLSILHEIGLHIDENGDYLPE--DFKIVYVAPMKALAAEVTETEFGRRL
VSVSYLPAWAQTAFKGIQTEFNRIQSKIFECAYTSNENVLVCAPTGAGKTNIAMLCAMOE IAKHFDEENNCLHEHDDFKIVYVAPMKALAAEVTRTEFQKRL
VKITEMPDWAQPAFKGMQQLNRVOSKVYDTALFKAENILLCAPTGAGKTNVAMLTILOQLEMNRNTDGTYNHG--DYKIVYVAPMKALVAEVVGNLSNRL
VKISDMPDWAQPAFKGMKSLNRVOSKVYETALFTSENLLLCAPTGAGKTNVAMLTILHELGLRKOQLDGTFDLS--SFKIVYVAPMKALVAEMVGNESERL

710 720 730 740 750 760 770 780 790 800

| | | | | | | | | |
APLGITVRELTGDTQLTKKELEETTMIVTTPEKWDVITRKGGEVSVASTLGLLIIDEVHLLNDERGPVIETLVARTHRQVETTQSMIRIVGLSATLPNPM
EPLGIQVRELTGDTQLTKKEMEETHMIVTTPEKWDVITRKGGEVSVASSLRLLIIDEVHLLNDERGPVIETLVARTHRQVETTQSMIRIVGLSATLPNPA
APLDIVVAELTGDTQMSKRELEETQMIVTTPEKWDVITRKGGEVSVASTLRLLIIDEVHLLNDERGPVIETLVARTLROQVEQTQOSMIRIVGLSATLPNPV
APLDIVVAELTGDTOQMSKRELETTOQMIVTTPEKWDVITRKGGEVSVASTLRLLIIDEVHLLNDERGPVIETLVARTLRQVEQTQOSMIRIVGLSATLPNPL
DELGMVCRELTGDTQLSKRELEETHVIVTTPEKWDVITRKGGEVSVASTLRLLIIDEVHLLNDERGPVIETLVARTRROVEQTQSMIRIVGLSATLPNPR
KDYGVIVRELSGDQSLTGREIEETQIIVTTPEKWDIITRKSGDRTYTQLVRLLIIDEIHLLHDNRGPVLESIVARTLROQIETTKENIRLVGLSATLPNYE
EPYGVTVRELTGDATLSRGOQIEETQIIVTTPEKWDIITRKSGDRTYTOMVKLLIIDEIHLLHDNRGPVLESIVARTVRQIETTQEMIRLVGLSATLPNYE

810 820 830 840 850 860 870 880 890 900

| | | | | | | | | |
DVAKFLGVS-DAGLEVEDQSYRPIPLTQVEVGVTEGNAMKRLNLMAETAYDKCAGALKSGKOQAMVEVHSRKDTVKTARQLAELAAN--AEGGVELEFGCAE
DVAKFLGVS-DAGLEVEDQSFRPIPLTOMEVGVTEGNAMKROMLMAQIAYDKCTAALRSGKOQAMVEVHSRKDTVKTAKQLGEIAANDQTOQGGLELF-APE
DVARFLGVNNDAGLEFVEDQSYRPIPLTOQKEFIGVTEKNSMKRQTLMAQIAYNKACEALRNGKQAMVEVHSRKDTVKTAKQLAEFAAA---QDGMELE-SNN
DVARFLGVNNDAGLEVEDQSYRPIPLTOKEFIGVTEKNAMKRQTLMTQIAYNKACEALKNGKOAMVEVHSRKDTVKTARQLAEFAAA---QGGLELEF-SNE
DVARFLGVTEGKGLEVEDQSYRPIPLTQVEFIGVSETNAMKRONVTIRIAFKKACEALRKGKQAMVEVHSRKDTVKTARQLAEIAGE---EGELELF-END
DVALFLRVDLKKGLEFKEDRSYRPVPLHOQYIGISVKKPLORFQLMNDLCYQKVLAGAG-KHQVLIFVHSRKETSKTARAIRDTAMA---NDTLSRE-LKE
DVALFLKVDEKKGLEYEFDNSYRPCPLAQQYIGVTVRKPLORFQLMNDICYEKVMEVAG-KHQVLIFVHSRKETAKTARATRDAALA---NDTLGRF-LKE

910 920 930 940 950 960 970 980 990 1000

| | | | | | | | | |
DDEGKKRFKTEIDRSRNNELKELVGKGFGCHNAGMLRSDRTLVEKLFAAGVVKVLVCTATLAWGVNLPAHTVVIKGTQLYDPOQKGGFRDLGVLDVQOIFEFG
NHPDEFTTWKKEVERSRNNELKELFHRGEFGCHNAGMLRSDRTLVERLESAGVVKVLCCTATLAWGVNLPAHTVVIKGTTLYDPSKGGERDLGVLDVQOIFG
QHERKAEFAQQVSRSRNNELKDLFLKGLGCHNAGMLRADRSLTEKLEFAAGLIKVLVCTATLAWGVNLPAHIVVIKGTQLYDPOQRGGEFRNLGVLDVQOIFG
ONERKAEFAMQVSRSRNNEVKELFLKGLGCHNAGMLRADRTLTEKLFAAGLIKVLVCTATLAWGVNLPAHMVVIKGTQLYDPQRGGERNLGVLDVQQOIFG
THEEKSIFAREVSRSRNQEMKELFFKGFGCHNAGMLRKDRTLVEQMEFAAGVIKVLVCTATLAWGVNLPAHQVITIKGTQLYDASAGGFKDLGVLDVQOIFG
DSVTRDVLHSHEDIVKNSDLKDILPYGFATIHHAGLSRGDREIVETLEFSQGHVQVLVSTATLAWGVNLPAHTVIIKGTQVYNPEKGAWMELSPLDVMOMLG
DGASREILQKENDVVKNNDLKNLLPYGFATHHAGMGRADRTLVEDLFGDGHIQVLVSTATLAWGVNLPAHTVITIKGTQIYNPEKGAWTELSPLDVMOMLG
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1010 1020 1030 1040 1050 1060 1070 1080 1090 1100

| | | | | | | | | |
RAGRPGEFDTSGEGVIVTEHKKLAHYLSLLTHSTPIESQFISCLADNLNAEIVLGTVTNVKEGAQWLGYSYLHTRMEKNPLAYGITWDDVKLDPGLGEHRR
RAGRPGEFDTSGEGVIITEHKKLAHYLALLTHSTPIESQFISCLADNLNAELVLGTVCSVKEGAQWLGYSYLHTRMEKNPLAYGLTWDDVNLDPGLVRHRR
RAGRPGEFDTSGEGVIVTEHKNLAHYVSMLTHSTPIESQFVSNLADNLNAEVTLGTVTNVREGAQWLGYSYLHTRMEKNPLAYGLTWDDIRLDPGLLDHRR
RAGRPGEFDTSGEGVIVTEHKNLAHYTAMLTHSTPIESQFISNLADNLNAEVTLGTVTNVREGAQWLGYSYLHTRMEKNPLAYGLTWDDVRLDPGLLDHRR
RAGRPGEFDTSGEGVIITEHKKLTKYVAMLTHSTPIESQFIECLADNLNAEIVLGTVTNVREGAQWLSYSYLHTRMEQNPLGYALTWDEVRLDPGLIEHRR
RAGRPQYDQHGEGIIITGYSELQYYLSLMNEQLPIESQFISKLADQLNAEIVLGTVONAREACHWLGYTYLYIRMVRNPTLYGLAPDALAKDVVLEERRA
RAGRPQFDTYGEGIIITGHSELQYYLSLMNQQLPIESQYISKLADNLNAEIVLGSVQDAREACDWLGYTYLYIRMLKNPTLYGVSREALEADPSLEERRA

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

00 | | | | | | | | | |
KLVKEAARTLDRAKMIRFDERSGQLYQTEAGRIASHEYIKQTSMEMEDEHLKRHMSVPEVEFHMVSHAGEFENISPREDEMPELETLRRDKKNACPIEVKA
KLVTEAARTLHRAKMVRFDEKSGFIYQTEAGRIASHEYIKQASMELFDEHLORHMSMPEVFHMVAQATEFENIAPREDEMPELEALRRNRKGACPLEIKA
KLIKEAARVLDRAKMIRFDERSGQLYQTEAGRTASHEYIRVNSMEVEDGLMHRHMTLPDIFHMISHSSEFENIVPREDEIPELETLRRNRR-VVPIDIKA
KLIKEAARTLDRAKMIRFDERSGQLYQTEGGRTASHEYIRVSSMEVEDSLMHRHMTLPEVLHMISHSSEFENIVPREDEIPELETLRRDRR-IIPVEIKA
NLIKTAARKLHKAKMIREFDEQSGOLYQTEAGRIASHEYIKVTSMELFEEMMNRHMSLPEVLHVISHSSEFENIAPREDEMPELEALRRNRRSACPIEIKG

DLIHSAATILDKNNLVKYDRKSGYFQVTDLGRIASYYYITHGTIATYNEHLKPTMGDIDLYRLEFSLSDEFKYVTVRODEKMELAKLLDRVP----IPIKE
DLVHSAAIVLDRNNLVKYDRKSGYFQVTDLGRIASYYYISHGSMATYNEHLKPTMGDIELCRLFSLSEEFKFVIVREEEKMELAKLLDRVP----IPVKE
1210 1220 1230 1240 1250 1260 1270 1280 1290 1300

| | | 00 | | | | | | |

TLADKAGKVNLLLOVYISRARMEAFSLIADSSYISONASRICRALYELCLRRGWPSLAETLLTLLKTVDLRIWPHOHTLRQFETTLSPDTLYRLETRDAT
TLADRAGKVNLLMOVYISRARMEAFSLVADSSYISONASRICRALFELCLRRGWPSLAEELLTLSKAVDLRIWPHOHALRQFEQTLSPETLYKLEERQAT
SLTDKVGKVNLLLOVYISRASMOSFSLIADSMYISONASRICRALFELCLRRGWPSLAEQLLTVSKSCDLRIWPHOQHELRQFEKSLKPEVLFKLEEKKAT
SLTDRVGKVNLLLOVYISRANMOSEFSLIADSMYISONASRICRALFELCLRRGWPSLAEQLLTVSKACDLRIWPHOHELRQFEKTLKPEVLYKLEEKKAT
DMSDKIAKVNLLLOVYVSRKRLESEFSLVADSSYISONASRICRALFELMLKRGWPSLAETLLTLSKAVDRRLWPHHSPLRQFENTLKPETIYKLEEKDAT
TLEEPSAKINVLLOAYISQLKLEGLSLTSDMVYITOSAGRLVRALYEIVLKRGWAQLAEKALNLSKMVGKRMWSVOTPLRQFHG-LSNDILMQLEKKDLV
SLEEPSAKINVLLOAYISQLKLEGLSLTSDMVEITOSAGRLMRALFEIVLKRGWAQLAEKALTLCKMVSRRMWSSQTPLROFKG-IPNDILSKVEKKDLP

