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The repeats in SpTransformer sequences result in multiple but limited alternative alignments
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Figure S1 | The repeat-based alignment illustrates the elements for a representative set of deduced SpTrf protein sequences.
Figure S2 | The NJGT-PRANK alignment of representative deduced SpTrf protein sequences increases the number of gaps in the alignment.

Figure S3 | The MLGT-PRANK alignment of representative SpTrf protein sequences with a provided maximum likelihood guide tree results in
regions of misaligned sequence.

Figure S4 | The ClustalW alignment without manual correction includes a non-matching region of the deduced SpTrf proteins.
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A2--G DHPHRHHSKTGDJDODRPMFETRPFWVNPEFGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDT
G3--10 -4 DHDRPMFEMRPFREFNPEFGRKPFGDRPFGHRNGTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDV
G2--10 DHPHRHHSKTGDJDODRPMFETRPFWVNPEFGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRRRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDT
B2--10 DHPHRHHNKTGDHPQODRPMFEMRPFWVNPFGRKPFGDRPFGHRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDI
B3--2 DHPHRHHNKTGDEPODRPMFETRPFWVNPEFGRKPFGDRPFGHRNGTEEGSPRRDGHRRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAI--—-—-—
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D5--10 DHPHRHHNKTRDDODRPMFEMRPFREFNPFGRKPFGGRPFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDI
D6--4 DHPHRHHNKTRDGDODRPMFEMRPFWVNPFGRKPFGDRPFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDV
D6--10 DHPHRHHSKTGDJDODRPMFETRPFWVNPEGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDT
D7--2 DHPHRHHNKTRDDODRPMFEMRPFREFNPFGRKPFGGRPFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDI
E2--2 -—PHRHHNKTGDHDODRPMFEMRPFREFNPEFGRKPFGDRPFGRRNGTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP* - ———-———-—-——
E2--4 --PHRHENKTGDHPQODRPMFEMRPFREFNPFGRKPFGDRPFGRRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEYPTTESVTTSSPP*———---—-———-——
E2--10 -—PHRHHNKTGDHDODRPMFEMRPFREFNPEFGRKPFGDRPFGRRNGTEEGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTYSPP* - ———-—————-——
E2b-G --fPPHRHENKTGDHPQODRPMFEMRPFREFNPFGRKPFGDRPFGRRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEHPTTESVTTSSPP*———--————-——
E2--G -—PHRHHNKTGDHDODRPMFEMRPFREFNPEFGRKPFGDRPFGRRNGTEEGSPRRDGQRRPY GNRGRWGENESEEKEHPTTESVTTSSPP* - ——-—-———-—-——
E3--2 --fPHRHENKTGDHPQODRPMFEMRPFREFNPFGRKPFGDRPFGRRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEHPTTESVTTSSPP*———-—--—-———-——
E3--2 -—PHRHHNKTGDHDODRPMFEMRPFREFNPEFGRKPFGDRPFGRRNGTEEGSPRRDGOQRRPY GNRGRWGENESEEKEHPTTESVTTSSPP* - ——-—-——-—-——
E3--4 --fPHRHENKTGDHPQODRPMFEMRPFREFNPFGRKPFGDRPFGRRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEHPTTESVTTSSPP*———-—--—-———-——
E6--2 --PHRHENKTGDHPQODRPMFEMRPFREFNPFGRKPFGDRPFGRRNGTEEGSPRRDGOQRRPYGNRGRWGENESEEKEYPTTESVTTSSPP*———-—-—-—-———-——
E7--2 --lPPHREENKTGDHDODRPMFEMRPFREFNPFGRKPEFGDRPFGCHRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDI
E8--2 -—PHRHHSKTGDCPODRPMFETRPFWVNPFGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDT
E9--2 -—PHRHHNKTGDHDQODRPMFEMRPFREFNPEFGRKPFGDRPFGRRNGTEEGSPRRDGQRRPHCGNRGRWGENESEEKEHPTTESVTTYSPP* - ———-———-———
E10-4 -—PHRHHNKTGD{DODRPMFEMRPFRENPEGRKPFGDRPFGRRNGTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP* - ——-————-—-——
Fl1--2 DHPHRHHNKTGDRDODRPMFEMRPEFWVNPEGRKPFGDRPFGHRNGTEEGSPRRDGHRHEPYGNRGRWGENESEEKEHPTTESITTSSPPEVVEIAVNEEDV
01--2 DHPHRHHNKTRDJDODRPMFEMRPFREFNPFGRKPFGDRPFGRRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEHPTMESVTTSSPPEVVEIAINEVDT
01--4 DHPHRHHNKTRDDODRPMFEMRPEFREFNPFGRKPFGDRPFGHRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAIND---
01--10 DHPHRHHNKTRDGPODRPMFEMRPFREFNPFGRKPFGDRPFGRRNGTEEGSPRRDGORRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAIND--—
01--10 DHPHRHHNKTRDDODRPMFEMRPFRENPFGRKPFGDRPFGHRNGTEEGSPRRDGORRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAIND---
01--10 DHPHRHHNKTRDGPODRPMFEMRPFREFNPFGRKPFGDRPFGCRRNGTEEGSPRRDGORRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAIND-—-—
01--G DHPHRHHNKTRDDODRPMFEMRPFREFNPFGRKPFGDRPFGHRNGTEEGSPRRDGORRPHGNRGRWGENESEEKEHPTTESVTTSSPPDVVEIAI----—
08--2 DHPHRHHNKTRDDODRPMFEMRPFRENPEGRKPEFGDRPFGRRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEY PTTESVTTSSPP* - ———————-—-——
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Figure S1. The repeat-based alignment illustrates the elements for a representative set of deduced SpTrf
protein sequences. The deduced amino acid sequences encoded in the second exon of the SpTrf genes are shown.
The alignment was done manually in BioEdit (ver 7.2.5) based on a set of pre-aligned deduced sequences
according to Buckley and Smith (2007). The mature SpTrf proteins were deduced from the second exon of genes
sequenced from animals 2, 4, and 10 to which was added the SpTrf protein sequences from the sea urchin genome
(animal G) (1-3). The protein names are located to the left and indicate the element pattern (A-G) and the sea
urchin number or letter from which the sequence was obtained (2, 4, 10, G). The ruler above each alignment
indicates the aa position in the alignment. Dashes ( - ) indicate the insertion of artificial gaps in the alignment that
optimize matching sequences. Asterisks ( * ) indicate a stop codon. Element boarders are identified by vertical
black lines. The sequences are arranged in the alignment with the L proteins at the top, the 0 proteins at the
bottom, and the remaining S proteins in alphabetical order.
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—————— NGGPMGGRRFDGPGFGGSRPDGAGGRPFFGQGGRRGD
MDGRRONGGPMGGRRFDGPGFGGYRPDGAGGRPEFFGQGGRRGD
MDGRRONGGPMGGRRFDGPGEFGGYRPDGAGGRPFFGQGGRRGD
MDGTEKNGGPMGGRELDGPGFGGYRPDGGGGRPEFFGQGGRRGD
MDGRRONGGPMGGRRFDGPGEFGGHRPVGAGGRLEFGQGGRRGD
MDGRRONGGPMGGRRFDGPGFGGYRPVGAGGRPEFFGQGGRRGD
MDGRRONGGPMGGRRFDGPGEFGGHRPVGAGGRPVEGQGGRRGD
MDGRRONGGPMGGRRFDGPGFGGYRPDGAGGRPEFFGQGGRRGD
MDGRRONGGPMGGRRFDGPGEFGGYRPDGAGGRPFFGQGGRRGD
MDGRRONGGPMGGRRFDGPGFGGYRPDGAGGRPFFGQGGRRGD
MDGRRONGGPMGGRRFDGPGEFGGHRPDGAGGRPFFGQGGRRGD
MDGRRONGGPMGGRRFDGPGEFGGYRPDGAGGRPFFGQGGRRGD
PMEGRRONGGPMGGRREFDGPRFGGSRPDGAGGRPFFGQGGRRGD
DMDGRRONGGPMGGRREDGPRFGGYRPDGAGGRPEFFGQGGRRGD
PMEGRRONGGPMGGRREFDGPRFGGSRPDGAGGRPFFGQGGRRGD
DMDGRRONGGPMGGRREDGPRFGGYRPDGAGGRPEFFGQGGRRGD
PMEGRRONGGPMGGRREFDGPRFGGSRPDGAGGRPFFGQGGRRGD
—————————————————— GPGFGGYRPDGAGGRPFFGQGGRRGD
PMDGRRONGGPMGGRREDGPRFGGSRPDGAGGRPFFGQGGRRGD
PMEGRRONGGPMGGRREFDGPGFGGSRPDGAGGRPFFGPGGRRGD

————————————— GRRFDGPGFGAHEMDGRRONGGPMGGRRFDGPGFGGYRPVGAGGRPEFFGQGGRRGD

DMDGRRONGGPMGGRREDGPREGGSR
PDMDGRRONGGPMGGRREDGPREGGSR
DMDGRRONGGPMGGRREDGPREGGSR
PMGGPRONGGPMGGRREDGPGEFGGIR
FHIMDGRRONGGPMGGRREDGPGFGGIR
PDMDGRRONGGPMGGRREDGPREGGYR
DMDGRRONGGPMGGRREDGPGFGGYR
PDMDGRRONGGPMGGRREDGPGEFGGYR
DMDGRRONGGPMGGRREDGPREGGSR
PDMDGRRONGGPMGGRREDGPGEFGGYR
DMDGRRONGGPMGGRREDGPGFGGSR
PMDGRRONGGPMGGRREDGPREGGSR

PDGAGGRPFFGQGGRRGD
PDGAGGRPFFGQGGRRGD
PDGAGGRPFFGQGGRRGD
PDCAGGRPFFGEGGRRGD
PDGAGGRPFFGQGGRRGD
PDGAGGRPFFGQGGRRGD
PDGAGGRPFFGQGGRRGD
PDGAGGRPFFGQGGRRGD
PDGAGGRPFFGQGGRRDD
PDGAGGRPFFGQGGRRGD
PDGAGGRPFFGQGGRRGD
PDGAGGRPFFGQGGRRGD




Al--2
A2--G
G2--10
G3--10
B2--10
B3--2
B3--4
B3--10
B5--10
B6--10
B7--10
B8--10
B8--G
c2--4
C3--4
C4--G
C5--4
D1--2
D1--4
D1--10
D1--10
D1d-G
D1£f-G
Dly-G
D5--10
D6--4
D6--10
D7--2
E2--10
E2--2
E2--4
E2b-G
E2--G
E3--2
E3--2
E3--4
E6--2
E7--2
E8--2
E9--2
E10-4
Fl1--2
01--2
01--4
01--10
01--10
01--10
01--G
08--2

