A

10 20 30 40 50 60 70 80 90 100 110 120
Helitron MPRRLSASQQOSQRRKLRNRSNR-DRNLGNLENIEFIENRELVIDAHPXFVEP VSGVH Q A INAQNKRQVSVRQSVRLRNQHVENIEERV

~XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX

Muller-A

130 140 150 160 170 180
Helitron EL YRATEQAQ IRREEQVADT

220 230 240

RHEEQVADT

'VEHIVRRT

Muller-A XXXXXXXQVANT DYRA DIRHEEQVANT
250 260 270 280 290 300 310 320 330 340 350 360 370
Helitron DARI DY VEHIVRXTDAQI. I ARQA
Muller-A DAQI DY VEHI! DY I I ARQA
380 390 400 410 420 430 440 450 460 470 480 490
Helitron ARAAARQLEIDAARTASQRVSQY ISQEDRAQIEPRIRLSGLEALKVVYNRNVKLGPDQVCLSCKGLWFPKQICKIPRVLLESDCEFSGEIFALESLLEFPS
Muller-A ARAAARQLEIDAARTASQRVSQY I ﬂ“h‘ﬂnTF‘DRIRLSGLEALKWYNRWKLGPDQVCLSCKGLWFPKQICKIPRVLLESDCEFSGEIPALESLLEPPS
500 510 520 530 540 550 560 570 580 590 600 610 620

Helitron DCPTLKFCRTCHSNIKKRIKPKLFFNELDFPTLPDCLKGLTPLEERLISPRLPFMIIKPILPGGRGONAIKGAVVNVPISVSDIVKELPRAFHEAQVI! QLHLKRRKEYLHAFMAET IRPSKIFEA

Muller-A DCPTLKFCRTCHSNLKKRIKPKLFFNELDFPMLPDCLKGLTPLEERLISPRLPFMIIKPILPGGRGQONAI KGAWNVP ISVSDIVKELPRAFHEAQVI QLHLKRRKEYLHAFMAET IRPSKIFEA

630 640 650 660 670 680 690 700 710 720 730 740
Helitron LRYLVTTDLYKKHWWNEQWISGFTSDIVPFVASQADAAF' ETLLENNIPFDDRIIKIAPGQGORPLDMILDIDSEELSFPTIYAGVKRQSSQ
Muller-A LRYLVTTDLYKKHNVWNX XXXXXX
750 760 770 780 790 800 810 820 830 840 850 860 870
Helitron SFTTI Vi RTDKLFFNYKKLELIKIRNNISICL ANAL IGGLINHDEGYRVLRDI! KKVMAMIRQFGLPTFFITLSA LVLLKK
Muller-A ALMLII FRNN SANESK.
880 890 900 910 920 930 940 950 960 970 980 990
Helitron NVDREII PYTEKERLI 'VTCARYFD-YRYREILKVMRNREGIFGENFVIKYYWRVEFQQORGSPHIHGMFWLKDAPAVDLTSTESISTVIAFINKHITVDVTDSELAPYVEYQKH
Muller-A -—-----—mm———mm e SIQEREKSIDPV---EY*G/YNY--LLQIL ------------ VLEYWA*EREC! CTIMV TKSE.
1000 1010 1020 1030 1040 1050 1060 1070 1080 1090 1100 1110 1120

Helitron RHKDMSCLKKANKSGKKVCRFGIPYPPMPQTEILSPLPEETPNLDFHQGNFKKIQDLLNSDQSSDMIDHLSIFENFLSHEQVSLNYEDYKYAISSGLKKPHIFLKRSFAEICVNAYNKHIISMOR

Muller-A --RRLSILR SFE YLFLK: V*PNNIL*MOR

1130 1140 1150 1160 1170 1180 1190 1200 1210 1220 1230 1240
Helitron ANMDIQYILDPYACCSYI INYINKTQRGISKLMREAAKEVQGGNYTXRQKLQHIGHKFISGTEISAQEAVYCCLGI PLSGTSNKCVQVNTPPPEQRVRMLKSTSILQNMHQESTDIPVKGLLERY