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400

| | | | | | | | | |
VERLWDMSPSEIGSLLRLNTDVGKKVKGCLEALPHLAMEASVQPITRSVLRVSVTLTPDFIWRDSQHGGIQRWLVWVEDPVNEHIYHTETENLSKKQHKE
VERLFDMSAQEIGSMLRLNTAVGQKVRGCLESLPHLTMEATVQPITRSVLRVTIVALTPEFKWRDAVHGGLORWLVWVEDPVNEHIYHNETFMLSKKLHGE
LDRLWDMSASEIGSMLRLNTQIGGQVKSCMRAMPHLNMTAVVQOPITRSVLRVSVTLTPEFEWRDAVHGALORWLIWVEDPVNEHIYHSETENLSKKQSRD
LDRLWDMSGGE IGSMLRLNAQIGGQIKSCMRAMPHLNMTATVQPITRTVLRVSVTLIPEFEWRDQLHGALORWLIWVEDPVNEHIYHSETENLSKKQCRD
VDRLIDVSAKEVGDLLRLNAVVGAQVKRCVEQLPHVNLEAVVRPITRSVLRVSATLTPEFMWRDEVHGQAQQWLIWVEDPVNEHIYHTETFTLSKKQYKE
WERYYDLSAQELGELIRS-PKMGKPLHKFIHQFPKVTLSAHVOPITRTVLNVELTVTPDFLWDEKIHKYVEPFWIIVEDNDGEKILHHEYFLL-KKQYID
WERYYDLSSQEIGELIRY-PKMGKSIHRYIHQFPKLELAAHVOQPITRSVLKVDLTITPDFQWDEKYHGYVESFWVIVEDNDGENILHHEYFLL-KMQYVE
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1410 1420 1430 1440 1450 1460 1470 1480 1490 1500

| | | | | | | | | |
GKOQHMAFTIPIFEPMPSOYFLRATSESWLGCETFLELRFDGLVLPQKHPPHTDLLDLTPLPRSALND--—-—-—--- EKYESLYAKKFTHFNATIQTQOAFHTL
GKQHLAFTIPIFEPVPPOYFLRATSESWLGCETFLELNFNELVLPDRGPAHTELLDLPPVPRQALYPPENPELGRKEFFDLYEGKFEFENKVQOTOAENTL
GAQYLAFTIPIFEPVPPOYFLRAMSETWLGCESEFVELNFQHLILPEEHPPHTELLDLDPLPRSALNN-—-—-—--—-—— PVYESMYEGKFTHFNAIQTQAFHTL
GAQYLAFTIPIFEPVPPOYFLRAISENWLGCESEVELNFQHLILPEEHPPHTELLDLDPLPRSALKN-—-—-=-—-—-— PVFESMYEKKFTHENATQTOAFHTL
GRMTLAFTIPIFDPRPPOYFLRATHLYWLGCESFLELDLEDIVLPTEPPPNTELLDLEPLPRSALNN-—-—-=-—-—--— PTYESLYEKKFTHENATIQTOAFHTL
EDHTLHETVPIFEPLPPOYFVRVVSDKWLGSETVLPVSFRHLILPEKYPPPTELLDLQPLPVTALRN-—-—-—-——— PNYEILYQ-DFKHENPVQTQOVETVL
EDHNLSFTVPIYEPLPPOYEFVRVVSDRWLGSETVLPVSFRHLILPEKYPPPTELLDLQPLPVSALRN-———-—-——— PSYEVLYQ-KFRHFNPIQTQVEPVL
1510 1520 1530 1540 1550 1560 1570 1580 1590 1600

| | | | | | | | | |
FHTNVNVLLGAPTGSGKTISAELAMMRTFRDE-P-GGKVVYIAPLKALVRERIEDWRKHLCPVLGKRLVELTGDYTPDLRALLSADI IVATPEKWDGISR

FHSESNVLLGAPTGSGKTISAELAMMAAFRDH-P-GGKIIYIAPLKALVRERIEDWKGKLCKVLNKKLVELTGDYTPDIRALQGADIIVCTPEKWDGISR
YHTDTNVLLGAPTGSGKTISAELSMMKVEFRDS-P-GSKVVYIAPLKALVRERIKDWRKNLCPTLGLRMVELTGDYTPDLRALLQADIIVSTPEKWDGISR
YHTDTNVLLGAPTGSGKTISAELAMMKVEFRDY-A-GSKVVYIAPLKALVRERIKDWRKNLCPTLGLRMVELTGDYTPDLRALLQADIIVSTPEKWDGISR
YHTNHNVLLGAPTGSGKTISSELTILKMFRDE-PPGSKVVYIAPLKALVRERVDDWKKYFCPTVNKKMVELTGDYTPDLRALLRADIIVATPEKWDGISR
YNTNDNVLVAAPTGSGKTICAEFAILRNHHEGPDATMRVVYIAPLEATAKEQFRIWEGKFGKGLGLRVVELTGETALDLKLLEKGQIIISTPEKWDALSR
YNTDDNVLVAAPTGSGKTICAEFAVLRMLOKG-EAGGRCVYIAPVEALAKERLRDWESKFGRTLGVRVVELTGETATDMKLLEKGQIIISTPERWDVLSR

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700

2 00 | | | | | | | | |
NIQSRAYVQKVSLVVIDEIHLLGADRGPILEVIVSRMRYISARTKQPVRIVGLSTALANARDLGDWLGIEDE ————— GLEFNFRPSVRPVPLECHIQGFPG
OWQARSYVTKVSLVVIDEIHLLGADRGPILEVIVSRMRFISTRTERPVRIVGLSTALANANDLADWLGIEKQEGPKSGLENFKPSVRPVPLECHIQGYPG
NWOSRAYVTKVALVVIDEIHLLASDRGPILEVIVSRMRYISARTGSNVRIVGLSTALANARDLGDWLGIDKE-—---— GLENFRPSVRPVPLECHIQGEPG
NWOSRAYVKKVALVVIDEIHLLASDRGPILEVIVSRMRYISARTGSNVRIIGLSTALANARDLGDWLGIEEE-—-—--- GLEFNFRPSVRPVPLECHIQGFPG
NWOSRSYVSKVKLVIIDEIHLLGADRGPILEAIVSRMNYISARTKSKIRIVGLSTALANARDLGDWLGIENDK----GLEFNFRPSVRPVPLECHIQGFPG
RWKQRKYVQOVSLFIVDELHLIGGOHGPVLEVIVSRMRYISSQVINKIRIVALSTSLANAKDLGEWIGASSH-—-—--- GLENFPPGVRPVPLETIHIQGVDI
RWKQRKHVQOVSLEVVDELHLIGGEGGPVLEVIVSRMRYIGSQTENQIRIVALSTSLANAKDLGDWIGASSH-—--—— GLENFPPGVRPVPLETHIQGVDI
1710 1720 1730 1740 1750 1760 1770 1780 1790 1800

| | | | | | | | | |
KFYCPRMMIMNKPTYAAIRTHSP-EKPTLVFVSSRRQTRLTAMDLIAYAAAD-ERPEGFVHMSANELAGVVRRARDPALKHCLQFGIGIHHAGLSPEDRA

KEFYCPRMMTMNKPTYAATRTHSP-EKPALVEVSSRROTRLTAIDLIAYAAAD-ERPDTFVHMDPYEMEMHLAKVKSPELRHTLQFGVGLHHAGLAPEDRA
KEFYCPRMMTMNKPTYAATRTHSP-EKPTLVEVSSRROTRLTALDLIAYAAAD-ERPDGEVHMSDDELTMHLSKVKDPALKHTLOQFGIGLHHAGLTPEDRE
KEFYCPRMMSMNKPTYAAIRTHSP-TKPALVEVSSRROTRLTALDLIAYAAAD-ERPDGEVHMSNEELSTHLSKVKDPALKHTLQFGIGLHHAGLTPEDRE
KEFYCPRMLSMNKPTYAAIRTHSP-LKPALVEVSSRROTRLTALDLIAYAAAD-ENPDAFVHCNSQELEQRIAKIQODPALKHTLOQFGIGLHHAGLSPEDRG
SSFEARMOQAMTKPTYTAIVQHAKNKKPAIVEVPTRKHVRLTAVDLMAY SHMDNPQSPDFLLGKLEELDPFVEQIREETLKETLCHGIGYLHEGLSSLDOE
ANFEARMOAMTKPTYTAIVHHVKKQEPALIFVPTRKHARLTALDLVTYATVNGNGKSPFLHCAEADLAPFLSKVKDEALTHALLQGIGYLHEGLSAIEQE
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1810 1820 1830 1840 1850 1860 1870 1880 1890 1900

| | | | | | | | | |
ICEELFAECKIQVLVCTSTLAWGVNLPAHLCIIKGTEFYDGKSRRYVDEFPITDVLOMMGRAGRPQFDKSGCCVIMVHEPKKAFYKKEFLYEPFPVESSLAD
LCEELFLKCKIQVLVCTSTLAWGVNLPAHLVVIKGTEFYDGKTRRYVDEPITDVLOMMGRAGRPQFDTSAVAVIMVHEPKKAFYKKFLYEPFPVESSLAD
LCEELFAQCKIQVLVTTSTLAWGVNLPAHLVVIKGTEYFDGKTKRYQDEFPITDVLOMMGRAGRPQFDKSGCCVILVHEPKKTEFYKKFLYEPFPVESSLAE
LCEELFAQCKIQVLVTTSTLAWGVNLPAHLVVIKGTEYFDGKTKRYQDFPITDVLOMMGRAGRPQFDKSGCCVILVHEPKKTEFYKKFLYEPFPVESSLAE
VAEQLFAECKIQVLVSTSTLAWGVNLPAHLVVIKGTEFYDGKTKRYQDEFPITDVLOMMGRAGRPQFDKSGCCVVLVHEPKKNEYKKFLYEPEFPVESSENE
IVTQLFEAGRIQVCVMSSSLCWGTPLTAHLVVVMGTQYYDGRENSHSDYPVPDLLOMMGRASRPLLDNAGKCVIFCHAPRKEYYKKEFLYEAFPVESQLQH
VVTSLLTAEAIQVCVATSSMCWGMTLSAHLVVVMGTQFYDGRENAHTDYPITDLLOMMGRASRPQVDTSGKCVILCHAPRKEYYKKEFLYEPFPVESHLDH