210 220 230

GEEETDAAQQIGDGLGGPGRCDGPGHGHYG
GEEETDAARQI----- GPGRFDGPGHGHYG
GEEETDAARQIGDGLGGPGRFDGPGHGHYG
GEEETDAARQIGDGLGGPGRFDGPGHGHYG
GEEETDAAQQIGDGLGGPGQFDGHGRRHHG
GEEETDAAQQIGDGLGGRGQFDGHGRRHEHHG
GEEETDAAQQIGDGLGGRGRFDGHGRRHHG
GEEETDAAQQIGDGLGGRGQFDGHGRRHEHHG
GEEETDAAQQIGDGLGGRGQFDGHGRRHHG
GEEETDAAQQIGDGLGGPGQFDGHGRRRHG
GEEETDAAQQIGDGLGGSDREFDGLRRGHHG
GEEETDAAQQIGDGLGGRGQFDGHGRRHHG
GEEETDASQQIGDGLGGRGQFDGHGRRHEHG
GEEETDAAQQIGDGLGGSDRFDGPRRGHHG
GEEETDAAQQIGDGLGGSDREFDGPRRGHHG
GEEETDAAQQIGDGLGGSDRFDGPRRGHHG
GEEETDAAQQIGDGLGGSDREFDGPRRGHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHEHHG
EEEETDAAQQIGDGLGGPGQFDGPGRRHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHEHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHEHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHEHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHEHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHHG
GEEETDDDQKMGDGPGGRGQFDGHGRGHHG
GEEETDAAQQIGDGLGGRDQFDGHGRGHHG
GKEETDAAPLIGDGLGGRGQFDGHGRGHHG
GEEETDAAQQIGDGLGGSGQFDGPRRGHHG
GEEETDAAQQIGDGLGGRGQFDGHGRGHHG
GEEETDAAQQIGDGLGGSGQFDGPRRGHHG
GEEETDAAQOMGDGLGGRGQFDGPRRGHHG
GEEETDAALLIGDVLGGRGQFDGPRRGHHG
GEEETDAAQQIGDGLGGRGQFDGHGRGHHG
GKEETDAAQQIGDGLGGRGQFDGHGRGHHG
GEEETDAAQQIGDGPGGRGQFDGHGRGHHG
GEEETDAAQQIGDGPGGRGQFDGHGRGHHG
GEEETDAARQIGDGLGGPGQFDGPRRGHHG
GEEETDAAQQIGDGLGGRGQFDGHGRRHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHEHHGH
GEEETDAAQQIGDGLGGPGQFDGPGRRHHG
GEEETDAAQQIGDGLGGPGQFDGPGRRHEHHGH
GEEETDAAQQIGDGLGGPGQFDGPGRRHH-
GEEETDAAQQIGDGLGGPGQFDGPGRRHHGH

240 250 260
B I A I 8
QGAGRPFFGNPPPFNPEQ-—---- EP--H
QGAGRPFFGNPPPFNPEQ-—-—--- EP-|-
QGAGRPFFGNPPPFNPEQ-—-—--- EP-}-

ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRSEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODQAEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQ
ODRPEEQPFGQR

GEEETDAAQQIGDGLGGPGQFDGPGRRHHGH

270

DNSEEDGRHHRHHL
DSSEEDGRHHRHHL
DSSEEDGRHHRHHL
DSSEEDGRHHRHHL
YSNEEDGRPHPH-
YSNEEDGRPHPH-
ERNEEDGRPHPH-
YSNEEDGRPHPH-
ERNEEDSRPHPH-
ESSEEDGRPHPH-H
ESSEEDGRPHPH-H
ERNEEDSRPHPH -
ERNEEDGRPHPH -
YSSEEDGRPHPH-
YSSEEDGRPHPH-
ESSEEDGRPHPHHA
YSSEEDGRPHPH-
ESSEEDGRPHPH-
ESSEEDGRPHPH-H
ESSEEDGRPHPH-
ESSEEDGRPHPH-H
KSSEEDGRPHPH-
ESSEEDGRPHPH-H
ESSEEDGRPHPH-
ESSEEDGRPHPH-H
ESSEEDGRPHPH-
ESSEEDGRPHPH-H
ESSEEDGRPHPH-
ESSDEDGRPHP--H
ESSDEDGRPHP--+
ESSDEDGRPHP--H
ESSDEDGRPHP--+
ESSDEDGRPHP--H
ESSDEDGRPHP--+
ESSDEDGRPHP--H
ESSDEDGRPHP--+
ESSDEDGRPHP--+
ESSDEDGRPHP--H
ESSDEDGRPHP--
ESSDEDGRPHP--H
ESSDEDGRPHPRHA
ERNEEDGRPHPH -

280

P
RHHAHHGHHG

RHHAHHGHHG

RHHAHHGHHG
RHHAHHGHHG
----HHGHHG---HHGH---H--H
----HHGHHG---HHGH---H--H
----HHGHHG---HHGH---H--H
- ---HHGHHG---HHGH---H--H
----HHRHHG---HHDH---H--H
- - - —HHRHHD
- - --HHRHHDHHD---R---H--H
----HHRHHG---HHDH---H--H
----HHGHHG---HQGH---H--H
----HHRHHGHH----R---H--H
----HHRHHGHH----R---H--H

290 300
R A I
—————— H---HEHH
—————— H---HEHH
—————— H---HEHH
—————— H---HEHH

- ~-HGHHRHHR--—--— H---H--H
- -—-HHRHHGHH----R---H--H
- -—-HHRHHG-----— H---H--H
- -—-HHRHHG------ H---H--H
- -—-HHRHHG-----— H---H--H
- -—-HHRHHG------ H---H--H
-~ —-HHRDHG--—-~-~ H---H--H
- -—-HHRHHG------ H---H--H
- -—-HHRHHG-----— H---H--H
- -—-HHRHHG------ H---H--H
- -~ —-HHRHHG--—-~-~ H---H--H
- -—-HHRHHG------ H---H--H
- -~ —-HHRHHG--—-~-~ H---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
—————— RHHG------R---H--H
--—-HH---—--——- GH---H--H




Al--2
A2--G
G2--10
G3--10
B2--10
B3--2
B3--4
B3--10
B5--10
B6--10
B7--10
B8--10
B8--G
c2--4
C3--4
C4--G
C5--4
D1--2
D1--4
D1--10
D1--10
D1d-G
D1f-G
Dly-G
D5--10
D6--4
D6--10
D7--2
E2--2
E2--4
E2--10
E2b-G
E2--G
E3--2
E3--2
E3--4
E6--2
E7--2
E8--2
E9--2
E10-4
Fl1--2
01--2
01--4
01--10
01--10
01--10
01--G
08--2

QTEGHQ
QTEGHQ

[CHSETGDO
CHNETGD

IDT
IDT]
IDT]

RPEFRENH
RPEFRENH

350 360 370 380 390

B T e S o | P
--—--HTEGHQDHDRPMFEMRPFRFNPLGRKPFGDHPFG HTEJGHQGHNETG
--—--HTEGHQDHDRPMFEMRPFRFNPLGRKPFGDHPEG HTEGHQGHNETG
--—--HTEGHQDHDRPMFEMRPFRFNPLGRKPFGDHPFG HTEJGHQGHNETG
-—--HTEGHODHDRPMFEMRPFRFNP--=-=====————f———f-————————
- —— —QTE-———————— e HQGHNETG
- ———QTE-———————— e HQGHNETG
- —— —QTE-——————————m e~ HQGHNETG
- ———QTE-———————— e HQGHNETG
- —— —QTE-——————————m e~ HQGHNETG
- ———HTE-———— == = —m e e e e HQGHNETG
- ———HTE-———— === m e e e HQGHNETG
- —— —QTE-——————————m e~ HQGHNETG
- ———QTE-———————————— = ————— HQGHNETG

RKPEFGDRP

400



Here Erl6 and Erl7 are misaligned with Er19 and Er20
Erl5 Erl6 Erl8 Erl9 Er20 Er21l Er22 Er23 Er24 Er25
410 420 430 440 460 470 480 490 500
T S e S o s I B O o R o PSP TR AR | R P