Muller-A ANMDIQYILDPYACCSYIINYINKTQRGISKLMREAAKEVQGGNYTIRQKLQHIGHKFISGTEISAQEAVYCCLGI"' 'QUNTFPP! KSTSIL IFVKGLLERY
1250 1260 1270 1280 1290 1300 1310 1320 1330 1340 1350 1360 1370
Helitron EQRPTDLEGLCLADFAANYEF GKRTC! DVEVF I IRERTKPSILKYMRFNI FRALAMLFY VSVNCEDLYNNHQELVNSNPQKFNAL
Muller-A EQRPTDLEGLCLADFAANYEFFKSAKRTC DVEVF I IRERTKPSILKY=-===~ FRALAMLFY M: VNCEDLYNNNQDLVNSNPQKFNAL
1380 1390 1400 1410 1420 1430 1440 1450 1460 1470 1480 1490
Helitron GDLEDAL V. I. RALAIPEL nT“VLNLNDQAADQDRSIRLIK-LPPIVSLNILAN!.IRSLNLKQKTYLTHVLHNVRNKAVPYEFVGGGAGVGKSRTISTIPQT

Muller-A GDLEDAL V. I. RALAIPEL nT“VLNLNDQAADQDRSIRLIK/LPPIVSLNILANLIRSLNLKQ ~ILHNVRNKVVFNEFVGGGAGVGKSRTISTIFQT
1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 1600 1610 1620
Helitron ISQEFNRRPGSNPETVKVLLCAPTGKAAFGIGGATLHSMFSLPLNQOSNHAFKQLGPDLLNTLRSRFIDLKILIIDEI DMRLKQI SVIVFGDLRQLC! I

Muller-A ISQEFNRRPGSNPETVKVLLCAPTGKAAFGIGGATLHSMFSLPLNQSNHAFKQLGPDLLNTLRSRFIDLKILIIDEI: DMRLKQI SVIVFGDLRQLC! I

1630 1640 1650 1660 1670 1680 1690 1700 1710 1720 1730 1740
Helitron FKSSSGAHNPYSAIVGSSLWDGFKFFELTEI! F. IQLLRDRI IHLFY YNKEKLSSIMTAEYTSIALDSIKAEHLNPDIKTKYLDSV
Muller-A FKSSSGAHNPYSAIVGSSLWDGFKFFELTEI! F. IQLLRDRI IHLFY YNKEKLSSIMTAEYTSIALDSIKAEHLNPXIKTKYLDSV
1750 1760 1770 1780 1790 1800 1810 1820 1830 1840 1850 1860 1870
Helitron KSF CTSLVLKTTAK! VN MQIDL LWIHFL )YHONEQVTIDRKQFPIVAAEAITI b4
Muller-A KSF CTSLVLKTTAK! VN MQIDL LWIHFL )YHONEQVTIDRKQFPIVAAEAITI b4
1880 1890 1900 1910 1920 1930 1940 1950 1960 1970 1980 1990
Helitron SKVV LYVAC .YIVGPLIPSRPKRDCPVAKEMENLRSAKLLHTHFDCLLNPSELNIFFHNTESLHCHF IDVCSDQLMLKSSILCFVEASTYSNEAYNIPGFSTAVRL
Muller-A SKVV LYVAC .YIVGPLIPSRPKRDCPVAKEMENLRSAKLLHTHFDCLLNPSELNIFFHNKESLHCHF IDVCSDQLMLKSSILCFVEASTYSNEAYNIPGFSTAVRL
2000 2010 2020 2030 2040 2050

Helitron DCQSVASGARPKRGILIFVRNELLNHCSIIESNRYYADSGNLASPVFEYALFKYKS B

Muller-A DCQSVASGARPKRGILIFVRNELLNHCSIIESNRYYADSGNLASPVFEYALFKYKS

D. miranda
non-autonomous helitron (ISX)

D. miranda
autonomous helitron

D. persimilis
helitron helicase