1910 1920 1930 1940 1950 1960 1970 1980 1990 2000

| | | | | | | | | |
NLPDHENAEVVAGTIRSKQODAVDYLTWTYEFFRRLVONPSYYDCEGVEHAELNAFLSRLVENALVMLEDARCVEIGE-DDSVAPLLLGRIASYYYLQHPSV
QLPDHENAEVVAGTIRSKODAVDYLTWTYFFRRLVKNPSYYDLESVEHDALNAFLSRLVENALAQLEDAQCLTIGE-DDSLEPATMGRIASEYYLQHPSV
NLCDHENAEIVSGTIKTKQDAVDYLTWTYFFRRLLKNPTYYNLDTIQTDNLNEYLSDLVENALELLEDARCIAIDEEDDGLEPLMLGRVASYYYLQYPSV
NLCDHENAEIVSGTIKTKQODAVDYLTWTYFFRRLLKNPTYYNLDTIEADKMNEYMSDLVEGALELLEDARCIAIDDDDDSLEPLMLGRVASYYYLQYPSV
CLEDHENAEVVGGAIKSKODAVDYLTWTYFFRRAMKNPTYYNLEDTNHETVNSYLSEMVENTMETLASAKCLAINDEDDSIKPLMLGRIASEFYYLNFKTM
FLHDNEFNAEVVAGVIENKQDAVDYLTWTEFMYRRLPONPNYYNLOGVSHRHLSDHLSELVENTLSDLEASKCIEVED-EMELSPLNLGMIASYYYISYTTI
YLHDHLNAEVVVRTIENKODAVDYLTWTFMYRRLTONPNYYNLOGVSHRHLSDHLSELVESTLSDLESSKCVAIED-DMDLSPLNLGMIAAYYYISYTTI

2010 2020 2030 2040 2050 2060 2070 2080 2090 2100

| | | | | | | | | |
ALFASSLSHANTVEQLLKTLCGVAEYDELPVRHNEDKVNAELAIRVKEAGGFAVDARLADDPHTKANLLEFQAHFLRVPLPMSDYVTDTKSVLDQATIRITIQ
ALFASSLGPDTSLEQLLGILCGVAEYDELPVRHNEDKVNAELARQVEDAGGFKVDARLADDPHTKANLLEFQAHFLRLOLPMSDYVTDAKGVLDQAVRILO
ALFASNIKANSSLESLLETLCGVAEYDELPVRHNEDKLNTELAEVVADAGGFQVDIRLAEDPHVKTSLLFQCHFLRLPLPLSDYYTDTKSVLDQAIRILO
ALFASNIKANSSLEDLLETLCGVAEYDELPVRHNEDRHNTELAQVVADAGGFQVDVRLAEDPHVKTSLLFQCHFLRLPLPVSDYYTDTKSVLDQATIRILO
AVEFSKRLKKSNTLEDVLTTLCDVAEYDEIPVRHNEDKLNADLAINVLKAGGYQVDRRAYDDPHVKASLLFQAHFLRLPLPMSDYHTDTKSVLDQSQRILO

ERFSSLLSSKTKMKGLLEILTSASEYDMIPIRPGEE----DTVRRLINHQREFSFENPKCTDPHVKANALLOAHFSRONIGG-NLAMDQRDVLLSATRLLQO
ELFSSSLTAKTKLKGLLEILSNASEYTRLPMRPGED----ELTIRKLVMHQREFSMDKPKETDPHVKANALLOAHFARHSVSG-NLALDQRDILIDASRLIQ
2110 2120 2130 2140 2150 2160 2170 2180 2190 2200

| | | | | | | | | |
ATIIDVASDAGWLHTALNAMRLMOMVMOGREFLTDSPLTTLPHVDAEVAGKLRRG-GVKSLPQFVTRAIKDRAGAKKALCAAGLSGRTAEETTNVAARYPSV
ATIDVCAESGWLATCLHAMNLMOMVMOGREITDPSCMSVPGVDEQKAASLSGS-GYEALPQLVDACVNKEAAARKALTNAGLKQRQVDEAVNHCQRMPLT
AMIDVTSDAGWLHTALSTMNLMOMIMOGRMITDSSLLTLPHIERRHLRNLEKH-GLSILPQLMDLCSSNKQOARRVLSECGINGRKIDQVVDLCLRLPVI
AMIDVTSDAGWLRTAMNTMNLMOMIMOGRMISESSLLMLPHIQPDHLKGLERC-GVSGLSQLIDLSTKNIQKARKVLSDCGITGRKMEKIVDLCVRLPVL
AMTEIVSEAGWLSTALSIMNLTOMIIQGLSINDNSLLLLPKIADEEVSKLERFSKITCLPQLVFLAIHRKSAFFEAMSKAGLSKSKSEATIYNVCANLPLL
AMVDVISSNGWLNLALLAMEVSOMVTOGMWERDSMLLOLPHFTKDLAKRCQEN-PGKNIETVFDLVEMEDEERQELLKMS---DAQLLDIARFCNREPNI
AMVDVISSSGWLHPALAAMELSOMVTOGLWERDSYLLQLPYFTKDLAKKCADN-PDKPIQTVEFDLVEMEDDERRELLOMS---DAQLMETARVCNREPNI
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e) UAA1

Mipucl6g00610
Mipurl0g04930
0116900570
0t17g00460
Bathy06g01490

2210 2220 2230 2240 2250 2260 2270 2280 2290 2300

\ \ \ \ \ \ \ \ \
MMRASSVKTSRASAGGGKADEGVVEVHLKRLHARGGKDGGNGGGGRSSAPRAVCPLFPKLKEEGWWLVLGD-RISGELLALRRVGFGGAASAKLTYAAPD

DIDVKLSK-—-—-=-=-—————- DGTEVEVNLRRTSKSAG--GGGKGGGRGSAPRAILPRYPKVKEEGWWLILGD-RNNRELLSLKRVGFGQSARAKLAVDRSA
DAKATTETTKGIN-—-—-—--- GEKTVHVKLRRIGKKCG-—-—-———-— SK--APTSYTPRFPKIKEEGWWIVVGD-TANDELLALRRISFGDAANVKLKCPSGS
HVEASIETVKGG-—-—-—-—-—-- GDTTVHVQIRRIGKKCG-—-—-=——-- SK--APTSYTPRFPKIKEEGWWVIVGD-TANNELLALRRISFGDRADVKLKCPPSA
DMKATLVEDKVNSSDG--RRNVSVKVSLKRSGKKSG-—-—--—-—-—-—-— RKTAPRAYAPREFPKQKDEGWWIVLGEKRRTGELVAMRRAQYADTFDAVLKIDNEP
DLTYEIVGSEEVNP-G---KEVTLQVMLER--DMEG-—---—-—-—-—-— RTEVGPVDSLRYPKTKEEGWWLVVGD-TKTNQLLAIKRVSLORKVKVKLDEFTAPS
DLAHEVLDNDDISP-G---DTVTLQVTLER--EMEG-—----—-——-— ROQELSPVDAPREPKPKEEGWWLVVCE-PKSNOLLATKRVSLOQRRSKVKLDFTAPN

2310 2320 2330 2340 2350 2360 2370 2380 2390 2400

\ \ \ \ \ \ \ \ \
APIGGGRGPELDLVVHLVSDCYVGMDODLGVSEGLPAS--IDAEEDGDSSDDDGEFWLPAAAVAERMKA-ASETARRLASESESESESEDDEAFWEDETPT

NAV----- FEPDLHVYLISDCYVGLDQEVEVARGAGAVGAEDAGDTGDTDDEQGFWLSPEQVAARLAARATERATEDTDSDEDFWEMPAAAAPAGERY SA

SSRAR----- PDLVVFLMSDSYIGLDQEVKIDSNTMVD---EDSSDEFAEDDDTFWALP-—--—=——=——-——-—- PD-STEPFWLGEG-—--—--—--—-

SPRPRR----QTLAVYVVSDSYIGLDQEILINADDFVE---VSD-DEVDDNADTFWLLP--—--—-——-——-—--— PT-QTEPFWLGEAD--——--——--—-

RGMS—---- VTDITVFIMSDTYIGLDOEVLVSNTDDKR----FLSSAGVADRHRFFEERE--—-——-——-—- S---DSEAEGNFWQDEDELS-——--—---

EPGE---—-- KSYTLYFMCDSYLGCDQEYSFSVDVKG--—-—- SGAGDRMEE - —— === = == = = = = — =

EVGR---—-- KTYTLFFMCDAYLGCDOENEFT I DVKEG-=VDAEDDGNAMEE — — = = = = = = = — = = m o o o o
2410 2420 2430

| | |
EEVAAAAVDQDAFFWEGEGAYLAAGGDGEKKT

VMAAKMPVEEDPFEFWENEREYLDAK-——————

————————————————— ENTLLT-------—-
————————————————— ENSLLT-------—-
————————————————— DEDIPDF-—-—--—-
10 20 30 40 50 60 70 80 90 100
\ \ \ \ \ \ \ \ \
MKTRARDAGTRGGD-———-—————-—~— RDADARGRGAPRGRRAGA-—-——-————-— GVFSTR----ARERSGAR----AAEARTDATSTR-—-————-- AAV
MSDRPAYHLVPGRED-—-—-—--~ PPTNHDPPPMNPPLGHRSSD-—-—-——-— HVGSVR----LLEALGAPSRRDDGEPEKGASILS—-—-—-—- SSG
MGVAASARASRPSDFVDADDDDAWRRADAGARARRGRRETSAGS—---FSAIPSVSSFGGGLMNYERQGARVTRRS PSNEGGDVEQGLADWGRDDAS T
MDDAASDGRGR--——-—- TDDARWT SASAGARDRARGRETRSGADGQRFETIPSVSSFGGGLMNYEVFSRRSSANEMSSEP-DVERG-—---GVEPSPV

* . .
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110 120 130 140 150 160 170 180 190 200

| | | | | | | | | |
PRRAERRR---DPAKLWGVPLRMSD-KDLVYFLVSGAILSYLGFTATQEGVEFR--——-~— GADFHYGGMVTLFTTLVYCAAAATERKKSNDAV--RKGSWRN
AGGTNRNA---EPATILWGIPLRFADERRLAYFLGGGAVACYLAFTATQEGVFA--—-—- SMGGAHGGMVTLVTTAVYCCLAFGERVRSGETH--RKGTWRD
SPGATKRASGATPARVWGRELRLSE-GALLATLSAGALFAYVAFTMTQEGVEFRR---ATKEFKYGGAVSLCTCLVYCALAQCERVSNGDHG-ARRGNLKD
SPGTLKRLNADAPVKVWGREVRMSE-LGLLMTLSGGALFAYVAFTMTOQEGVEFRR---ATKDFKYGGVVSLCTSLVYCGLAQCERASNGDAPWSRRGDIRD

SPOPSKEK---DPIKLWGVKLLEFSE-RSIFWLLASGALFAYLGFTTVOQEYVFRNHAKEAIGFREFGGVVTLVTSFTYALLGFLERLANDE----RRAKLKD
. * :** . e * .**: .*:.** .** * % .** *:* * .*. . * % L. . .
210 220 230 240 250 260 270 280 290 300

| | | | | | | | | |
YLILAAITTGSMWITNAAMQYLNYTTRIVAKSSKVIPTMILGTFMQGRTYGRDEYGCAILLVCGIALFTMGDVDAAPSFDPTGVVMIFVALFLDSAAGNF

YLILAAMTSGGMYATNAALAYLNYTTRIVAKSSKVIPTMLLGTVMOGRRYSASEYLAAGMLVLGIALFTMGDVDTLPSFEVKGIVLIAVALCLDSAAGNFE
YAMLSVMTSGSMYLTNAALSYINYTTRIVAKCSKVIPVMIVGTFMHGRRYGSEDYAMCVLLVIGITMEFTMGDVDSEFPNFNYRGVTYITIALFTESTAGNE
YALLSVMTSGSMYLTNAALSYINYTTRIVAKCSKVIPVMIVGTLMOGRRYGVEDYGMCILLVVGITLFTMGDVDSEFPNEDYRGVAYITIALFLESTAGNE
YVLLATMTSGGMYLTNFSLSYINYTTRIVAKCSKVIPTMVMGALMOGRRYEKKDYFAAMTLVCGVCLFALGDRASLPQFQPKGVVMIVCALFIEAAAGNE