Al--2 PHRHHSKTVIJGDODTJ:HHGHHGHHEHHHHQHDHREGHODHD PFRFNPERKPFGDHPEGRRNHTEGHQJHNET GO PHRHHSKT GO
A2--G PHRHHSKNVIJcDODTJ-HHGHHGHHEHHHHQHDHREGHQDHD PFRENPIRKPFCDHPEERRNHTECHQJHNET GO PHRHHSKT G
G2--10 PNRHHSKTVIJcDODTJ:HHGHHGHHEHHHHQHNHREGHODHD PFRFNPERKPFGDHPEGRRNHTEGHQJHNET GO PHRHHSKTGO
G3--10 F---—--—--J---F-mmmmmmm - S R el EEEEETE EEEEE PR e et S El SEEEEEEEEEE
B2--10 DF-—-———————mmmmmmm e m e ODOD PFRENH------—-- RRNHTEGHQ{HNETGIJH PHRHHNKTGD
B3--2 Do ODQD PFRENHA4------—-- RRNHTEGHQ{HNETGIJH PHRHHNKTGD
B3--4 Db mmmmmmmm e ODOD PFRENH4------—-- RRNHTEGHQ{HNETGIJH PHRHHNKTGD
B3--10 DF-—-——-— - m oo ODQD PFRENHA4------—-- RRNHTEGHQ{HNETGIJH PHRHHNKTGD
B5--10 DF-—-———————mmmmmmmmmm e ODOD PFRENH4---—---—-- RRNHTEGHQ{HNETGIJH PHRHHNKTRD
B6--10 DF-—-————m - oo -4 --4----4---F- 1 HPHRHHNKTRD
B7--10 DF-—-———— o m oo -4 --4----4---F- 1 HPHRHHNKTRD
B8--10 DF-—-———————mmmmmmm e ODOD PFRENH4------—-- RRNHTEGHQ{HNETGIJH PHRHHNKTGD
B8--G Do ODOD PFRENH4---—--—-- RRNHTEGHQ{HNETGIJH PHRHHNKTGD
C2--4  DfF--——-——m e ] --—--+--4+---—-4---—+--------F--F---- HPHREHHNKTG
C3--4 Do ] ----4--4----F4----F--F - HPHRHHNKT G
C4--G  Df—-———————mm ] ODOD PFRFNHHGRKPFGDRPEERRNHTEGHQJHNET G PHRHHNQTGH
C5--4 -] ----4--4----4----F----—4--—F A
Dl--2  Db-—-————mmmmmmm e ODOD PFRYNHHGRKPFGDRPEERRNHTEGHQJHNET GJH PHRHHNKTRD
Dl--4  DF-—-——mmmm o ODQD PFRYNHHGRKPFGDRPEGRRNHTEGHQJHNET G PHRHHNKTRY
D1--10 DF-—-—————————mmmmm e ODOD PFRYNHHGRKPFGDRPEERRNHTECGHQJHNET GIJH PHRHHNKTRD
D1--10 DF-—-————mmmmmmm e ODOD PFRYNYHGRKPFGDRTE[GRRNHTEGHQJHNET G PHRHHNKTRY
D1d-G  Db-—-———————mmmmmmm e ODOD PFRYNHHGRKPFGDRPEERRNHTEGHQJHNET G PHRHHNKTRY
D1f-G  Df-—-————mmmm o m o mmmmmmmm ODOD PFRYNHHGRKPFGDRPE[GRRNHTEGHQJHNET G PHRHHNKTRY
Dly-G  Db-—-———————mmmm e e ODOD PFRYNHHGRKPFGDRPEERRNHTEGHQJHNET GJ PHRHHNKTRY
D5--10 DF-—-——-—m - m o ODOD PFRYNYHGRKPFGDRTE[GRRNHTEGHQJHNET GO PHRHHNKTRY
D6--4  DF-—-————mmmmmmm e ODOD PFRYNHHGRKPFGDRPEERRNHTEGHQJHNET GIJ PHRHHNKTRD
D6--10 DF-—-———————mmmm e ODOD PFRYNHHGRKPFGDRPE[GRRNHTEGHQJHNETGIJH PHRHHSKTGH
D7--2  DF-—-————mmmmmmm e ODOD PFRYNHHGRKPFGDRPEERRNHTEGHQJHNET GIJH PHRHHNKTRD
E2--2 e -4 - - -RNHTEGHQJHNETGJH PHRHHNKTGO
E2--4  f----—mmmm e -4 -4 ---F - - -RNHTEGHQJHNETGJH PHRHHNKTGD
E2--10 - -4 - - -RNRTEGHQJHNETGJH PHRHHNKTGD
E2b-G = f----—mm e -4 -4 ---F - - -RNHTEGHQJHNETGJH PHRHHNKTGD
E2--G e -4 - - -RNHTEGHQJHNETGJH PHRHHNKTGD
E3--2  f-—--mmmmm e -4 -4 ---F - - -RNHTEGHQJHNETGJH PHRHHNKTGD
E3--2 Do mm e ] ek e e S el EEEEEEEEEEE SRR HPHRHHNKT G
E3--4  f----—mmmm e -4 -4 ---F - - -RNHTEGHQJHNETGJH PHRHHNKTGD
E6--2  DF-—-——-—mm—m e -4+ -1 HPHRHHNKTC
E7--2 - -4 - - -RNHTEGHQJHNETGJH PHRHHNKTGD
E8--2  f----mmmm e -4 -4 - -RNRTEGHQJHNETGJHPHRHHSKTGD
E9--2  F---mmmmmm e -4 - - -RNRTEGHQJHNETGJH PHRHHNKTGD
E10-4  f-—----—mmmmm - HGRHHQHHH-------+4----- -4 -4 - -RNHTEGHQJHNETGJH PHRHHNKTGD
F1--2  DF--—-—————m—mm o e ODODKPPNDT}- - - - - JRPFRENH - —-——-—-— RRNHTEGHQ{HNETGIJH PHRHHNKTGD
01--4 - -4 -———4-—--—-—1 - RKPFCDRPEICRRNHTEGHQ(HNET GO PHREHNKTRD
01--2 - -4 -4 —--—-—1 - RKPFGDRPEICRRNHTEGHQ{HNETGOJH PHRHHNKTRD
01--10 F-————————— e -4 -———4-—--—-—1 - RKPFCDRPEJCRRNHTEGHQ(HNET GO PHREHNKTRD
01--10 J-—————=——m e -4 -4 —--—-—1 SRKPFGDRPECRRNHTEGNQ{HNETGOJH PHREHNKTRD
01--10 F-————————— e -4 -———4-—--—-—1 - RKPFCDRPEICRRNHTEGHQ(HNET GO PHREHNKTRD
01--G === -4 -4 —--—-—1 - RKPFGDRPEICRRNHTEGHQ{HNETGOJH PHREHNKTRD
08--2  J-——-—mmmmm e -4 -———4-——-—-—1 - RKPFCDRPEIERRNHTEGHQAHNETGOHPHREHNKTRD




510 520 530

Al--2 GDQDRPMFETRPEFWVNPFGRKPFGDRPEFDRR
A2--G GDODRPMFETRPEFWVNPFGRKPFGDRPEFDRR
G2--10 GDQODRPMFETRPEFWVNPFGRKPFGDRPEFDRR

G3--10  ————————mm— e FGRKPFCDRPFGRR
B2--10  GDQDRPMFEMRPFWVNPFGRKPFGDRPFGRR
B3--2 GDQDRPMFETRPFWVNPFGRKPFGDRPFCRR
B3--4 GDQDRPMFETRPFWVNPFGRKPFGDRPFGRR

B3--10 GDODRPMFETRPEFWVNPFGRKPFGDRPEFGRR
B5--10 GDODRPMFEMRPFRENPFGRKPEFGGRPEDRR
B6--10 GDODRPMFEMRPFRENPFGRKPEFGGRPEDRR
B7--10 GDODRPMFEMRPFRENPFGRKPEFGGRPEDRR
B8--10 GDQDRPMFEMRPFWVNPFGRKPFGDRPEFGRR
B8--G GDQDRPMFEMRPEFWVNPFGRKPFGDRPEFGRR

Cc2--4 GDODRPMFESRPFRFNPFGRKPFGCDRPEGRR
C3--4 GDODRPMFESRPFRENPFGRKPEFGDRPEGRR
C4--G GDODRPMFEMRPFREFNPLGRKPFGDRPEFGRR
c5--4  ——--—---——-—- RENPEFGRKPEFGDRPEGRR
D1--2 GDODRPMFEMRPFREFNPEFGRKPFGGCRPEDRR
D1--4 GDODRPMFEMRPFRENPFGRKPEFGGRPEDRR

D1--10 GDODRPMFEMRPFREFNPEFGRKPFGGCRPEDRR
D1--10 GDODRPMFEMRPFRENPFGRKPEFGGRPEDRR
D1d-G GDODRPMFESRPFREFNPFGRKPFGDRLEGRR
D1£f-G GDODRPMFEMRPFRENPLGRKPEGDRPEGRR
Dly-G GDODRPMFEMRPFREFNPFRRKPFGGCRPEDRR
D5--10 GDODRPMFEMRPFRENPFGRKPEFGGRPEDRR

D6--4 GDODRPMFEMRPEFWVNPEFGRKPFGDRPEGRR
D6--10 GDQDRPMFETRPEFWVNPFGRKPEFGDRPEDRR
D7--2 GDODRPMFEMRPFREFNPEFGRKPFGGCRPEDRR
E2--2 GDODRPMFEMRPFRENPEFGRKPEFGDRPEGRR
E2--4 GDODRPMFEMRPFRENPEFGRKPFGDRPEGRR

E2--10 GDODRPMFEMRPEFRENPEFGRKPEGDRPEGRR
E2b-G GDODRPMFEMRPFRENPEFGRKPFGDRPEGRR
E2--G GDODRPMFEMRPFRENPEFGRKPEGDRPEGRR

E3--2 GDODRPMFEMRPFREFNPEFGRKPFGDRPEGRR
E3--2 GDODRPMFEMRPEFRENPEFGRKPEGDRPEGRR
E3--4 GDODRPMFEMRPFRENPEFGRKPFGDRPEGRR
E6--2 GDODRPMFEMRPFREFNPEFGRKPFGDRPEGRR
E7--2 GDODRPMFEMRPFRENPEFGRKPEFGDRPEGRR
E8--2 GDODRPMFETRPFWVNPEFGRKPFGDRPEDRR
E9--2 GDODRPMFEMRPFRENPFGRKPFGDRPEFGRR
E10-4 GDODRPMFEMRPFREFNPFGRKPFGDRPEGRR
Fl1--2 RDODRPMFEMRPEFWVNPEGRKPEFGDRPEGRR
01--4 GDODRPMFEMRPFREFNPFGRKPFGDRPEGRR
01--2 GDODRPMFEMRPFRENPFGRKPFGDRPEFGRR

01--10 GDODRPMFEMRPFREFNPFGRKPFGDRPEGRR
01--10 GDODRPMFEMRPFRENPFGRKPFGDRPEFGRR
01--10 GDODRPMFEMRPFREFNPFGRKPFGDRPEGRR
01--G GDODRPMFEMRPFRENPFGRKPFGDRPEFGRR
08--2 GDODRPMFEMRPFREFNPFGRKPFGDRPEGRR

540 550 560 570 580 590 600
T e e e e e I T I e
GTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEI--AINE---—-- VDTNVVAEV*
GTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEI--AINE--—-—-- VDTNVVAEV*
GTEEGSPRRDGHPHPHGNRRRWGENESEEKEHPTTESVTTSSPLKVIEI--AINE-—--—-- VDTNVVAEV*
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AVNE-—--—--— EDVNVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV----AINE-—---- EDINVVAEV*
GTEEGSPRRDGHRRPHGNRGRWGENESEEKEHPTTESVITTSSPPEVVEI--AIND---—------— VAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AVNE-—-—-—--— EDVNVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AVNE-—--—--— EDVNVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV----AINE----- EDINVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKERPTTESVTTSSPPEVVEI--AFNE-—-—-—-- EDVHVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKERPTTESVTTSSPPEVVEI--AFNE-—-—-—-- EDVNVVAEV*
GTEEGSPRRDGHRHPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AVNE-—-—-—--— EDVNVVAEVL
RTEEGSPRRDGHRHPYGNRGRWGENESEEKEHPTTESVITSSPPEVVEI--AVNE---—-- EDVNVVAEVY
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AVNE-----— EDVNVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AFNE--—-—--— EDVNVVAEV*
GTEEGSLRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPDVVEI--AVNE-----— EDVNVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AVNE-—--—--— EDVNVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVITSSPPEV--V--AINE----- EDINVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEV--V--AINE----- EDINVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVITTSSPPEV--V--AINE----- EDINVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEV--V--AINE----- EDINVVAEV*
GTEEGSSRRDGHRRPYGNRGRWGENESEEKEHPTTESVITSSPPEV--V--AINE----- EDINVVAEV*
GTEEGSPRRDGQRRPYGNRGR*GENESEEKEHPTTESVITSSPPEV--V--AINE---—-- EDINVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVITSSPPEV--V--AINE-----— EDINVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV----AINE--—--- EDINVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVITTSSPPEV--VEIAVNE-----— EDVNVVAEV*
GTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEI--AINE---—-- VDTNVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEV--V--AINE-----— EDINVVAEV*

GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP¥——————-——————————————————
GTEEGSPRRDGORRPYGNRGRWGENESEEKEYPTTESVTTSSPP*———-—-———————————————————
GTEEGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTY SPP¥——————-——————————————————
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP*————————————————————————
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP¥——————-——————————————————
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP*———-————————————————————
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP¥——————-——————————————————
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP*————————————————————————
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEYPTTESVTTSSPP*——-—-—-—-——————————————————
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV----AINE----- EDINVVAEV*
GTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEI--AINE----- VDTNVVAEV*
GTEEGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTY SPP¥———-———-——————————————————
GTEEGSPRRDGQRRPYGNRGRWGENESEEKEHPTTESVTTSSPP*————————————————————————

GTEEGSPRRDGHRHPYGNRGRWGENESEEKEHPTTESITTSSPPEVVEI--AVNE-—---- EDVNVVAEV*
GTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AIND----—-—-———— VAEV*
GTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTMESVTTSSPPEVVEI--AINEVDTNG----- VAEV*
GTEEGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AIND----—-—-———— VAEV*
GTEEGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AIND---—------— VAEV*
GTEEGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEI--AIND----—-————— VAEV*
GTEEGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTSSPPDVVEI--AIND-—--—------— VAEV*

GTEEGSPRRDGQRRPYGNRGRWGENESEEKEYPTTESVTTSSPP*————————————————————————



Figure S2. The NJGT-PRANK alignment of representative deduced SpTrf protein sequences increases the number of
gaps in the alignment. The NJGT-PRANK alignment was done using webPRANK with the deduced SpTrf protein sequences
from animals as in Figure S1. The deduced amino acid sequences of the second exon of the SpTrf genes are shown. Standard
parameters were used in webPRANK (gap rate, 0.05; gap length, 5; K, 2.0) and the sequences were set to align by translated
codons and to trust insertions (+F). Substitution scoring was set to relaxed and the neighbor joining guide tree generation was
done in webPRANK using ClustalW2. Explanations of protein names, dashes, and asterisks are the same as in Figure S1.
Element boarders are based on the repeat-based alignment and are indicated by vertical black lines. Horizontal black lines
indicate regions where non-matching elements overlap. Notes on the alignment and elements of interest are shown above
those regions. Er is the abbreviation for elements in the repeat-based alignment. The sequences are arranged with the L
proteins at the top, the O proteins at the bottom, and the remaining S proteins in alphabetical order



10 20 30 40 50 60 70 80 90 100
B e Y e e e T T

Al--2 AHAQSDFNERRGKENGRERGODRFGGRPDGMOMGG-———————==——=————————+ - - - -PRODGGPMGGRRFDGPRFGAHOMGGPRONGGPMGGRREDG
A2--G AHAQSDFNERRGKENGRERGODRFGGRPDGMOMGG-———————————————————+ - - --PRODGGPMGGRRFDGPRFGAHOMGGPRONGGPMGGRREDG
G2--10 AHARRDFNELRGKENGRERGQGRFGGRPDGMOMGG-—————=—=———=————————+ - - --PRODGGPMGGRRFDGPGFGAHOMGGPRONGGPMGGRREDG
G3--10 AHARRDFNELRGKENGRERGQGRFGGRPDGMOMGG-———————————————————+ - - --PRODGGPMGGRRFDGPGFGAHOMGGPRONGGPMGGRREDG
B2--10 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
B3--2 AHARRDYNERRGNENGRERGQGRFGGRPGG]
B3--4 AHARRDEFNERRGNENGRERGQDREFGGRPGG]
B3--10 AHARRDYNERRGNENGRERGQGRFGGRPGG]

OMGG-—=====—===————————— ----PRQD------—==--————-} -~ GGPM------~-
OMGG-——====—==—————————— —---SRQD-—----—==-—————-% GGPM------~
OMGG-——=======—————————— ----PRQD------—=---————-} —— GGPM------~-

B5--10 AHARRDFNERRGNENGRERGQGRFGGRPGGMOMGG--—=—=---—=--———-————— ----SRQD-——---—==——————-% GGPM------~
B6--10 AHAQRDFNEQRGEENGRKRGQGRFRGRPGGMLMGG--—=-=---—=---—---———— ----PRQD------—=---————-} —— GGSM------~-
B7--10  AHAQRDYNELRGNKNGRERGQGRFGGRPGGMOMGGSRQDGGPMGGRREDGPDSGAY-———-=———————— oo oo b
B8--10 AHARRDFNERRGNENGRERGQGRFGGRPGGMOMGG--—==---—==-———-————— —---SRQD-——---—==-—————-% GGPM------~

B8--G AHARRDEFNERRGNENGRERGQGRFGGRPGG]
Cc2--4 AHAQRDYNELRGNKNGRERGQGRFGGRPGG
C3--4 AHAQRDYNERRGNENGRERGQGRFGGRPGG]
C4--G AHARRDEFNERRGRENGRKRGQGGEFGGRPDG
C5--4 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
D1--2 AHAQRDYNELRGNKNGRERGQGRFGGRPGG
D1--4 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
D1--10 AHAQRDYNELRGNENGRERGQGRFGGRPGG
D1--10 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
D1d-G AHAQRDYNERRGNENGRERGQGRFGGRPGG
D1£f-G AHAQRDYNERRGNENGRERGQGRFGGRPGG]

OMGG=========== === ==~~~ ——==SRQD-—========————m— GGPM-—-----

OMGGSRODGGPMGGRRFDGPDSGAROMDGRRQ—— === —=========———F% -
OMGGSRQODGGPMGGRRFDGPDSGAROMDGRRQD —————=========———4 —————— GGPM------~
OMGGSRQODGGPMGGRRFDGPDSGAHOMDGRRQD - -~ ——====—==-———F% ——————— GGPM-------
OMGGPRODGGPMGGRRFDGPDSGAROMDGRRQD ——— === ========———4 —————— GGPM------~
OMGGSRQODGGPMGGRRFDGPDSGAHOMDGRRQD - -~ ———======-———+% ——————— GGPM-------
OMGGSRQODGGPMGGKRFDGPDSGAROMDGRRQD — =~ === ========———4 —————— GGPM------~
OTGGPRODGGPMGGRRFDGPDSGAHOMDGRRQD -~~~ —========———+% ——————— GGPM-------

Dly-G AHAQRDYNELRGNKNGRERGQGRFGGRPGGMOMGGSRODGGPMGGRRFDGPDSGAHOMDGRROD - —————-—— == —————— 4~ ——————— GGPM--—-----
D5--10 AHAQRDFNEQRGEENGRKRGQGRFRGRPGGMOMGG-—————=—=———————————+ ----PROD-——————————————— - ————— GGSM-------
D6--4 AHAQRDYNELRGNKNGRERGQGRFGGRPGGMOMGGSRODGGPMGGRRFDGPDSGAHOMDGRROD - —————- === = —————— 4 ——————— GGPM--—-----
D6--10 AHARRDYNERRGNENGRERGQGRFGGRPGGMOMGGPRODGGPMGGRREFDGPDSGSHOMDGRROD——— === ===—=————————————— GGPM-------

D7--2 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
E2--2 AHAQRDEFNERRGKENDTERGQGGFGGRPGG]
E2--4 AHAERDFNERRGKENGRERGQGGFGGRPGG]
E2--10 AHAQRDEFNERRGKENDTERGQGGFGGRPGG]
E2b-G AHARRDFNERRGKENGTERGQGGFGGRPGG]
E2--G AHAQRDEFNERRGKENDTERGQGGFGGRPGG]
E3--2 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
E3--2 AHARRDEFNERRGKENGRERGQGGFGGRPGG]
E3--4 AHAQRDFNERRGKENDTERGQGGFGGRPGG]
E6--2 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
E7--2 AHAERDEFNERRGKENGRERGQGGFGGRPGG]
E8--2 AHAQRDFNERRGKENDTERGQGGFGGRPGG]
E9--2 AHAQRDEFNERRGKENDTERGQGGFGGRPGG]
E10-4 AHARRDFNELRGKENGRERGQGRFGGRPDG]
Fl1--2 AHARRDEFNERRGNENGRERGQGRLGAKPGG]
01--2 AHARRDFNERRGKENGRERGQGGFGGRPGG]
01--4 AHARRDEFNERRGKENGRERGQGGFGGRPGG]
01--10 AHARRDFNERRGKENGRERGQGGFGGRPGG]
01--10 AHARRDEFNERRGKENGRERGQGGFGGRPGG]
01--10 AHAQRDYNERRGNENGRERGQGRFGGRPGG]
01--G AHARRDEFNERRGKENGRERGQGGFGGRPGG]
08--2 AHARRDFNERRGKENGRERGQGGFGGRPGG]

OMGGSRQDGGPMGGRREDGPDSGAHOMDGRROD ~ — = === === === === g —————— GGPM----—-~

OTGS-——========——————— = — ———~PRQD-—=========————— b GGPM------~
OMGG-——====—=——————————— ----PRQD------—=---————-}% GGPM-------
OTGS-——========——————— = — == =PRQD-—======= == mmmm
OMGS-——====—==—————————— ----PRQD------—=---————-}% GGQOM------~
OMGGSRQODGGPMGGRREDGPDSGAROMDGRRQD — = === === === ===—— g ——— -~ GGPM------~
QTGS-——=-==——=——————————— ----PRQD------—=---————-} DGPM-------
OMGG- === === === ——m = —— — ———~PRQD-—=========————— b GGPM------~
OMGGSRQODGGPMGGRREDGPDSGAROMDGRRQD - = === === === ===—— g ——— -~ GGPM------~
QTGS-——=-==——=——————————— ----PRQD------—=---————-}% GGPM-------
OMGG === == === === mmm = — = — ——==PRQD-—=========—mmmmf GGPM---—--~
OMGG-——====—==—————————— ----PRQD------—=---————-}% GGPM------~
OMGG-—=====—===————————— - - -~ PRODGGPMGGRRFDGPGFGAHDMGGPRONGGPM- -~~~
OMGG-——====—==—————————— ----SRQD------—=--—————-}% GGPV-------
OTGS======== === mmm == — ——==PRQD-==========—mmm e GGPM---—--~
QTGS-——=-=-—————————————— ----PRQD------—=---————-}% GGPM------~
QTGS —======= === mmm === — ——==PRQD-—=========—mmmf GGPM---—--~
QTGS-—=—==-——==—————————— ----PRQD------—=---————-}% GGPM------~-




Al--2
A2--G
G2--10
G3--10
B2--10
B3--2
B3--4
B3--10
B5--10
B6--10
B7--10
B8--10
B8--G
c2--4
C3--4
C4--G
C5--4
D1--2
D1--4
D1--10
D1--10
D1d-G
D1£f-G
Dly-G
D5--10
D6--4
D6--10
D7--2
E2--2
E2--4
E2--10
E2b-G
E2--G
E3--2
E3--2
E3--4
E6--2
E7--2
E8--2
E9--2
E10-4
Fl1--2
01--2
01--4
01--10
01--10
01--10
01--G
08--2

110 120

B T T T T e S
MGGPRQDGGPMGGRRFDGPGFGAHOMGGPRONGGPMGGRREFDGPGFEGG
MGGPROQDGGPMGGRREFDGPGFGAHOMGGPRONGGPMGGRREDGPREGG
MGGPRQDGGPMGGRRFDGPGFGAHOMGGPRONGGPMGGRREFDGPGFGG
MGGPRODGGPMGGRREFDGPGEFGAHOMGGPRONGGPMGGRREDGPGEGG
———————————— GGRRFDGPGFGA

MDGRRONGGPMGGRRFDGPGEGG
MDGRRONGGPMGGRREDGPGEGG!
MDGTEKNGGPMGGRELDGPGFEGG
MDGRRONGGPMGGRREDGPGEGG!
MDGRRONGGPMGGRRFDGPGFEGG
MDGRRONGGPMGGRREDGPGEGG!