* e Kk e ek ek ke k% ek hkkhkkhkhAhkhkhkd K hkkhkhkk Kheokeoe *eokkx K . % * Kk Kk . ek o o kK e Kk k. * . * * % e e ok kK Kk

310 320 330 340 350 360 370 380 390 400

| | | | | | | | | |
EERRFFNIPDPVTHAEVVFHSNLIGIGFSAIAMLFSIELLPAFAHAFANATVLPAICVAALFGYLSVSFIMLLIRHYGASNTEIVKSTRKMISIGASMLL
EERRFENVPDPVHHAEVVYHANLIGMGLTCVGMWLSGELWVSVAFVASNVTSTPLMAVAAAFGYLSVSFILLLIRHYGAANTEVVKSMRKMVSIALSMTL
EERRFENIPQPISHCEVVEYVNAIGSAWIALGLFASGELFTAVAHLLGEPDVLAAICVAAAFGYISVITCILLCLRHYGATNTEVIKAVRKMLSLALSLVV
EERRFENLPKPISHCEVVEYVNAIGSVWIALGLFASGELFVSLAHISREPTMLVAICLAAAFGYISVTCILLCLRHYGATNTEVIKAVRKMLSLALSLLV
EEKRLENVSLPASHAEVVMHANIFGLLMTTFGMTLNGEIWPIVAYMNSHRECVFRAMIAASEFGYMSVSFILLSIROQYGATNTEI IKALRKMLSTIALSLLL

KKk ek e kk oo * * kkkx . Kk .k )k . * ehkk hhkKkekhkke Kek chkekhkhkkhkoekkhkhkookeoe Khhkkoko * .

410 420 430 440

| | | |
YPAPWNIKYGAGLACTGAALYGLYLLKRRKLAASG——GSIEATK
YPKPWDWKYGAGAASTVVGLYALYATKRRKYLAAGPGGSMEAAK
YPKPMGWKYVVGTGATATALFGLYKIKMRRLRLAG--GSMEAAK
YPKPMGWKYIVGTTATCVALFGLYKIKMRRLRAAG--FSMEAAK
YPKPMGWRYVTGTCVTAFGILTLYAIKKRRYVKAA--GNAEAFK

* kK * ok * * . *k ek Kk * kK
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Figure S9. Alignment of all intron encoded proteins (IEP) within IE-B sequences. The divergent

group of IEPs (blue) and the ‘OTU-like cysteine protease domain’ (yellow) have been highlighted.
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Prim.cons.

10 20 30 40 50 60 70 80 90 100

MTPERVVTWGVVAMSVAVLRIVTEAFMAVMSGCGDVEGSSVHATLVVSPPITSVSTAAPLRPPADSPPARLAAGMRTRAVRRKWRVCVFQERRKALMMAM
————————————— MSVAVLRIVTEAFMAVMSGCGDVEGSSVHATLVVSPPITSVSTAAPLRPPADSPPARLAAGMRTRAVRRKWRVCVEFQERWKALMMAM
MTPERVVTWGVVAMSVAVLRIVTEAFMAVMSGCGDVEGSSVHATLVVSPPITSVS

MTPERVVTWGVVAMSVAVLRIVTEAFMAVMSGCGDVEGSSVHATLVVSPPITSVSTAAPLRPPADSPPARLAAGMRTRAVRRKWRVCVFQER2KALMMAM

110 120 130 140 150 160 170 180 190 200

| | | | | | | | | |
MMTMMTAASVATPTPDDADAKATPVKASTATDET VEVATPPDADTAPSEASSP
MMTMMTAASVATPTPDDADAKATPVKASTATDETHGETPSSVLVSPAVESTLVPAAAESTVEAAAAITASSEASLPTSEPQSSVAHSAATATAPSEASSP
————— TAASVATPTPDDADAKATPVKASTATDET VEVATPPDADTAPSEASSP
MYGEAQPPLASDDE

MYGEAQPPLASDDE

MMTMMTAASVATPTPDDADAKATPVKASTATDETHGETPSSVLVSPAVESTLVPAAAESTVEAAAAITASSEASLPTSEPQVFVAT2222ATAPSEASSP

210 220 230 240 250 260 270 280 290 300

| | | | | | | | | |
—--MAAARAAGRLSRRLGAA-- —~LRDTAMNAARDFTRMGSSRAQKATAVKP--—
—LRDTAMNAARDFTRMGSSRAQKATAVKP-—
—-IALRDTASNAARAFARKSSSRAQETTGVKP---
EPEPQPESSVAPSAAAASAAAAMTAPSEASSPPPEPQPESSAPPGAATLVPASNLNRCLRGGASSTGAKTITSSPNADETSTGPAFFPRSFMKKFRNNIL
EPEPQPESSVAPSAAAASAAAAMTAPSEASSPPPEPQPESSAPPGAATLVTASNLNRCLRGGGSSTGAKTITSSPNADETSTGPAFFPRSFMKKFRNNIL
EPEPQPESSVAPSAAAASAAAAMTAPSEASSPPPEPQPESSAPPGAATLVTASNLNRCLRGGGSSTGAKTITSSPNADETSTGPAFFPRSFMKKLRNNIL
LEDDPFVFDLDDEKLAEEYAAALHVPFVVIMSG-— —HNRRCCLAAEIGDSCAPRLDDIRRVTP---
LEDDPFVFDLDDEKLAEEYAAALHVPFVVIMSG-— —HNRRCCLAAEIGDSCAPRLDDIRRVTP---

* * *

EPEPQPESSVAPS2AAA2ARAAL22P22A2SPPPEPQPESSAPPGAA222TASNLARC2R2GGSSR22KT2TV2PNADETSTGPAFFPRSFMKKFRNNIL

310 320 330 340 350 360 370 380 390 400
| | | | | | | | | |
SPCILRAPKRTPTSTS———————————————————— - — -

SPCILRAPKRTPTSTS

SRYDFRASTRTQTSTS
GFELRSVGEPIQAAIGRFLTASAMKILNTRGDGNCMFRALLECMTGNSDKHVEFRLQVVNLMRSDPNSYRAEAEADQVDDAP------HDRPFDFDSYCD
GFELRSVGEPIQAAIGRFLTASAMKILNTRGDGNCMFRALLECMTGNSDKHVEFRLQVVDLMRSDPNSYRAEAEADQVDDAP------HDRPFDFDSYCD

GFELRSGGEPIQAATGRFLTASAMKILNTRGDGNCMFRALLECMTGNSDKHVEFRLQOVVGLMRDDPDSYRAEAEADQVDDAPHDDDAPHDRPFDFDSYCD

DSRAARLDEKYPQSQD----Q Do

DSRAARLDEKYPQSQD----Q Dm o
R

GFELRSVGEPIQAAIGRFLTASAMKILNTRGD2NCMFRALL22PTS2SDKHVEFRLQVV3LMRSDPNSYRAEAEADQVDDAPHDDDAPHDRPFDEDSYCD

410 420 430 440 450 460 470 480 490 500

| | | | | | | | | |
ATPAPTLAPTPAP
ATPAPTLAPTPAP
ATPAATPAPTPAP
NMKRVGIFGGTPELHAASVLLKVDIMVIDVRYGRLVLDTGGDQPQERGTIAVAFDSDGKHYNAIVHLELSRRGFPDDTEASAATFSVNTTKASFADATPT
NMKRVGIFGGTPELHAASVLLKVDIMVIDVRYGRLVLDTGGDQPQERGTIAVAFDSDGKHYNAIVHLELSRRGFPDDTEASAATFSVNTTKASFADATPT
NMERDGIFGGTPELHAASVLLKVDIMVIDVSYGRLVLDTGGDQPQERGTIAVAFDSDGKHYNAIVHLELSRRGFPDDTEASAATFSVNTTKASFADATPT
VTSRGSFSYTNAD
VTSRGSFSYTNAD

* PRI

NMKRVGIFGGTPELHAASVLLKVDIMVIDVRYGRLVLDTGGDQPQERGTIAVAFDSDGKHYNAIVHLELSRRGFPDDTEASAATFSV2T22ASFA2T2A2

510 520 530 540 550 560 570 580 590 600

| | | | | | | | | |
TPAPTPRYILRASTRTQTSTSATP---AATPAATP-—-—-———--———

TPAPTPRYILRASTRTQTSTSATP---AATPAATP--—

TPAPTPRYILRASTRTQTSTSATP---AATPAATPA--

SGVSTAASVVKTRARAQISTSFSEEDEVTSPGADPRD--

SGVSTAASVVKTRARAQISTSFSEEDEVTSPGADPRD-—

——-AAATRAVAQQP-VSSRTRSGGRSRGG-—
—-TEFTPPRSSSDAPNTRARARATGRSRDAPTATSRDARAAARSKRNAKHADDDVDPES
—-TEFTPPRSSSDAPNTRARARATGRSRDAPTATSRDARAAARSKRNAKHADDDVDPES

SGVSTAASVVKTRARAQISTSFSEEDEVTSPGADPRD------— TEFTPPRSSSDAPNTRARARATGRSRDAPTATSRDARAAARSKRNAKHADDDVDPES

MLQMGFKKVKRPPEKDLFPPAMPDCLPPATPDEEDDDRMSLSYGMDVDDIPPVDSAGVATTARGKRRREDAP-————————————————— SPGQRSSEAQ

MLOMGFKKVKRPPEKDLFPPAMPDCLPPATPDEEDDDRMSLSYGMDVDDIPPVDSAGVATTARGKRRREDAP—————————————————— SPGQRSSEAQ
. e . . sek . . ek *

2222T222V2R222R2Q2STS222EDE2ATP2A2PRDRMSLSYTEF222R222D2PNV22RAR22GRSRDAPTATSRDARAAARSKRNAK2AG2D2DP22

610 620 630 640 650 660 670 680 690 700

| | | | | | | | | |
DGDVGRDDSAPPPPAKRRLAVESLSE —-LPPLPRRS
DDGVGRDDSAPPPRAMRRLAVESTSE —~LPPPSRRS

-DGDVGRDDSAPPPPAKRRLAVESPSE-----LPPLPRRSS
ESTAAASKHFPRATRPNLSAHGSKAAKRIKTSPSTSAARKQAAAPMPSRSRAQQATAAKPSRYNLRPPKRTPTSTSATPAATPAATPAATPAAT-——-———
ESTAAASKHFPRATRPNLSAHGSKAAKRIKTSPSTSAARTQAAAPTPSRSRAQQATAAKPSRYNLRPPKRTPTSTSATPAATPAATPAATPAATPAATPA
ESTAAASKHFPRATRPNLSAHGSKAAKRIKTSPSTSAARTQAAAPTPSRSRAQQATAAKPSRYNLRPPKRTPTSTSATPAATPAATPAATPAATPAATPA
RLDAPAVKPVTRPSR TTKPIERFGFDDHATGASRAIPASAGR VPGTSAPG
RLDAPAVKPVTRPSR- ——-TTKPIERFGFDDHATGASRAIPASAGR VPGTSAPG

* * * . *

E2TAAA2KH2TR22RPNLSAHGSKAARKRIKTSP2TS22RD22A2PPP2RSRA22ASA22PSRYNL2PPKR2P2STSATPAATPAATPAATPAATPAATPA
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Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

710 720 730 740 750 760 770 780 790 800

| | | | | | | | | |
PRLOPSALVVTPAAPMTSAT----PRP---SVARTPSAAR----KAVTRGAHSVVQ
PPLQOPSALVVTPAAPMTSAT----PRP---SVARTPSAAR----KAVTRGAHSVVQ
PRLOPSALVVTPAAPMTSAT----PRP---CAASTPSAAR----KPATRGAHSVVQ
—————————————————— PLOSVSSRTRSRGRDRGGGDGFDANPPRLQSSALVATSAAPTPSAPRT-KPKSKAKPAARTKSKSKPYKGKAVTRGAHSVVQ
ATPAATPAATPAATPVATPLQSVSSRTRWRGRDRGGGDGFDANPPRLOSSALVATSAAPTPSAPRT-KPKSKAKPAARTKSKSKPYKGKAVTRGAHSVVQ
ATPAATPAATPAATPAATPLQSVSSRTRSRGRDRGGGDGFDANPPRLOSSALVATSAAPTPSAPRT-KPKSKAKPAARTKSKSKPYKGKAVTRGAHLVVQ

G----LAASAPRGRATPAPRGRATPARRVPDASAPRGRAAPAPESESVED----— EEAA-RFNAGI
G----LAASAPRGRATPAPRGRATPARRVPDASAPRGRAAPAPESESVED----— EEAA-RFNAGI

* . ek %1 P

ATPAATPAATPAATPZATPLQSVSSRTRSRGRDRGGGDGFDANPPRLQZSALVZT2AAP2ZSAPRTSKPR2KAKPAART2S222PYKGKAVTRGAHSVVQ

810 820 830 840 850 860 870 880 890 900

| | | | | | | | | |
DMHSVETRNYDAGKVARQKRKSPDERRRDDAAAAASRAANAARDAEEQEAFKLRYETIDELR-AAFEADPLSDDECVRDIKAEHDAMVAAAKKRAADEAK
DMHSVETRNYEAGKVARQORKSLDERRRDDAAAEETRAANAARDAAEREAFKLRYETIDELRAAAVKAVQMSDDECVRDIKAEHDAMVAAARKKRAADEAK
DMHSVETRNYEAGKVARQKRKSPDERRRDDAAAEDARAANAARDAEEREALKLRYETIDKMR-AAVKADLMSEDACVKVIKAEHDAMVAAAKKRAADEAE
DMHSVETRNNEAGKVARQQRKSPDERRRDDAAAEEARAANAARDAEEREAFKLRYETIDELR-AAFEADPLSDDECVRDIKAEHDAMVAAAKKRAADEAK
DMHSVETRNYEAGKVARQORKSPDERSRDDAAAEEARAANAARDAEEREAFKLRYETIDELR-AAFEADPLSDDECVRDIKAEHDAMVAAARKKRAADEAK
DMHSVETRNYEAGKVARQORKSPDERRRDDAAAEEARAANAARDAAEREALKLRYETIDKMRAAAVKAVQMSEDACVKVIKAEHDAMVTAAKKRAADEAK
ICRAVERRNHDDGQRVKEQRTPVDVKHRAEEALELAAVVEAARVVKENADFEAVRKATLEER-AEFDLNPPSEAAY LKRVKQEHKKECDDARVRAEAGG—
ICRAVERRNHDDGQRVKEQRTPVDVKRRAEEALALAAVDEAARVVKENADFEAVRKATLEER AEFDLNPPSEAAYLKRVKQEHKKECDDARVRAEAGG*

T P T PR .. ok ok T *. Kk

DMHSVETRNYEAGKVARQQRKSPDERRRDDAAAEEARAANAARDAEEREAFKLRYETIDELRAAAF2ADP2S2D2CV2DIKAEHDAMVAAAKKRAADEAK

910 920 930 940 950 960 970 980 990 1000

| | | | | | | | | |
DEASRSVPKPAELKRR-ILTPEERARVDKIDAPWRGVAKAYLEHDWPLPFWFSAGALAQGNETLELIVEQY-EIDTMDELGHWFGAMCSDASFDAK-SGR
DEASRSVPKPAELKRR-ILTPEERARVDKIDAPWRGVAKAY LEHDWPLPFWFSAGALAQGNETLELIVEQY-EIDTMDELGHWFGAMCSDAYFEAK-SGR
DRASRSVPKPAELKRR-TLKPAELDRVNKIDKPWRGVAKAYLEHDWPLPFWFSVGALAQGNETLELIVKEF-DIDTMDELGHWFGAMCSDAYFEAN-TGR
DEASRSVPKPAELKRRRLLKPAERARVDKIDAPWRGVAKAYLEHDWPLPFWFSAGALAQGNETLELIVEQY-KIDTLDELGHWFGAMCSAAYFEAN-TGR
DEASRSVPKPAELKRR-ILTPAERARVDKIDAPWRGVAKAY LKHDWPLPFWFSAGALAQGNETLELIVEQY-EIDTLDELGHWFGAMCSDAYFETN-TGR
DEASRSVPAPAELKKR-ILKLAERARVKKIDKPWRGVAKAFLEHDWPLPFWFSAGALAQGNETLELIVKEY-KIDTMDELGHWFGAMCSDAYFDAKSSGR
——-AVTMPPREALQILFHLIKGHLERLQVLAIPWRGIAMVSLQYKRPLPRCFPATQLALVIPATANLLRDYPWIDTLADIGYFTGAMFSDAGMDCS--GN
———AVTMPPREPLQILFHLSEGHLERLQVLAIPWRVIAMVSLRYKRPLPRCFPATQLALVIPAIANLLRDHPWIDTLADIGYFTGAMFSDAGMDCS——GN

Kkk sk K. kkx ® * Kokke sakas kkk kK

DEASRSVPKPAELKRRFIL2PAERARVDKIDAPWRGVAKAYLEHDWPLPFWFSAGALAQGNETLELIVEQYPEIDT2DELGHWFGAMCSDAYF2A2S2GR

1010 1020 1030 1040 1050 1060 1070 1080 1090 1100
| | | | | | | | | |
FTLQTTNRDYADLQRANLHNVQWKTVPRP----GAEMESDFIEKFEATCSNGAKSWKYAITTTPVGDK-——-———-—————-——
FTLQTTNREYADLQRANLHNVQWRTTTRP----GAEMESDFIEKFEATCSNGAKSWKYAITTTPVGDK-—
FALQTTNRDYADLQRANLHNVQWKTVPRP----GAEMESDFIEKFEATCSNGAKSWKYTIAATPVGDK-—
FALTTTNRDYADLQRANLHNVQWKTVPRT----GAEMESDFIEKFEATCSNGAKSWKYAITTTPVGDK-—
FALKTTNRDYADLQRANLHNVQWKTVPST----GGKMESEFIERFEATCSNGAKSWKYAITTTPVGDK-—
FALTTTNRDYADLQRANLHNVQWKTVPRP----GAEMESDFIEKFEATCSNGAKSWHYATRTTPGGNK-—
FVLASTNREFPWRLRANLPGLNWNDGGDPDDRVSGRWDAEGVYVHTTKCSNGTPSEKHRVVSPPQSWV-— ——HVWDWYPEMQCHOMGSKRLPR
FVLASTNREFPWRLRANLPGLNWNDGGDPDDRVSGRWDAEGVYVHTTKCSNGTPSEKHRVVSPPQSWVGGATKYSSRGSHVWDWYPEMQYHQMGSKRLPR

ko k ek s Kkkk sk Sokkkks ks s sk IR

FALQTTNRDYADLQRANLHNVQWKTVPRPDDRVGAEMESDFIEKFEATCSNGAKSWKYAITTTPVGDKGGATKYSSRGSHVWKLQEKFYTNR2GKKVILP

1110 1120 1130 1140 1150 1160 1170 1180 1190 1200

| | | | | | | | | |
KDLED---DPLFPLALTATPSWMDATVAGDGSLGEGIFSLAFCDFTSSELDWEINILARPRWRDG-TGAVVHGAFPVARKKKERKGQYT-LDMTEKSLKD
KDLED---DPLFPLALTATPAWMDATVAGDGSLREGIFSLAVCDFTPRELDWFINILARPRWRDG-TDTVVHGAFPVARRKKGRKGQYT-LDMTEKSLKD
KDLED---DPLFPLALTATPSWMDAIVAGDGSLREGIFSLAVCDFTPRELDWFINILARPRWRDG-TGAVVHGAFPVARKKKGREDQYT-LDMTEKSLKD
QONLED---DPLFPLALTATPSWMDAIVAGDGSLREGIFSLAFCDFTPRELDWEINILARPRWRDG-TGAVVHGAFPVERKKKGRKGQYT-LDMTEKSLED
QNLEK---DPLFPLALTATPSWMDATVAGDGSLGEGIFSLAFCDFTSSELDWFINILARPRWRDG-TDTVVHGAFPVVRKKTGRKGQYT-LDMTEKSLKD
KDLEK---DPLFPLALTATPAWMDAIVAGDGSLGEGIFRLAFCDFTPRELDWFINILARPRWRDG-TDTVVHGAFPVVRKKTGRKGQYTTLDMTEKSLKD
SYVDDPLDREFMMSALTATPAAIDGLVVGDTTCDDTRVQHHLNDFTVREHEFISEWLGRVFWRDGTTGEI THGGFPVRR-RHTRNDEHL-LEMYSDILEE
SYVDDPLDREFMMSALTATPAAIDGLVVGDTTCDDTRVLHHLNDFTVREHEFISEWLGRDFWRDGTTGEI THGGFPVRR- KHIRKDQHV LEMYSDILEE

kokkkkk s ek Kk kK . kkk K .k k kkkk ks akk kkk k.