MDGRRONGGPMGGRREFDGPGEGG
MDGRRONGGPMGGRREDGPGEGG!

160
e T I R T
PDGAGGRPFFGEGGRRGDGEEETDAAQQIGDGLGGPGRCDGPG
PDGAGGRPFFGEGGRRGDGEEETDAARQI---—-— GPGRFDGPG
PDGAGGRPFFGEGSRRGDGEEETDAARQIGDGLGGPGREDGPG
PDGAGGRPFFGEGSRRGDGEEETDAARQIGDGLGGPGREDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGREDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQEFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSDREDGLR
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQEFDGHG
PDGAGGRPFFGQGGRRGDGEEETDASQQIGDGLGGRGQEFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSDREDGPR
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSDREDGPR
PDGAG-RPFFGQGGKRGDGEEETDAAQQIGDGLGGSDREFDGPR
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSDREDGPR
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQEFDGPG
PDGGGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PVGAGGRLEFFGQGGRRGDEEEETDARAQQIGDGLGGPGQEFDGPG
PVGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PVGAGGRPVEFGQGGRRGDGEEETDAAQQIGDGLGGPGQEFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDARAQQIGDGLGGPGQEFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRDQEFDGHG
PDGAGGRPFFGQGGRRGDGKEETDAAPLIGDGLGGRGQFDGHG
PDGAGGRPFFGQGGRRGDGEEETDDDQKMGDGPGGRGQEFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSGQFDGPR
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSGQFDGPR
PDGAGGRPFFGQGGRRGDGEEETDAAQOMGDGLGGRGQEFDGPR
PDGAGGRPFFGPGGRRGDGEEETDAALLIGDVLGGRGQFDGPR
PVGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHG
PDGAGGRPFFGQGGRRGDGKEETDAAQQIGDGLGGRGQEFDGHG
PDGAGGRPFFGQGGRRGDGEEETDARQQIGDGPGGRGQFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGPGGRGQFDGHG
PDCAGGRPFFGEGGRRGDGEEETDAARQIGDGLGGPGQEFDGPR
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRDDGEEETDAAQQIGDGLGGPGQEFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG
PDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPG

170 180 190 200



Al--2
A2--G
G2--10
G3--10
B2--10
B3--10
B3--2
B3--4
B5--10
B6--10
B7--10
B8--10
B8--G
c2--4
C3--4
C4--G
C5--4
D1--2
D1--4
D1--10
D1--10
D1d-G
D1£f-G
Dly-G
D5--10
D6--4
D6--10
D7--2
E2--2
E2--4
E2--10
E2b-G
E2--G
E3--2
E3--2
E3--4
E6--2
E7--2
E8--2
E9--2
E10-4
Fl1--2
01--2
01--4
01--10
01--10
01--10
01--G
08--2

L-Er7 & S-Er8 aligned together

210 220 230
B T I |
HQGAGRPFFGNPPPFNPEQEH--———----~-
HQGAGRPFFGNPPPFNPEQEH---——------
HQGAGRPFFGNPPPFNPEQEH--————---~-
HQGAGRPFFGNPPPFNPEQEH---——------
ROG-———————- PP---——- DRPEEQPFG(

JHRQG--------~ PP---——- DRPEEQPFG(
JHRQG--—-=-=-===~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP---——- DRPEEQPFG(
JHRQG--=-=--===~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP---——- DRSEEQPFG(
JHRQG--------~ PP---——- DRPEEQPFG(
JHRQG--—-=-=-===~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP------ DRPEEQPFG(
JHRQG--—--==-~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP------ DRPEEQPFG(
JHRQG--—--==-~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP------ DRPEEQPFG(
JHRQG--—--==-~ HP--——-- DQAEEQPFG(
JHRQG--------~ HP------ DQAEEQPFG(
JHRQG--—--==-~ HP--——-- DQAEEQPFG(
JHRRG--------~ HP------ DQAEEQPFG(
JHRQG-—-—--==-~ HP--——-- DQAEEQPFG(
JHRQG--------~ HP------ DQAEEQPFG(
JHRQG--—--==-~ HP--——-- DQAEEQPFG(
JHRRG--------~ HP------ DQAEEQPFG(
JHRQG------=-~ HP--——-- DQAEEQPFG(
JHRQG--------~ HP------ DQAEEQPFG(
JHRQG-—-----=-~ HP--——-- DQAEEQPFG(
JHRQG--------~ PP------ DRPEEQPFG(
JHRQG-—-----=-~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP------ DRPEEQPFG(
JHRQG-—-----=-~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP------ DRPEEQPFG(
JHRQG-—-----=-~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP------ DRPEEQPFG(
JHRQG-—-----=-~ Pp---—-- DRPEEQPFG(
JHRQG-—-----=-~ Pp---—-- DRPEEQPFG(
JHRQG--------~ PP------ DRPEEQPFG(
JHRQG--------~ PP-—---- DRPEEQPFG(
JHRQG---=-=-==-~ PP------ DRPEEQPFG(
JHRQG--------~ PP-—---- DRPEEQPFG(
JHRQG---=-=-==-~ PP------ DRPEEQPFG(
C ________________________________
C ________________________________
C ________________________________
C ________________________________
C ________________________________
C ________________________________
C ________________________________

240 250
B O
RNDNSEEDGRHHRH
RNDSSEEDGRHHRHH
RNDSSEEDGRHHRHH
RNDSSEEDGRHHRHH
RNYSNEEDGRPHPHH
RNYSNEEDGRPHPHH
RNYSNEEDGRPHPHH
RNERNEEDGRPHPHH
RNERNEEDSRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNERNEEDSRPHPHH
RNERNEEDGRPHPHH
RNYSSEEDGRPHPHH
RNYSSEEDGRPHPHH
RNESSEEDGRPHPHH
RNYSSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNKSSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHP -
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHP -
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNERNEEDGRPHPHH

S-Er10 to SEr16 are aligned separately

260 270 280 290 300
T e e e I I
PRHHAHHGHHGHHEHHHQHHNHTEGHQDHDRPMFEMRPFRENPLGRK
DREHHAHHGHHGHHEHHHQHHNHTEGHQDHDRPMFEMRPFRENPLGRK
PRHHAHHGHHGHHEHHN-HHNHTEGHQDHDRPMFEMRPFRENPLGRK
PREHAHHGHHGHHEHHN-HHNHTEGHQDHDRPMFEMRPFRENP-~-—-—




S-Er10 aligns with L-Er18

Erll, 14, 16,17, 21-23

The C proteins align differently for

310 320 330 340 350 360 37

B e T e e | e
PFGDHPFGRRNHTEGHQGHNETGDHPHRHHSKTVDGDQDIGHHGH---HG--H---HEHH---HH-QH-+

PFGDHPFGRRNHTEGHQGHNETGDHPHRHHSKNVDGDQODGHHGH---HG--H---HEHH---HH-QH-+
PFGDHPFGRRNHTEGHQGHNETGDHPNRHHSKTVDGDQDIGHHGH---HG--H---HEHH---HH-QH-

———————— HGHHG---HQGH---HHRHH-+
———————— HRHHGHH----R---HHHHH-+
———————— HRHHGHH----R---HHHHH-+
———————— HGHHR---HHRH---HH-HH-+
———————— HRHHGHH----R---HHHHH-+
H---HHRHH--
H---HHRHH-+
H---HHRHH--
H---HHRHH-+
———————— HRDHG------H---HHRHH-+
H---HHRHH-+
H---HHRHH--
H---HHRHH-+
H---HHRHH--
H---HHPHH-+
———————— HRHHG------H---HHRHH--

0 380 3

90

NOTEGHQSHSETGDPDOD
NQTEGHQEHNETGDPDOD

IDT]
IDT]
IDT]

RPEFRENH
RPERENH




Al--2
A2--G
G2--10
G3--10
B2--10
B3--10
B3--2
B3--4
B5--10
B6--10
B7--10
B8--10
B8--G
c2--4
C3--4
C4--G
C5--4
D1--10
D1--10
D1--2
D1--4
D1d-G
D1f-G
Dly-G
D5--10
D6--4
D6--10
D7--2
E2--10
E2--2
E2--4
E2b-G
E2--G
E3--2
E3--2
E3--4
E6--2
E7--2
E8--2
E9--2
E10-4
Fl1--2
01--2
01--4
01--10
01--10
01--10
01--G
08--2

RKPFGDRP
[-RKPE'GDRP

460

RKPFGDHP
RKPEGDHP
RKPEFGDHP

Er11/19 Erl4 Erl6 Erl7 Er20 Er21
420 430 450
[ I R | . e
- — - —HREGHQDH----— —_— PFRENP
----HREGHQDH-—-—- - PFRENP
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Figure S3. The MLGT-PRANK alignment of representative SpTrf protein sequences with a provided maximum
likelihood guide tree results in regions of misaligned sequence. The MLGT-PRANK alignment was done using
webPRANK with the deduced protein sequences as described in Figure S1. Explanations of protein names, dashes, and
asterisks are the same as in Figure S1. Element boarders based on the repeat-based alignment are indicated by vertical black
lines. Horizontal black lines indicate regions where non-matching elements overlap. Notes in the alignment and elements of
interest are labeled above those regions. Er is used as an abbreviation to indicate elements in the repeat-based alignment.
The maximum likelihood tree generated from the manual repeat-based alignment (Figure 1B in the main paper) was provided
as a guide tree for this PRANK alignment. Standard parameters were used in webPRANK (gap rate, 0.05; gap length, 5; K,
2.0) and the sequences were set to align by translated codons and to trust insertions (+F). Substitution scoring was set to
relaxed.