KDLEDPLDDPLFPLALTATPZWMDAZVAGDGSLZEGIFSLAFCDFTPRELDWFINILARPRWRDGTTGZVVHGAFPVARKKKGRKGQYTTLDMTEKSLKD

1210 1220 1230 1240 1250 1260 1270 1280 1290 1300

| | | | | | | | | |
AEYAPRFGCGIRTHGIRVKEFIYTAALPVTRAYPHKGVFFPDNDLCSAAGAWRSRGESFTQIIVDG-VIRGFSLEELOQAELLRATGLNFTAADLFGIISK
AGYAPRFGSGTRTHGIRVKEFIYTAALPVTRAYPHKGVFFPDNDLCSAAGAWRSRGESFTHIIVDG-VIRGFSLEELQAELLRATGLNFTDENLFGIITM
ARYAPRFGCGIRTHGIRVKEFIYTAALPVTRAYPHKGVFFPDNDLYIAGGAWRSRGESFTQIIVDG-VIRRFSLEEMOAELLRATGLNFTAKSLEGIITK
AGYAPRFGCGIRTHGIRVKEFTHTAALPVTRAYPHKGVFFLDNDLYSAALAWRSRGESFTQIIVDG-VIRGFSLEELOQAELLRATGLNFTAADLEGIITK
AEYAPRFGCGTRTHGIRVKEFIYTAALPVTRAYPHKGVFFPDNDLCSAAGAWRSRGESFTHIIVDG-VIRGFSLEELQAELLRATGLNFTAADLFGIISK
AGYAPRFGCGIRTHGIRVKEFIDTAALPVTRAYPHKGVFFPDNDLYSAAGAWRSRGESFTQIIVDG-VIRGFSLEELOQAELLRATGLNFTAADLFGIISK
NGYLALHSSTVRTHRNRLVDLLLTAPRALVLAYAHKVACVEDIDWMKRADEWRASGASYDHIVRELYLIRVFSFEEIQEAVQKHTKMLFDRRFLY -—
NGYLALHSSTVRTHRNRLVDLLLTEPRALVLAYAHKVACVEDIDWVKRADEWRASGASYDHIVRELYLIRVFSFEEIQEAVQKHTKMLFARQTLY——

KAk kg s R T B P P LKA KA AALE * *

AGYAPRFGCGIRTHGIRVKEFIYTAALPVTRAYPHKGVFFPDNDLZSAAGAWRSRGESFTZIIVDGYVIRGFSLEELQAELLRATGLNFTAADLFGII2K

1310 1320 1330 1340 1350 1360 1370 1380 1390 1400

| | | | | | | | | |
PLLPPGESSGRKKELGKHHGLGLPFPPRRTCDKTGNADHVKHTMHDVNAANVIIGIVRKGHEHAVLHGGLACGGEDSVKHF IKMRGAMYEEYGY IFDAKQ
PRLPPGESSGRKKELGKHHGLGLPFPPRRTCDKTGNSDHVKHTIHDVNAANVIIGIVRTGGRNAVLHGGLACGGEDSVKHF IKMRGAMYEEYGY IFDAKQ
PLLPPGDSSGRKKELGKHHGLGLPFPPRRTCDKTGNADRVKHTMHDVNAANVIIGIVRKGHEHAVLHGGLACGGEDSVKHF IKMRGAMYEESGY ITDAKQ
PLLPPGESSGRKKVLGKQYGLGLPFPPRRTCDKTGNADRVKHTIHDVNAANVIIGIVRKGHEHAVLHGGLACGGEDSVKHF IKMRGAMYEEYGY IFDAKQ
PLLPPGESSGRKKELGKHHGLGLPFPPRRTCDKTGNADHVKHTMHDVNAANVIIGIVRKGHEHAVLHGGLACGGEDSVKHF IKMRGAMYEEYGY IFDAKQ
PLLPPGESSGRKKVLGEHHGLGLPFPPRRTCDKTGNADRVKHTIHDVNAANVIIGIVRKGHEHAVLHGGLACGGEDSVKHFIKMRGAMYEEYGY IFDAKQ
———————————— EKLGS---LGLVRPAHRTCEKTGNDERTKLNRCNVRDVNVVIQKVREGGNDAVSFGGLDEGGEASIQHWLKWIAPVFERQGYVIDHKR
———————————— EKLGS———LGLVRPAHRTCEKTGNDERTKLNRCNVRDVNVVIQKVREGGNDAVSFGGLDEGGEASIQHWLKWIAPVFERQGYVIDHKR

* ok dkkk ok ekkk.kkkk .. * kk ek kK K Kk KKk KKK gk ok e

PLLPPGESSGRKKELGKHHGLGLPFPPRRTCDKTGNADRVKHTZHDVNAANVIIGIVRKGHEHAVLHGGLACGGEDSVKHFIKMRGAMYEEYGYIFDAKQ

1410 1420 1430 1440 1450 1460 1470 1480 1490 1500

| | | | | | | | | |
GLCIFPGGTIDRDTTKLLTQEVLDAQORYHTGCVENGKFTAPELLPRRTDAQLKVQFAPLLEEKLEVRALIVKLQGWSRELRRPASSNKARTYFIYTDP—
GLCIFPGGTIDRDTTKLLTQEVLDAQERYHKGCVENGKFTPPELLPHRTDAQLKVQFAPLLEEKLEVRALIVKLQGWRMELRRTASSNWARSYFIYTDPG
GLCIFPGGTIDRDTTKLLTQEVLDAQORYHKGCVENGKFTPPELLPHRTDAQLKVQFAPLLEEKLEVRALIVKLOQGWRMELRRTASSNRARSYFIYTDP-
GLCIFPGGTIDRDTTKLLTQEVLDAQERYHTGCVENGKFTPPELLPHRTDAQLKVQFAPLLEEKLRLSALIVKLQGWRMELRRTASSNRARSYFIYTDP—
GLCIFPGGTIDRDTTKLLTQEVLDAQORYHTGCVENGKFTAPELLPRRTDAQLKVQFAPLLEEKLRLSALIVKLOQGWRMELRRTASSNKARSYFIYTDP-
GLCIFPGGTIDRDTTKLLTQEVLDAQORYHKGCVENGKFTPPELLPHRTDAQLKVQFAPLLEEKLRLSALIVKLOGWRIELRRTASSNRARSYFIYTDP-
YRAIVPSGMIG--SKTDWTEEEIRDQELFVVHCKTFENNMPP-LLELPGEAEHREHFKNWISAPEKSDCAKLVSLPYWIRARRDTNTTKLGFQCTLPDG—
YRAIVPSGMIG--STTDWTEEEIRDQELFVVHCKTCENNMPP— LLELPGEAEHREHFKNWISAPEKSYCAKLVSLPYWIRVRRDTNISELGFQCTFPDG*

*k kK : Kok oL Ky * : * ok k TR : FE L*

GLCIFPGGTIDRDTTKLLTQEVLDAQZRYHZGCVENGKFTPPELLPHRTDAQLKVQFAPLLEEKLZ22ALIVKLQGWRMELRRTASSNZARSYFIYTDPG
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Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

Prim.cons.

Mipuc07g03770
Mipuc09g04130
Mipuc01g03710
Mipuc03g05030
Mipuc07g01720
Mipuc03g01960
Mipuc01g06560
Mipuc03g01120

1510 1520 1530 1540 1550 1560 1570 1580 1590 1600

| | | | | | | | | |
GTGTVKKET
TGTVKKETPDLNSAMKWIVVNQPENAQQLKDLLTKYQPEIKKQFERTATATATATATATVLIVKLOGWRME LRRTASSNQARSKYFIYTDPGTGTVKKET
GTGTVKKET
GTGTVKKET
GTGTVKKET
GTGTVKKET
TTKSTV

TGTVKKETPDLNSAMKWIVVNQPENAQQLKDLLTKYQPEIKKQFERTATATATATATATVLIVKLQGWRMELRRTASSNQARSKYFIYTDPGTGTVKKET

1610 1620 1630 1640 1650 1660 1670 1680 1690 1700

I I I I I I I I I |
RDLN SATIRW
RDLN SAIKW
PDLNR MAIKW
LDLN GMAIKW
RDLN RKAIKW

LDLNFAIKWITIANQPENAQQOLKDLLTKYQPEIAEQFKRTATATATATATATVLIVKLOGWRMELRRTASSNQARSYFIYTDPGTGTVKKETPDLNSATKW
BT m — ——m mm
FON

RDLN2AIKWIIANQPENAQQLKDLLTKYQPEIAEQFKRTATATATATATATVLIVKLOGWRMELRRTASSNQARSYFIYTDPGTGTVKKETPDL3SAIKW

1710 1720 1730 1740 1750 1760 1770 1780
| | | | | | |

IIANQPENAQKFKDSLTKYQPEIAEQFEWTATATATA-—-—-———-— TATATVPAGGAEGDGDDAEGARDEDETIALTQPKKKRKTKR
IVVNQPENAQKFKDSLTKYQPEIKKQFEWTATATATA-——————— TATVPVPAGGAEGDGDDAEGARDEDEIALTQSKKKRKTKR
IFANQPENAQQLEDLLTKYQPETIAEQFKRTATATVTASATATVTATATVPVPAGGAEGDGDDAEGARDEDEIALTQSKKKRKTKR
IIANQPENAQQLKDLLTKYQPEIKKQFEWTATATATA-—-————-— TATTTVPAGGAEGDGDDAEGARDEDETIALTQSKKKRKTKR
IIANQPENAQOLKDLLTKYQPEIAEQFEWTATATATA- —-TATATVPAGGAEGDGDDAEGARDEDEIALTQPKKKRKTKR
IIANQPENAQKFKDSLTKYQPEIKKQFEWTATATATA-——————-— TATATVPAGGAEGDGDDAEGARDEDETIALTQPKKKRKTKR