10 20 30 40 50 60 70 80 90 100
e e e

Al--2 AHAQSDFNERRGKENGRERGQDRFGGRPDGMOMGGPRQDGGPMGGRREDGPRFGAPPMGGPRONGGPMGGRREFDGPGFGAHPMGGPRODGGPMGGRREDG
A2--G AHAQSDFNERRGKENGRERGODRFGGRPDGMOMGGPRODGGPMGGRREFDGPRFGAPPMGGPRONGGPMGGRREFDGPGFGAHPMGGPRODGGPMGGRREDG
G2--10 AHARRDEFNELRGKENGRERGQGRFGGRPDGMOMGGPRQDGGPMGGRREDGPGFGAPPMGGPRONGGPMGGRREFDGPRFGAHPMGGPRODGGPMGGRREDG
G3--10 AHARRDFNELRGKENGRERGQGRFGGRPDGMOMGGPRODGGPMGGRREFDGPGFGAPPMGGPRONGGPMGGRREFDGPRFGAHPMGGPRODGGPMGGRREDG
B2--10 AHAQRDYNELRGNKNGRERGQGREFGGRPGGMOMGGSRODGGPMGGRREFDGPDSGAPPMDGRRODGGPMGGRREFDGPGFGAHEMDGRRQ-——————-—-—-———
B3--10 AHARRDYNERRGNENGRERGQGRFGGRPGGMOMGGPRODGGPMGGRREFDGP-————f ——————————————————— GFGAHOMDGRRQ--—————-—-—-—-——
B3--2 AHARRDYNERRGNENGRERGQGRFGGRPGGMOMGGPRQDGGPMGGRRFDGP----—f—-—————————————————— GFGAHODMDGRRQ-——————-—-—-—-—~—
B3--4 AHARRDFNERRGNENGRERGODRFGGRPGGMOMGGSRODGGPMGGRREFDGP-————f ——————————————————— GFGAHHMDGRRQ--—————-—-—-—-——
B5--10 AHARRDEFNERRGNENGRERGQGRFGGRPGGMOMGGSRQDGGPMGGRRFDGP----—f—-—————————————————— GFGAHHMDGRRQ-—-—————-—-—-—--—
B6--10 AHAQRDFNEQRGEENGRKRGQGRFRGRPGG GGPRODGGSMGGRRFDGP----—f-—-————————————————— GLGAHODMDGRRQ-—-—————-—-—-—-——
B7--10 AHAQRDYNELRGNKNGRERGQGRFGGRPGGMOMGGSRODGGPMGGRREFDGP-————f ——————————————————— DSGAHOMDGRRQ---————————-—
B8--10 AHARRDEFNERRGNENGRERGQGRFGGRPGGMOMGGSRQDGGPMGGRRFDGP----—f—-—————————————————— GFGAHHMDGRRQ-—-—————-—-—-—-—~—
B8--G AHARRDEFNERRGNENGRERGQGRFGGRPGGMOMGGSROQDGGPMGGRREFDGP--~--—f-—-————————————————— GFGAHHMDGRRQ-—-—————-—-—-—-—~—
Cc2--4 AHAQRDYNELRGNKNGRERGQGRFGGRPGGMOMGGSRODGGPMGGRRFDGP--—-——fF--—--—-————=—————————— DSGAHOMDGRRODGGPMGGRRFEDG
C3--4 AHAQRDYNERRGNENGRERGQGRFGGRPGGMOMDGRRODGGPMGGRREFDGP----—f-—————————————————— GFGAHODMDGRRQ-—-—————-—-—-———
C4--G AHARRDFNERRGRENGRKRGQGGEFGGRPDG]
C5--4 AHAQRDYNELRGNKNGRERGQGREGGRPGG]
D1--10 AHAQRDYNELRGNENGRERGQGRFGGRPGG]
D1--10 AHAQRDYNELRGNKNGRERGQGREFGGRPGG]
D1--2 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
D1--4 AHAQRDYNELRGNKNGRERGQGREFGGRPGG]
D1d-G AHAQRDYNERRGNENGRERGQGRFGGRPGG]
D1£f-G AHAQRDYNERRGNENGRERGQGREFGGRPGG]
Dly-G AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
D5--10 AHAQRDENEQRGEENGRKRGOGRERGRPGCG]
D6--4 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
D6--10 AHARRDYNERRGNENGRERGQGREFGGRPGG]
D7--2 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
E2--10 AHAQRDENERRGKENDTERGQGGFGGRPGG]
E2--2 AHAQRDFNERRGKENDTERGQGGFGGRPGG]
E2--4 AHAERDEFNERRGKENGRERGQGGFGGRPGG]
E2b-G AHARRDFNERRGKENGTERGQGGFGGRPGGI
E2--G AHAQRDENERRGKENDTERGQGGFGGRPGG]
E3--2 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
E3--2 AHARRDENERRGKENGRERGQGGFGGRPGG]
E3--4 AHAQRDFNERRGKENDTERGQGGFGGRPGG]
E6--2 AHAQRDYNELRGNKNGRERGQGRFGGRPGG]
E7--2 AHAERDEFNERRGKENGRERGQGGFGGRPGG]

ODMGGSROQDGGPMGGRREFDGP----—f-—————————————————— DSGAHOMDGRRQ---—————————
ODMGGPRODGGPMGGRRFDGP---—-—fF---—-——————————————— DSGAHOMDGRRODGGPMGGRGFEDG
ODMGGSRODGGPMGGRREDGP----—f——————————————————— DSGAHOMDGRRQODGGPMGGRREDG
ODMGGSRODGGPMGGRRFDGP---—-—fF---—-—-————=—————————— DSGAHOMDGRRODGGPMGGRRFEDG
ODMGGSROQDGGPMGGRREDGP----—f—-—————————————————— DSGAHOMDGRRODGGPMGGRREDG
ODMGGSRODGGPMGGKRFDGP---—-—fF---—-—-————=—————————— DSGAHOMDGRRODGGPMGGRRFEDG
DTGGPRODGGPMGGRREDGP----—f—-—————————————————— DSGAHOMDGRRODGGPMGGRREDG
ODMGGSRODGGPMGGRRFDGP----—fF----—-————=—————————— DSGAHOMDGRRODGGPMGGRRFEDG
ODMGGPRODGGSMGGRREDGP----—f—=—————————————————— GLGAHPMDGRRONGGPMGGRREDG
ODMGGSROQDGGPMGGRRFDGP----—f-—-—-———————————————— DSGAHPMDGRRODGGPMGGRRFEDG
OMGGPRODGGPMGGRREDGP----—f—-—-————————————————— DSGSHOMDGRRODGGPMGGRREDG
ODMGGSRODGGPMGGRRFDGP----—f-—-—-———————————————— DSGAHPMDGRRODGGPMGGRRFEDG
OMGGPRODGGPMGGRREDGP----—f—-—-————————————————— ESGAHOMEGRRQ---—-—-—————-—
ODMGGPRODGGPMGGRRFDGP----—fF----—-————=—————————— ESGAHOMEGRRQ-—-—————-—-—-——-—
DTGSPRODGGPMGGMREDGP----—f-—-————————————————— ESGAHOMDGRRQ---———————-—
DTGSPROD----GGRREDGP--———fF—-—-—-—-——————————————— ESGAHOMDGRRQ-—-——————-—-———
OMGSPRODGGOMGGRREDGP----—f—-—————————=————————— ESGAHOMEGRRQ---—-—-—————-—
ODMGGSROQDGGPMGGRRFDGP----—f-—-—-———————————————— DSGAHPMDGRRODGGPMGGRRFEDG
DTGSPRODDGPMGGRREDGP----—f—-—-————————————————— ESGAHOMDGRRQ---———————-—
ODMGGPRODGGPMGGRRFDGP----—fF----—-————=—————————— ESGAHOMEGRRQ-—-—————-—-—-——-—
ODMGGSROQDGGPMGGRRFDGP----—f-—-—-—-——————————————— DSGAHOMDGRRODGGPMGGRRFEDG
DTGSPRODGGPMGGMREDGP----—f-—-————————————————— ESGAHOMDGRRQ---———————-—

E8--2 AHAQRDFNERRGKENDTERGQGGFGGRPGCMOMGGPRODGGPMGGRREDGP - -~ = —f === == - ESGAHDMDGRRQ-—-==-=-=---=-~
E9--2 AHAQRDFNERRGKENDTERGQGGFGGRPGCMOMGGPRODGGPMGGRREDGP === === === —m o ESGAHOMDGRRQ-—=====-====~
E10-4 AHARRDFNELRGKENGRERGQGRFGGRPDGMOMGGPRQODGGPMGGRREDGP - === —f == === — oo - GFGAHDMGGPRONGGPMGGRREDG
F1--2 AHARRDFNERRGNENGRERGQGRLGAKPGGMOMGGSRODGGPVVGRREDGP === === === — e GFGAHHMDGRRQ--——=======~

01--2 AHARRDFNERRGKENGRERGQGGEFGGRPGG!
01--4 AHARRDENERRGKENGRERGQGGFGGRPGG]
01--10 AHARRDFNERRGKENGRERGQGGEFGGRPGG
01--10 AHARRDENERRGKENGRERGQGGFGGRPGG]
01--10 AHAQRDYNERRGNENGRERGQGRFGGRPGG
01--G AHARRDENERRGKENGRERGQGGFGGRPGG]
08--2 AHARRDFNERRGKENGRERGQGGEFGGRPGG

DTGSPRQDGGPMGGMRFDGP-----f--————————————————— ESGAHOMDGRRQ=—=========——
DTGSPRODGGPMGGMRFDGP-———-—fF ——————————————————— ESGAHOMDGRRQ-—=========—
DTGSPRQDGGPMGGRRFDGP----—f-—-————————————————— ESGAHOMDGRRQ-—=========—~
DTGSPRODGGPMGGRRFDGP-———- - ——————————————————— ESGAHOMDGRRQ-—=========~—
ODMDGRRQDGGPMGGRRFDGP-----f--————————————————— GFGAHPDMDGRRQ-———=======—
DTGSPRODGGPMGGMREFDGP-———-—fF ——————————————————— ESGAHOMDGRRQ-—=========~—
PDTGSPRQDGGPMGGMRFDGP----—-f-—-————————————————— ESGAHOMDGRRQ-—=========—~




Al--2
A2--G
G2--10
G3--10
B2--10
B3--4
B3--10
B3--2
B5--10
B6--10
B7--10
B8--10
B8--G
c2--4
C3--4
C4--G
C5--4
D1--10
D1--10
D1--2
D1--4
D1d-G
D1£f-G
Dly-G
D5--10
D6--4
D6--10
D7--2
E10--4
E2--10
E2--2
E2--4
E2b-G
E3--2
E3--4
E3--2
E6--2
E7--2
E8--2
E9--2
Fl1--2
E2--G
01--2
01--4
01--10
01--10
01--10
01--G
08--2

PGFGAH
PGFGAH
PGFGAH
PGFGAH

PGFGAHEMDGRRONGGPMGGRRFDGPGFGG

110

PGFGA

PGFGAHEMDGRRONGGPMGGRRFDGPGFGG

MDGRRONGGPMGGRRFDGPGFEGG
MDGTEKNGGPMGGRELDGPGEGG
MDGRRONGGPMGGRRFDGPGEGG
MDGRRONGGPMGGRREDGPGEGG
MDGRRONGGPMGGRRFDGPGEGG
MDGRRONGGPMGGRREDGPGEGG
MDGRRONGGPMGGRRFDGPGEGG