VKRALREFVRSEKYPN EYVQEAQQLGLRGQ-------—

VQRALHFVRSKKYPN EYVQOEAQQLGLRGQ--—--—-—
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Figure S10. Phase distribution of Introner Elements, BOC1 and canonical introns.
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Mipur01ill
Mipurl16i00
Mipur02i00
Mipur07i02
Mipur09i02
Mipur(05i00
Mipur01lill
Mipur01ill
Mipur01ill
Mipurld4i0o0
Mipur01ill
Mipur01ill
Mipur02i00
Mipurl6iOO0
Mipurl6i00
Mipur09i02
Mipur01ilQ
Mipurl4i0o0
Mipurl6i0O0
Mipur09i02
Mipur04i01
Mipur03i03
Mipur(08i01l
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3’ ccgUCCAUUCAua b’ Ul snRNA
gacacaaccgGTGAGTTTATT—-—-—-- TTAATCT---T=-=-=--TG-—---TATGGACAATTAGACTGACGTG-=--GTTTTTTT===—=—— TAACAGgtccttactt
gegtacctegGTGAGTTTATT————— TTAATTTTTGT----TGC-—---TATGCACAATTTGACTGACGTG---GTTTTTTT--TTA---ACAGcceccgeteat
gtacaacacgGTGAGTTTATTTACACTTAATCT-==-T====TG=-=--=-TATGCACAATTAGTCTGACGTG==-=-GTTTTTTA-===-~ AAACAGgaagcgtacg
gtaccggacgGTTCGTTTATT-———- TTAATCT===T====TG====TATGGGCAATTAGACTGACGTG=-=GTTTTTTT--TTA---ACAGgaaccggega
tcgagttgagGTGAGTTTATT—-——— TTTATTT---T----CG----TATGGGCAATTAGACTGACGTG---GTTTTTTG--TTT---ACAGggcgtacaaa
ctctgtacagGTGAGTTTATT—==—— TTTATTT===T====CC=-===TATGGCGCAATTCGACTGACGTG---CTTTTTTG--TTA---ACAGgttccececece
ggtcatggtgGTGAGTTTATT---—~ TTAATCT-=--TCGTACG==-=-TATGGGCAATTAGACTGACGTG=-=GTTTTTTT--GTTA--ACAGgggttaccgy
cgactcgccgGTGAGTTTATT————— TTCATTT---TCGTATG----TATGGGCAATTTGTATGACGTG---GTTTTTTT--TTA---ACAGggCcggaggey
acgcaacgcgGTACGTTTATT——-—-— TTAATCT---TTGTAACATCTTATGCTCAATTAGAATGACGTG---GTTTTTTA--TTT---ACAGgtgcgegtgg
tegtgegecagGTGAGTTCATTGTAGTTTAATCT-==-T====TG=-=-=-=-TATGCGCAAATCGACTGACGTG==-=GTTTTTCA=-===—~ AAACAGgtacccgtcec
cgcggaatecgGTGAGTTTATT————— TTAATCT---TTGTATG----TATGGCGCAATTTGTATGACATG--TGTTTTTTT--TAAA--ACAGgatcgaaaaqg
ggcgcggctgGTGAGTTTATTTT-—-TTTATTT---TCGTATG--—-TATGGGCAATTAGTATGACGTG-——— -~ TTTTT--TTAAAAACAGGacccggegy
gggcgacaagGTGAGTTTATT————~ TTAATCATCATATCCCG----TATGGGTAATTAGAATGACGTG-~-~-GTTTTTTTTTTTT---ACAGGttgaggagg
tcggcgattgGTIGCGTTTATT————~ TTCATTT===T====CG====TATGGCGCAATTTGACTGACGTG=-=GTTTTTTG--TGTACTACAGgacccggatyg
agaagctacgGTGCGTTTATTT--==TTTATCC----CTTCTG----CATGGGCAATTAGAATGATGTG---GTTTTTTTTGTTTACCACAGGgggcatgat
gcggecaactgGTGAGTTTATT===== TTAATCT-==-T====TGC==-=-=-TATAGGCAATTTGACTGACGTG-ACGTCGTTTTTTATTC---TCAGgcaacgcgac
aatgatccggGTGAGTTTAT [ =———~ TTCATTT---T----CG----TATGGGCAATTAGAGTGACGTG---GTTTTGTT--TTAA--ACAGgaggaggatt
ctcgtgaacgGTGAGTTTATT-———- TTCATTT---T----CG----TATGGGCAATTAAAATGACGTG---GCTTTTTA-————~ AAACAGggtacgcegt
gtcgtcacecgGTGAGTTTATT——-—-— TTCATTT---T----CC—---TGTGGCGCAATTAGAATGACGCTG---GTTTTTTT----—— CAACAGgcatgacgcc
gacgcacgagGTGAGTTTATT—==== TTCATTT---ATTTTCG=-=---TATGGGCAATTAGAATGACGTG==-=-GTTTTTTT======== TTAGgacgccttce
gecgacctgagGTGAGTTTATT——-——— TTAATCT---T----CGC—-—-—--TATGGCGCAAGCGGACTGACGTGTTTATTTTCTACCTTCGTAACAGggatcactet
atgttcacegGTCGAGTTTAT ——-—-—- TTAATCT---T----TGC----CGTGCGGCGATTCGTCTGACCGTG---GTTTTTTG--TTGTACACAGgecgccgagce
tggcacgcggGTGCGTTCTTT————~ TTTTTGT=-=--TTTTTCG----TATGGGCAATGAGACTGACGTGTACGTGTTTTG--TTT---ACAGggatggtcge

3’ uAUGAU”Gug 5’ branchpoint

Figure S11. Alignment of typical IE-C sequences, flanked by their exonic regions (grey). Base-pairing
information regarding the donor site (U1 snRNA) and the branch-point (U2 snRNA) is also provided.
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Figure S12. Positioning of Introner Elements, BOC1 and canonical introns inside genes
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a)

b)

CCMP1545: scaffold_14 (384641..384976)
Metagenomic read: CAM_READ 0212050959 (CAMERA accession)

CCMP1545 GCGGCTGCTGCAGTACGCGTTCAGCGCGTTCAGCGCGTGCGACCGGTTCTGCGCCGTCGCGAGCGAGGACGACAAGGCGACGCTGCTGG
FEEErrrrrrr e rr e e e e e e e v e et rr e e e e et
Metagenome GCGGCTGCTGCAGTACGCGTTCAGCGCGTTCAGCGCGTGCGACGGGTTCTGCGCGGTGGCGAGCGAGGACGACAAGGCGACGTTGCTGG

ACGCATTTTTTCGAGCCGATGCGGCGGGCGGCGGCGAGAGCGCCGCCGCTCCGGCGTCGCG— - === == ===~ =~~~ ————————————————————————

FEerr rrrrrr e e e e e e e e ol
ACGCA-TTTTTCGAGCCGATGCGGCGGGCGGCGGCGAGAGCGCCGCCGCTCCGGAGGCGAGGTGCGTTTTATCTCACACTGGTTCCCATACGACGGCGTT

IE-Al PAP
CGCGTGGTGAACGCCGATCCTTAAGGACTTTGCCCGGCGCATCTCTCCGCCCACACCTCGCTTTCAATCCCCGACCTCGACGCCTTTCAACTCCATCTGA

—————————————————————————————————— GACGAAGAGATATGTCGGACGCGCGTCGGACGAACCTCGCGACGAAAAGCCGCCGTCGGTGGGACG

FEEEEEEErrr et e e e e e e e e e e e e et e
CGCCTTTCAACTCCACCCCGACATCGCTTCGTAGGACGAAGAGATATGTCGGACGCGCGTCGGACGAACCTCGCGACGAAGAGCCGTCGTCGGTGGGACG

AGCACGAGGGGTTCGGCCCGCAGCGTGGATCGAGGCCGACGTCCGAGCACGACGTCGTCGTGAAGGGATTGATCGGGTTGGGGTTGGAGGAGCCGTGGAG

FEEEEErrrrrrrrrrrrrrrr et e e e e e e e e e e e e e e e e e e e e e e e e e e
AGCACGAGGGGTTCGGCCCGCAGCGTGGATCGAGGCCGACGTCCGAGCACGACGTCGTCGTGAAGGGATTGATCGGGTT-GGGTTGGAGGAGCCGTGGAG

TTCGTGGGA

[AERERRE
TTCGTGGGA

CCMP1545: scaffold_01 (251138..251395)
Metagenomic read: CAM_READ 0212289655 (CAMERA accession)

CCMP1545 CGGCGAGCGGCTGAGCGAGCTCGACCCGGACACGTTCGAGTTCGAGGCGAGGAAAATTCTCAG-—————————————————————————

FEerrrrrer e rrrrrrrr e e e e e e e e e e
Metagenome CGGCGAGCGGTTGGGCGAGCTCGACCCGGACACGTTCGAGTTCGAGGCGAGGAAAATTCTCAGGTGCGGTCGACGCGAAACAAACGTCG

___________________________________________________________________________________________ CGGCCTCGG
IE-A2 PAP TR
CCGCACCGCTCGGATTCAACATTTGATCGCGTGGGTCCCTTTCAACTGACCGGTGTACTATCCTATTTTTGTACGGAACGCCCCTCATCAGCGGCCTCGG

GTTTTCGAGCGCCACGGTGCCGATGGAACGCGCGACGAAGGACATGTCCGGCGGGTGGCGCATGCGCGTCTCGCTCGCGAAGGCGCTGTTCGCCGCGCCG
b rrrrr e rrrrrrr e rr e e e e e e e e e e e e e e e e e e P e e
G-TTTCCAGCGCCACCGTGCCGATGGAACGCGCGACGAAGGACATGTCCGGCGGGTGGCGCATGCGCGTCTCGCTCGCGAAAGCGCTGTTCGCCGCGCCG

ACGCTGCTGCTTCTGGACGAGCCGACGAACCATCTCGACCTCGAGGCGTGCGTGTGGCTCGAAGAACATCTGTCGCGGTATAAAAA-

FEErrrrr et e e e e e e e e e e e e e e e e e e e e e e e
ACGCTGCTGCTTCTGGACGAGCCGACGAACCATCTCGACCTCGAGGCGTGCGTGTGGCTCGAAGAACATCTGTCGCGGTATAAGAAG

CCMP1545: scaffold_14 (643394..644184)
Metagenomic read: AACY020815663 (GenBank Accession)

CCMP1545 GTCGAGTTCCGAACATGGGCGACCTCGCGGACGTCAGCGAGCTCCTCACGAGCAAAGGTTACGGCAGCGACCACAGCGACAGCGAGGGC
FErrrrrrrrrrrrrrrrrrrrr e e e rrr e e et e et e e e e e e e e e e
Metagenome GTCGAGTTCCGAACATGGGCGACCTCGCGGACGTCAGCGAGCTCCTCACGAGCAAAGGTTACGGCAGCGACCACAGCGACAGCGAGGGC

GAACGCGCGCGTGGACTTGACGCAAGATTACAACCGTGTCGCGCGCGAAGGAACGCGGTCGCGGATCATCCTGCAGGAGATTGGCCCGCGGATGGAGCTC
PEEEErrrrrrrrrrerrer e e e e e e e rer e e e e e e e e e e e e e e e e e e e e e e e e
GAACGCGCGCGTGGACTTGACGCAAGAT TACAACCGCGTCGCGCGCGAAGGAACGCGGTCGCGGATCATCCTGCAGGAGATTGGCCCGCGGATGGAGCTC

GAGCTCGTGAAGGTGGAGGAGGGGATGTGCGAGGGGCGGGTGTTGTATCACGCGTACGTGAAGAAGACGGAGGAGGAGGTGTTGGAG———————-———-———
FEEEEErrrrrrrrrr e et e e et e e e e e e e e e e e e e e e e e e e e e e e e e
GAGCTCGTGAAGGTGGAGGAGGGGATGTGCGAGGGGCGGGTGTTGTATCACGCGTACGTGAAGAAGACGGAGGAGGAGGTGTTGGAGGTGAGACTGCTTC

IE-A3 PAP
CCATACGACCCCGTTCGCGTGGTGCACGCCGTTCCTTGAGGACTTTTCCCGTCGTCACTCTTCACCCGCGCTTCCCTTTCAACGTTTGACCGGTAAGACG

—————————————————————————————— CTGGAGAATAAGGCGGTGACGAAGGAGGCGCTGCGGAAGCGACGGAGGGAGGAACAGGAGGCGAACGTGC

FErrrrrrrrrrrrrrrrrrerrrrrrr e et e e e e e
TTCGACTGACCGATCGCTTCACCCACGCAGTTGGAGAATAAGGCGGTGACGAAGGAGGCGCTGCGGAAGCGACGGAGGGAGGAACAGGAGGCGAACGTGC

GGAGGAAGGAGAGAGAGGCGAAGGAGAAGGCGGCGATGGAGGAAGAACTCGCGGGGATGAAGAAGAGGAAGCGCGATAATAAATCCGCCCGGGATAAGCT

Frerrrrrrrrrrrrrrrrrrrrrrrrrr e rrr e rrr e e e e e e e e e e e e e e
GGAGGAAGGAGAGAGAGGCGAAGGAGAAGGCGGCGATGGAGGAAGAACTCGCGGGGATGAAGAAGAGGAAGCGCGATAATAAATCCGCCCGGGATAAGCT