MDGRRONGGPMGGRREDGPGFGG
MDGRRONGGPMGGRREDGPGEGG
MDGRRONGGPMGGRREDGPGEFGG
PMGGPRONGGPMGGRREFDGPGFGG

120 130

NGGPMGGRRFDGPGFGG
NGGPMGGRRFDGPGFGG
NGGPMGGRREFDGPRFEGG
NGGPMGGRREDGPREGG
NGGPMGGRRFDGPGFGG
NGGPMGGRRFDGPGFGG
NGGPMGGRRFDGPGFGG
NGGPMGGRRFDGPGFGG
NGGPMGGRRFDGPGFGG

NGGPMGGRRFDGPGFGG

NGGPMGGRREFDGPREGG
NGGPMGGRREDGPREGG
NGGPMGGRREFDGPREGG
NGGPMGGRREDGPREGG
NGGPMGGRREFDGPREGG
NGGPMGGRRFDGPGFGG

NGGPMGGRREDGPREGG
NGGPMGGRREDGPREGG
NGGPMGGRREFDGPREGG
NGGPMGGRRFDGPGFGG
NGGPMGGRREFDGPREGG
NGGPMGGRREDGPREGG
NGGPMGGRRFDGPGFGG
NGGPMGGRREFDGPREGG
NGGPMGGRRFDGPGFGG
NGGPMGGRRFDGPGFGG
NGGPMGGRRFDGPGFGG
NGGPMGGRREFDGPREGG

.. P O I I X
PDMGGPRQNGGPMGGRREFDGPGFGG

PMGGPRONGGPMGGRREDGPREGG
PMGGPRQNGGPMGGRREFDGPGFGG
PMGGPRONGGPMGGRREFDGPGFGG

140 150 160 170
B O T Y I I
RPDGAGGRPFFGEGGRRGDGEEETDAAQQIGDGLGGPGRCDGPGHGH
RPDGAGGRPFFGEGGRRGDGEEETDAARQIG-——--— PGRFDGPGHGH
RPDGAGGRPFFGEGSRRGDGEEETDAARQIGDGLGGPGREFDGPGHGH
RPDGAGGRPFFGEGSRRGDGEEETDAARQIGDGLGGPGREFDGPGHGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGHGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGREFDGHGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHGRRH

RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSDREFDGLRRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHGRRH
RPDGAGGRPFFGQGGRRGDGEEETDASQQIGDGLGGRGQFDGHGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSDRFDGPRRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSDREDGPRRGH
RPDGAG-RPFFGQGGKRGDGEEETDAAQQIGDGLGGSDRFDGPRRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSDREFDGPRRGH
RPVGAGGRLEFFGQGGRRGDEEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGGGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPVGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPVGAGGRPVEGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDCAGGRPFFGEGGRRGDGEEETDAARQIGDGLGGPGQFDGPRRGH
RPDGAGGRPFFGQGGRRGDGEEETDDDQKMGDGPGGRGQFDGHGRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRDQFDGHGRGH
RPDGAGGRPFFGQGGRRGDGKEETDAAPLIGDGLGGRGQFDGHGRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSGQFDGPRRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGSGQFDGPRRGH
RPDGAGGRPFFGPGGRRGDGEEETDAALLIGDVLGGRGQFDGPRRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQOMGDGLGGRGQFDGPRRGH
RPVGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHGRGH
RPDGAGGRPFFGQGGRRGDGKEETDAAQQIGDGLGGRGQFDGHGRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGPGGRGQFDGHGRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGPGGRGQFDGHGRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGRGQFDGHGRGH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRDDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH
RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGPGRRH

L-Er7 & S-Er8

180 190 200
P P L I
Y GHHQGAGRPFFGNPPPFNPEQ
Y GHHQGAGRPFFGNPPPFNPEQ
Y GHHQGAGRPFFGNPPPFNPEQ
Y GHHQGAGRPFFGNPPPFNPEQ
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF

RPDGAGGRPFFGQGGRRGDGEEETDAAQQIGDGLGGPGQFDGHGRRRHGHRQGP————— PODRSEEQPF

HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP---—- PQDRPEEQPF
HGHRQGP—-——- PODRPEEQPF
HGHRQGP---—- PQDRPEEQPF
HGHRQGP—-——- PODRPEEQPF
HGHRQGP---—- PQDRPEEQPF
HGHRQGH--——- PQODQAEEQPF
HGHRRGH---—- PQDQAEEQPF
HGHRQGH--——- PQDQAEEQPF
HGHRQGH--——- PQDQAEEQPF
HGHRQGH--——- PQDQAEEQPF
HGHRQGH--——- PQDQAEEQPF
HGHRQGH--——- PQDQAEEQPF
HGHRRGH----- PQDQAEEQPF
HGHRQGH--——- PQDQAEEQPF
HGHRQGH--——- PQDQAEEQPF
HGHRQGH--——- PQDQAEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
HGHRQGP--——- PQDRPEEQPF
[HGHRQGP————- PODRPEEQPF
HGHRQGP---—- PQDRPEEQPF
[HGHRQGP————- PODRPEEQPF
HGHRQGP---—- PQDRPEEQPF




Al--2
A2--G
G2--10
G3--10
B2--10
B3--10
B3--2
B3--4
B5--10
B6--10
B7--10
B8--10
B8--G
c2--4
C3--4
C4--G
C5--4
D1--10
D1--10
D1--2
D1--4
D1d-G
D1f-G
Dly-G
D5--10
D6--4
D6--10
D7--2
E2--10
E2--2
E2--4
E2b-G
E2--G
E3--2
E3--2
E3--4
E6--2
E7--2
E8--2
E9--2
E10-4
Fl1--2
01--2
01--4
01--10
01--10
01--10
01--G
08--2

210
A R
RNDNSEEDGRHEHRH
RNDSSEEDGRHHREH|
RNDSSEEDGRHEHRHH
RNDSSEEDGRHHRHEH|
RNYSNEEDGRPHPHH
RNYSNEEDGRPHPHH
RNYSNEEDGRPHPHH
RNERNEEDGRPHPHH
RNERNEEDSRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNERNEEDSRPHPHH
RNERNEEDGRPHPHH
RNYSSEEDGRPHPHH
RNYSSEEDGRPHPHH
RNESSEEDGRPHPHH
RNYSSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNKSSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSEEDGRPHPHH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNESSDEDGRPHPRH
RNERNEEDGRPHPHH

L-Erl12 aligned with S-Er14, 16, 17, 21

L-Er10 and Er11 aligned together

220 230
PRHHAHHG-HHGH
PRHHAHHG-HHGH
PRHHAHHG-HHGH
PRHHAHHG-HHGH
HGHHGHHGHHHRHH
HGHHGHHGHHHRHH
HGHHGHHGHHHRHH
HGHHGHHGHHHRHH
HRHHGHHDHHHRHEH
HRHHDHHDRHHRHEH
HRHHDHHDRHHRHEH
HRHHGHHDHHHRHEH
HGHHGHQGHHHRHH
HRHHGHHR-HHHHH
HRHHGHHR-HHHHH
HCHHRHHR-HHHHH
HRHHGHHR-HHHHH
HRHHGH---HHRHH
HRHHGH---HHRHH
HRHHGH---HHRHH
HRHHGH---HHRHH
HRDHGH---HHRHH
HRHHGH---HHRHH
HRHHGH---HHRHH
HRHHGH---HHRHH
HRHHGH---HHRHH
HRHHGH---HHPHH
HRHHGH---HHRHH

NOTEGHQ)
NOTEGHQ)
NOTEGHQ)
NOTEGHQ)
NOTEGHQ)
NHTEGHQ)
NHTEGHQ
NOTEGHQ)
NOTEGHQ)
NOTEGHQ)
NOTEGHQ)
NOTEGHQ)
NOTEGHQ)
NHTEGHQ
NHTEGHQ
NHTEGHQ
NHTEGHQ
NHTEGHQ
NHTEGHQ
NHTEGHQ
NHTEGHQ
NHTEGHQ
NHTEGHQ
NHTEGHQ

250
| -

260

Partial Er12

Erl3

Erl4

Erl5

270

280

DHDREMFE
DHEDRH
DHDRH

PERENP)
PERENP)
PEREN P

.GCRKPFGCDHPEFGRH

LCRKPFCDHPEGRHE

[.GRKPFGCDHPEGRRNHTEGH(

NHTEGH

NHTEGH(

SCHNETGD
SHNETGO
SHNETGD
SHNETGO
SHNETGD
SHNETGH
SHNETGH
SHNETGD
SHNETGO
SHSETGD
SHNETGO
[SHNDTGD
SHNETGO
SHNETGD
SHNETGO
SHNETGD
SHNETGO
SHNETGD
SHNETGO
SHNETGD
SHNETGO
SHNETGD
SHNETGO
SHNETGD

DHEDRH

RPEFREN -

29

B | S
[CHNETGDHPHRHHSKT]

[CHNETGDHPHRHHSKN
[CHNETGDHPNRHHSKT]

0
I.




GDQD

310 320
[

. R
HHGHHGHHEHHHHQHDH:

GDQDT-HHGHHGHHEHHHHQHDH:
GDQODTGHHGHHGHHEHHHHQHNH:

. I:IQ
HQ
HQO

330
I RPN
DHDRPME'G]
DHDRPMFE
DHDRPME'G]

340
[
PFRFNPFQ
PFREFNPL(
PFRFNPFQ

Er21 Er22 Er24

350 360 370 380 390 400

B T e e A I I
RKPFCGDHPFCRRNHTEGHQHHNETGDHPHRHHSKTGDPODRPMFETRPEHVNP
RKPFGDHPFGRRNHTEGHQJHNE TGDHPHRHHSKTGDJPODRPMFETRPEWVNP
RKPFCDHPFGCRRNHTEGHQHNETGDHPHRHHESKTGDJPQDRPMFETRPEWVNP
__________________________________________________ P
e S RNHTEGHQUHNETGDHPHRHHNKTGDJPQDRPMFEMRPEWVNP
R-—---——-—1 RNHTEGHQHNETGDHPHRHENKTGDJPODRPMFETRPEWVNP
e S RNHTEGHQAHNETGDHPHRHENKTGDJPQDRPMFETRPEWVNP
R-—---——-—1 RNHTEGHQHNETGDHPHRHENKTGDJPODRPMFETRPEWVNP
e S RNHTEGHQUHNETGDHPHRHENKTRD PQDRPMFEMRPEFREFNP
————————————————————————— DHPHRHHNKTRDJPQODRPMFEMRPFRFNP
————————————————————————— DHPHRHHNKTRDJPQODRPMFEMRPFRFNP
R-—--—————1 RNHTEGHQUHNETGDHPHRHHNKTGDJPQDRPMFEMRPEWVNP
R-—---——-—1 RNHTEGHQAHNETGDHPHRHENKTGDJPQODRPMFEMRPEWVNP
JRKPFGDRPFGHRNHTEGHQJHNETGDHPHRHHNKTGDPODRPMFESRPFRENP
JRKPFGDRPFGHRNHTEGHQJHNET GDHPHRHHNKT GDGPQDRPMFESRPFRENP
JRKPFGDRPFGHRNHTEGHQJHNETGDHPHRHHENQTGDPODRPMFEMRPFRENP
——————————————————————————————————————————— PFRFNP
JRKPFGDRPFGHRNHTEGHQJHNETGDHPHRHENKTRDPODRPMFEMRPFRENP
JRKPFCDRTFGHRNHTEGHQJHNET GDHPHRHHNKTRDGPQODRPMFEMRPFRENP
JRKPFGDRPFGHRNHTEGHQJHNETGDHPHRHENKTRDPODRPMFEMRPFRENP
JRKPFGDRPFGHRNHTEGHQJHNET GDHPHRHHNKTRDGPODRPMFEMRPFRENP
JRKPFGDRPFGHRNHTEGHQJHNETGDHPHRHENKTRDPODRPMFESRPFRENP
JRKPFGDRPFGHRNHTEGHQJHNET GDHPHRHHNKTRDGPODRPMFEMRPFRENP
JRKPFGDRPFGHRNHTEGHQJHNETGDHPHRHENKTRDPODRPMFEMRPFRENP
JRKPFGDRTFGHRNHTEGHQJHNET GDHPHRHHNKTRDGPODRPMFEMRPFRENP
JRKPFGDRPFGHRNHTEGHQHNETGDHPHRHENKTRDPPODRPMFEMRPEFWVNP
JRKPFGDRPFGHRNHTEGHQJHNET GDHPHRHHSKTGDGPQDRPMFETRPFWVNP
JRKPFGDRPFGHRNHTEGHQHNETGDHPHRHENKTRD(PPODRPMFEMRPFRENP
—————————— RTEGHQ(JINETGDHPHRHHNKTGDGPQDRPMFEMRPFRFNP
—————————— HTEGHQUHNETGDHPHRHHNKTGDJPQDRPMFEMRPEFRENP
—————————— HTEGHQGHNETGDHPHRHHNKTGDJPQDRPMFEMRPFRENP
—————————— HTEGHQUHNETGDHPHRHHNKTGDPQDRPMFEMRPEFRENP
—————————— HTEGHQGHNETGDHPHRHHNKTGDJPQDRPMFEMRPFRENP
—————————— HTEGHQUHNETGDHPHRHHNKTGDJPQDRPMFEMRPFRENP
—————————— HTEGHQGHNETGDHPHRHHNKTGDJPQDRPMFEMRPFRENP
—————————— HTEGHQUHNETGDHPHRHHNKTGDJPQDRPMFEMRPFREFNP
—————————— HTEGHQUHNETGDHPHRHHNKTGDJPQDRPMFEMRPFRENP
—————————— HTEGHQGHNETGDHPHRHHNKTGDJPQDRPMFEMRPFRENP
—————————— RTEGHQ(HNETGDHPHRHHSKTGDJPQDRPMFETRPEHVNP
—————————— RTEGHQ(HNETGDHPHRHHNKT GDJPQDRPMFEMRPFRFNP
—————————— HTEGHQJENETGCDHPHRHHNKTGCDCPODRPMFEMRPFRENP
R---——---- HTEGHQHHNETGDHPHRHHNKTGDRDQDRPMFEMRPEWVNP
RKPFGDRPFCRRNHTEGHQHNETGDHPHRHENKTRD PQDRPMFEMRPERENP
RKPFGDRPFGRRNHTEGHQAHNETGDHPHRHENKTRD PODRPMFEMRPFRENP
RKPFGDRPFCRRNHTEGNQUENETGDHPHRHENKTRD PQDRPMFEMRPERENP
RKPFGDRPFGRRNHTEGHQHNETGDHPHRHENKTRD PODRPMFEMRPEFREFNP
RKPFGDRPFCRRNHTEGHQENETGDHPHRHENKTRD PQDRPMFEMRPERENP
RKPFGDRPFCRRNHTEGHQAHNETGDHPHRHENKTRD PODRPMFEMRPFRFNP
RKPFGDRPFCRRNHTEGHQHNETGDHPHRHENKTRD PQDRPMFEMRPERENP




Al--2
A2--G
G2--10
G3--10
B2--10
B3--10
B3--2
B3--4
B5--10
B6--10
B7--10
B8--10
B8--G
c2--4
C3--4
C4--G
C5--4
D1--10
D1--10
D1--2
D1--4
D1d-G
D1£f-G
Dly-G
D5--10
D6--4
D6--10
D7--2
E10-4
E2--10
E2--2
E2--4
E2b-G
E2--G
E3--2
E3--2
E3--4
E6--2
E7--2
E8--2
E9--2
Fl1--2
01--10
01--10
01--10
01--2
01--4
01--G
08--2

410 420 430 440 450 460 470
P L e e e e e e s T I
FGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDTNVVAEV-
FGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDTNVVAEV-
FGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRRRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDTNVVAEV -
FGRKPFGDRPFGRRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDVNVVAEV -
FGRKPFGDRPFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
FGRKPFGDRPFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDVNVVAEV -
FGRKPFGDRPFGRRNGTEEJGSPRRDGHRRPHGNRGRWGENESEEKEHPTTESVITSSPPEVVEIAIND----— VAEV-
FGRKPFGDRPFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDVNVVAEV -
FGRKPFGGRPFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
FGRKPFGGRPFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKERPTTESVTTSSPPEVVEIAFNEEDVHVVAEV -
FGRKPFGGRPFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKERPTTESVTTSSPPEVVEIAFNEEDVNVVAEV -
FGRKPFGDRPFGRRNGTEHGSPRRDGHRHPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDVNVVAEVL
FGRKPFGDRPFGRRNRTEHGSPRRDGHRHPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDVNVVAEVY
FGRKPFGDRPEFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDVNVVAEV-
FGRKPFGDRPFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAFNEEDVNVVAEV -
LGRKPFGDRPFGRRNGTEEGSLRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPDVVEIAVNEEDVNVVAEV-
FGRKPFGDRPFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDVNVVAEV -
FGRKPFGGRPEFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
FGRKPFGGRPFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
FGRKPFGGRPEFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
FGRKPFGGRPFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
FGRKPFGDRLEGRRNGTEEGSSRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
LGRKPFGDRPFGRRNGTEEJSSPRRDGORRP Y GNRGR* — == === = ——— mmm oo e o e e o e e oo m oo o
FRRKPFGGRPFDRRNGTEEJGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV*
FGRKPFGGRPFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
FGRKPFGDRPEFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAVNEEDVNVVAEV-
FGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDTNVVAEV-
FGRKPFGGRPEFDRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVV--AINEEDINVVAEV-
FGRKPFGDRPFGRRNGTEE:SPRRDGORRPYGNRGRWGENESEEKEHPTTESVTITSSPP¥——-———————————————
FGRKPFGDRPFGRRNGTEEJGSPRRDGORRPHGNRGRWGENESEEKEHPTTESVTTYSPP* - - ————————————————
FGRKPFGDRPFGRRNGTEE:SPRRDGORRPYGNRGRWGENESEEKEHPTTESVTITSSPP¥——-———————————————
FGRKPFGDRPFGRRNGTEEJGSPRRDGORRPYGNRGRWGENESEEKEYPTTESVTTSSPP* - - ————————————————
FGRKPFGDRPFGRRNGTEE:SPRRDGORRPYGNRGRWGENESEEKEHPTTESVTITSSPP¥——————————————————
FGRKPFGDRPFGRRNGTEEJGSPRRDGORRPYGNRGRWGENESEEKEHPTTESVTTSSPP* - - - ———————————————
FGRKPFGDRPFGRRNGTEE:SPRRDGORRPYGNRGRWGENESEEKEHPTTESVTITSSPP¥——-———————————————
FGRKPFGDRPFGRRNGTEEJGSPRRDGORRPYGNRGRWGENESEEKEHPTTESVTTSSPP* - - - ———————————————
FGRKPFGDRPFGRRNGTEEJGSPRRDGORRPYGNRGRWGENESEEKEHPTTESVTTSSPP* - - - ———————————————
FGRKPFGDRPFGRRNGTEE:SPRRDGORRPYGNRGRWGENESEEKEYPTTESVITSSPP¥——-———————————————
FGRKPFGDRPEFGRRNGTEEGSPRRDGOQRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVAINEEDINVVAEV-—-—
FGRKPFGDRPFDRRNGTEEGSPRRDGHPHPHGNRGRWGENESEEKEHPTTESVTTSSPLKVIEIAINEVDTNVVAEV-
FGRKPFGDRPFGRRNGTEEJGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTYSPP* - - ————————————————
FGRKPFGDRPFGRRNGTEEGSPRRDGHRHPYGNRGRWGENESEEKEHPTTESITTSSPPEVVEIAVNEEDVNVVAEV -
FGRKPFGDRPEFGRRNGTEEGSPRRDGOQRRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAINDV--—---— AEV-
FGRKPFGDRPFGRRNGTEEGSPRRDGORRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAINDV-—-—--— AEV-
FGRKPFGDRPEFGRRNGTEEGSPRRDGORRPHGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAINDV--—---— AEV-

FGRKPFGDRPFGRRNGTEEGSPRRDGORRPYGNRGRWGENESEEKEHPTMESVTTSSPPEVVEIAINEVDTNGVAEV -
FGRKPFGDRPEFGRRNGTEEGSPRRDGHRRPYGNRGRWGENESEEKEHPTTESVTTSSPPEVVEIAINDV--—---— AEV-
FGRKPFGDRPFGRRNGTEEGSPRRDGORRPHGNRGRWGENESEEKEHPTTESVTTSSPPDVVEIAINDV-—-—--— AEV-
FGRKPFGDRPFGRRNGTEEJGSPRRDGORRPYGNRGRWGENESEEKEYPTTESVTTSSPP* - - ————————————————



Figure S4. The ClustalW alignment without manual correction includes a non-matching region of the deduced SpTrf
proteins. The alignment was done using ClustalW in BioEdit with the deduced protein sequences from animals as in Figure
S1. Standard parameters were used with full multiple alignment mode. Substitution scoring was set to relaxed. Explanations
of protein names, dashes, and asterisks are the same as for Figure S1. Element boarders based on the repeat-based alignment
are indicated by vertical black lines. Horizontal black lines indicate regions where non-matching elements overlap. Notes
on the alignment and elements of interest are labeled above those regions. Er indicates elements in the repeat-based alignment.
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