Figure S13. Presence/absence polymorphisms in Micromonas: IE-Al PAP (a), IE-A2 PAP (b), IE-A3
PAP (c), and two IE-C PAPs (d).
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d)

CGACGAGAACGGACGGAAGAAAAAGAAGGGGGCGAGCGGCGCGGAGAAGAGACGCGACGGCGGCGACGACGACGAGGCGCCGTTTAAGCGCGGTCGAAAG

FEEEEEEErrrr e e e e e e e rer e e e e e e e e e e e e e e e e e e e e e e e e e
CGACGAGAACGGACGGAAGAAARAAGAAGGGGCCGAGCGGCGCGGAGAAGAGACGCGACGGCGGCGACGACGACGAGGCGCCGTTTAAGCGCGGTCGARAG

AGTCAGTACAAGGACAGGGAAG-——————————————-——— GCGGCGGCGGCGGCGGAAGCGGCGGCGGCGGGAAGAAATCGCCGGCGGGGACGAAGGGCA

FEEETEEr e FEEErrrr e e e e e e e e e
AGTCAGTACAAGGACAGGGAAGGCGGCGGCGGCGGCGGAAGCGGCGGCGGCGGCGGAAGCGGCGGCGGCGGGAAGAAATCGCCGGCGGGGACGAAGGGCA

AGGACAAGAACAAGCGCCCGGGGAAGGGTGCGCGCGCGAAGAGGAAGTAGAGACACACGCTCGGCCACGCGGTACGCGCGACGTCTCGCGTCTCGCTCGC

Frerrrrrrrrr e e e e e e e e e e e e e e e e e e e e e e e e e
AGGACAAGAACAAGCGCCCGGGGAAGGGTGCGCGCGCGAAGAGGAAGTAGAGACACACGCTCGGCCACGCGGTACGCGCGACGTCTCGCGTCTCGCTCGC

GTCTTCAAAAGTTGTCGGGATTGTACATCCGCATCGCCCCCGTCCGGAGCAA

FECEEEEEr e e e e e e e e e e e
GTCTTCAAAAGTTGTCGGGATTGTACATCCGCATCGCCCCCGTCCGGAGCAA

RCC299: chrom_06 (160647..160930)
Metagenomic read: CCMP1764 READ_ 00758094 (CAMERA accession)

RCC299 CTCATCGACGTTCGGTGGGATCGGTGGCGAACCGACGCCGCGGGACGGTACCTGGTCAGCCCGCGCGTCGTGTCGCACCTCGCCAACTG
FEEEEErrrrrrr e e e e e e e e e et et e e e e
Metagenome CTCATCGACGTTCGGTGGGATCGGTGGCGAACCGACGCCGCGGGACGGTACCTGGTCA-CCCACGCGTCGTGTCGCACCTCGCCAACTG

CCACCCGCGGGCTGAGTTCGGGCAGGTGATTCTTTGCATTTTAATCTTTGCATCATGGGCAATCAGAT TGACGTGGTTTTTTATTCGCAGGCTGTGCGGC
FEEEEEERrrr e RN IE-C PAP [ERERRREN
TCACCCGCGGGCTGAGCGTCGGC AR — = = = == = = = = = = m ACTGTGCGGC

GCCCGAGCCGTCGCCGTCGTCGACGAGAC G == = = = = = = = = = = = = — o GCGTACGTCGTG
PP rrr e el IE-C PAP [REERRREERRE
GCTCGAGCCGTCGCCGTCGTCGACGAGACGGTGAGT TTATTTGT TATTTCGTATGGGCAAT TAGTTTGACATCGTGTTTTGTTCACAGGCGTACGTCGTG

TCGGAGATGTCCAACTCCCTCTCCGTCGTCGTCCTCCCGGCG

FEorrrrrrrr trrrrr e e rrr e e ol
TCCGAGATGTCAAACTCCCTCTCCGTCGTCGTCGTCCCCGCG
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Mapping of Environmental Reads
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Figure S14. Mapping identities for environmental sequences. Yellow dots indicate alignments showing
PAPs.
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Figure S15. Introner Element replication mechanism.
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Mipuc05i01435: IE-Al + IE-Al
GCGCGTTCTGACTGGTCCCCATACGACCGCGTTCGCGTGGTGAACGCCGATCCTTAAGGACTTTTGC
CGTCCTCTCTCCCCGCCCACCCCTTCCTTTCAATCCCCGCCCGCGACGCCTTTCAACTCCTTTCAAC
TCCTCACGCCGGTCCCCGTACGACCCCGTCGGCGCGGTGCACGCCGTTCCTTAAGGACTTTCTCTCC
CGGCGTGCGTTCGTCTCTCTCCGCCCAGGGTCCTTCGGTTCCAATCCCGACGCGCCTCGACGCCTTT
CAACTCCAACAACTGACGCCTTTCAACTTCACCCCGACGCCTTTCAACTTCACCCCCGTCAG

Mipuc02i02490: IE-Al + IE-A2
GCGCGTTCTTCCTCACCGCGCCGGTCCCCGCGCTGACCGGTCCCCGCGCTGACTGGTCCCCGTACGA
CCGCGTTCGCGTCGTGAACTTCATTCCTCAAGGACTTTCGGCCGATCCTCGCGGACGGACTTCGLCCC
GCCCGGCGCGTCTCTCCGCGCACCCCTCGCCGCTTTCGATCCCCCCGACGCGCCTACGCGACGCCTT
TCGACTCCATCTGACGCGCCCTTGAACTCCACCCCGACGCGCTTCGCTTCGCTTCGCTTCGCGCGGA
CCCTCCCTCGACCCTCAGGTGCGTTCTATACAAAAGTTTTTCACCCACCGCTCGGTATCAACATTTG
ATCGCGTGGGTCCTTTTCAACTGACCGGTGAACTATTTTTGTATGGAACGACCCTCAG

Mipuc16i00710: IE-Al + IE-A3
GCGCGTTCTGTCTCATCACACTGGTCCCCGTACGACCGCGTTGGCGCGGTGAACGCCGTTCCTTAAG
GACTTTGCCCGCCCGCGTGCGTTTCTCTCCGCCCACACCACGGTTTCAATCCCGACAACACACCGCG
ATGCCTTTCAACTTCAACCGACGCCTTTCAACTCCACCCCGACGTTCATAACTACCCTAAACCCCGT
TCGCGTGGTGAACGCCGTTCCTTAAGGACTTTTCCCGTCGTCACTCTTCACCCGCGCTTCCCTTTCA
ACGTTTGACCGGTAAGACGTTCGACTGACCGATCGCTTCACCCACGCAGGCTCGCGTCGCTCTCCGC
GACGTCGAAG

Mipuc12i00190: IE-A? + IE-Al
GCGCGTTTGGGGCTGACTGGTCCCCATACGACCGCGTTCGCGTGGTGAACGCCGATCCTTAAGGACT
TTACTTCCCGGCCGCCTCCGCCTCCGTCCTATCATCACGCCGGTCCCCGTGCGACTCAGTCGGCGCG
GTGAACGCCGTTCCTCGAGGACTTTGCCCCCCGCTCGCGTTTCTCTCCGCCCATCGCCCCTCGGTTT
TAATCCCGACGCACCGCGACGCCTCGCGACTTCATCTGACACCCCCTGAACGCCACCCACCCCGACG
TCACCTCGTATGGAAAACGACCCTCAG

Figure S16. Examples of merged Introner Elements. Due to loss of internal splice structures when
merging, it is hard to exactly delineate borders.
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CCMP1545: scaffold_14; 341989..343470
Metagenomic read: AACY02323272 (GenBank Accession)

CCMP1545 CGACGCGCGCGTGGCTGCGTCGACTCGTGGACCCGACGTCCTCGCTTCA

Lerrrerrrrrrrrrerrrrerrrr e e et e r e
Metagenome CGACGCGCGCGTGGCTGCGTCGACTCGTGGACCCGACGTCCTCGCTTCA

CGCGAACGGCGCGAATTTCCTCGAACACTATCACGCGCTCGTCGACCGCGTCGACGTCGA

LErrrerrrrerererrerrrerrrrerrrrer e et et et e

CGCGAACGGCGCGAATTTCCTCGAACACTATCACGCGCTCGTCGACCGCGTCGACGTCGA
Pre-existing IE-Al

CGTCGAGACGCTGAGGCGCGTTCTGACTGGTCCCCATACGACCGCGTTCGCGTGGTGAAC

PETEEEE et ettt
CGTCGAGACGCTGAGGCGCGTTCTGA—————————————————————————

GCCGATCCTTAAGGACTTTTGCCGTCCTCTCTCCCCGCCCACCCCTTCCTTTCAATCCCC
IE-A]1 Insertion

GCCCGCGACGCCTTTCAACTCCTTTCA-ACTCCTCACGCCGGTCCCCGTACGACCCCGTC

LI T PETEEEE Tt
——————————————————————— TTCACACT-----—----GGTCCCCATACGACCCCGTC

GGCGCGGTGCACGCCGTTCCTTAAGGACTTTCTCTCCCGG-———-CGTGCGTTCGTCTCTC

e et et rrrrrrrrrrrrrr e ERERRRRRRRRRRRN
GGCGTGGTGAACTTCATTCCTTAAGGACTTTCTCTCCCGGCGTTCGTTCGTTCGTCTCTC

TCCGCCCAGGGTCCTTCGGTTCCAATCCCGACGCGCCTCGACGCCTTTCAACTCCAACAA

Lot rerrrr o rrrrr e et e e e
TGCGCCCAGGGTCCCTCGGTTTCGATCCCGACGCGCCTCGACGCCTTTCAACTCC-GCTT

CTGACGCCTTTCAACTTCACCCCGACGCCTTTCAACTTCACCCCCGTCAGCGCGTTGTAC

Lrrrrrrrrrrrerrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrrr
CTGACGCCTTTCAACTTCACCCCGACGCCTTTCAACTTCACCCCCGTCAGCGCGTTGTAC

CGCGACGTGAGCTGCGTGACCACCGCGCAGGGGGAGAAAGTCCGCGGCGGGAGAGACATC
Lerrrerrrreerrreerrrerrrerrrre e et et e e
CGCGACGTGAGCTGCGTGACCACCGCGCAGGGGGAGAAAGTCCGCGGCGGGAGAGACATC

TCCGCGCTCCTCGCGTCGCGCGCCGCCTCCGGCGCGGGCGCGCTGCGGCGGACCGTGCGE

ACGATCGACGCGCTGCCCGGCGGCGTCGACGGCGGCGTGACCGTGTTCGCGACCGGGACG

Lerrrerrrreerrreerrrerrrrerrrerrrr et et e e
ACGATCGACGCGCTGCCCGGCGGCGTCGACGGCGGCGTGACCGTGTTCGCGACCGGGACG

Figure S17. Examples of merged Introner Elements. Due to loss of internal splice structures when
merging, it is hard to exactly delineate borders.
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