Additional Data File 6. ClustalwW alignment of the two rice duplicated genes and their homologous
genes from Arabidopsis (Atxgxxxxx.x), maize, sorghum and poplar. The phases of introns (0,1,2)
are highlighted. The gained introns are highlighted in green. The “~” indicates a missing intron at

that position. The “*” indicates no amino acid at that position.

CLUSTAL W (1.83) multiple sequence alignment

maize_ --MESSRMRCCMLLVVSLALLLPLG---MAADSIGSYCSGSS--YAGSSKAVANINSVLA
sorghum_ --MKFSTMRCCVLLVS--LALLPLG---MAADSIGSYCSGSR--YAGSNKAVTSINSVLA
LOC_0s039g16960.1 MAT1SSKACRCLLLYS--FALLPLS---MAMDPLGSYCSGNS--LAGSSKAVASINSVLT
LOC_0s05902200.1 MAMASSCSPLVAVLVALLLVAATVPAPCAAVDPVNTYCARN---LSGAP-AQASVAQVLS
At5g48540.1 --MKTLVVKCFLLLA----LVCSCR----AADSIWQLCNTNSN-1SASSQVSKNIDSLLA
poplar_ ——MSSSRFTSFLYLLTLSLLLQNVLG————VDPLYSSCSGNEKSTANYGSYKTSLDVLMS
* - [
maize_ DLVASASSTGGYATSTAGKGNNS-11YGLAQCRGDVSASDCASCLADAAKQLPSTCSYSS
sorghum_ DLVATASTGGGYATSTAGKGNN--11YGLAQCRGDVSASDCAACLADAAKQLPSTCSYSS
LOC_0s03g16960.1 DLVTKGSTGVGFATSTAGKGNN--VIYGLVQCRGDVSTSDCQACLASAANQILTSCNYQS
LOC_0s05g02200.1 ELVPRASAG-YYATATAGRGGDGSA IWGLAQCRGD IPAPDCALCASAAARQLAGACRGRA
At5g48540.1 TLVSKTPSK-GFKTTTSSSYNNKEKVYGLAQCRGD ISNTDCSTCIQDAAKKIREVCQNQS
poplar_ SFYQLAPAKEGFALGSLG QKNLDRPYGLVLCRGDVSSPDCSACVADATREIRKRCPYGK
- o - - _ - -** ****-_ ** * *:-::
maize_ DARI2WYDYCFMRYENANFFGQADTDAGV I LVNVQAMD--NPKAFEKAVGKVMGKATAQAS
sorghum_ DARI12WYDYCFMRYENADFFGQADTGAGV I LVNVQAMD--NPKAFEKAVGKV IGKATAQAS
LOC_0s03916960.1 DSRI2WYDYCFMRFENENFFGQADTDNGV IMENVQAMD--NAKAFQKAVGKVMSKATAQVS
LOC_0s05g02200.1 DARV=WYDYCFARYDDADFVGLPDTGYAL ILLNTONAT--DPEAFEKAQRKVMARVAADAG
At5g48540.1 DSRI=LYDFCFLRYSQENF IGKLDTGAGL 1YFNVANVTE IDPKKFDNELGALFDKIRSEAV
poplar_ SGFI~AYDNCLLKYSNKDFFGQIDSQNKIYLYNVRNVS——NPVVFNQKTKDLLSQLANKAY
. -** *- -- -*_* *- - _ - *:: - - .
maize_ AAGSAGLGRDKEQYTPFVSI1YGLAQCTRDLAPLTCAQCLSTALSRFGDYCGAQQGCQINY
sorghum_ AAGSAGLGRDKDQYTPFVSI1YGLAQCTRDLAPLTCAQCLSTAVSRFGDYCGAQQGCQINY
LOC_0s03g16960.1 QAGSGGLGRVKDQYTPFINTYGFAQCTRDLSPLTCAQCLSTAVSRFDQYCGAQQGCRILY
LOC_0s05902200.1 DAGGGGLARETARFKDGVT 1 YGLGWCTRD I TAADCGLCVAQAVAEMPNYCRFRRGCRVLY
At5g48540.1 LPKNKGLGKGKTKLTPFVTLNGLVQCTRDLSELDCAQCFATAVGSFMTTCHNKKGCRVLY
poplar_ 1AR- KMYATGELGLGGSKKLYGMAQCTRDLSSANCKKCLDGAISELQGFAGGKEGGRVTG
_ _ - *- ****-- *_ *:_ - _ :_* .-
maize_ SSCRVRYEI'YPFYFPLAGKG--GGLATTDMTKNTKIVVRP
sorghum_ SSCRVRYE1'YPFYFPLAGNGGAGGRATTDMTKNTKI 1VHP
LOC_0s03g16960.1 SSCMVRYEIYPFYFPLATSS-—-—-TATTDMTKYTKT I'VHH
LOC_0s05g02200.1 SSCMARYETYPFFFPLDGGQ-SADASASAAGDYDRVVLNP
At5g48540.1 SSCYVRYEFYPFYFPLDPAK-—-—-- TGPSVGRISSVHLSP

poplar_ GSCTVRYE IYPFVKA——————— e

**x *KkKh Kkk
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-—-MRALALA----VVAMAVVAVRGEQCGSQAGGALCPNCLCCSQYGWCGSTSDYCG-AG
--MMRALAVLAM--VALFAASSARAEQCGTQAGGALCPNCLCCSKFGWCGSTSDYCG-SG
MAMTRALAMVAMLATAALFFMSARAQQCGTQAGGALCPDCLCCSQWGYCGSTPDYCT-DG
———MKTNLFLFL--IFSLLLSLSSAEQCGRQAGGALCPNGLCCSEFGWCGNTEPYCKQPG
—-—-MRRLLPLAG----ATLLIAAAGGASGQQAG———=-———————— = ——

CQSQCSG-GCGGGPTP----PSSGGGSGVAS I 1 SPSLFDQMLLHRNDQACAAKGFYTYDA
CQSQCTG-SCGSTPSTPTPTPSSGGGGSVAS I 1 SESLFNQMLLHRNDAACPANGFYTYSA
CQSQCFGSGCGGGGGT-~-—--PATPPSGPVSE I I SESLFNEMLLHRNDVACPAIGFYTYDA
CQSQCTP-—-GG-——————~— TPPGPTGDLSG I 1 SSSQFDDMLKHRNDAACPARGFYTYNA
---------------------------- VGS 1 1 TRAMFESMLSHRGDQGCQG-AFYTYDA

FVAAANAYPDFATTGDADTCKREVAAFLAQTSHETTGGWPTAPDGPYSWGYCFKEEN-NG

FI1AAANAFPGFGTTGGADTQKRELAAFLAQTSHETTGGWATAPDGAYAWGY CFKEEQGAA

FIAAANAFPGFGTTGGADTQKRELAAFLAQTSHETTGGWDTAPDGPYTWGYCFKEEVGGY

FITAAKSFPGFGTTGDTATRKKEVAAFFGQTSHETTGGWATAPDGPYSWGYCFKQEQ--N

FIKAAGDFPRFGTTGNDETRRRELAAFFGQTSHETTGGWATAPDGPFAWGYCRVNEITPS

—————————————————————————————————————— WNLTASGPRPN--—=—=————-
* *

NAPTYCEPKPEWPCAAGKKYYGRGPIQITEYNYNYGPAGQAIGSDLLNNPDLVASDATVSF
SGPDYCEPSTQWPCAAGKKYYGRGPIQIS=YNYNYGAAGQAIGAGILANPDLVASDPTVSF
WGPDYCQPSPQWPCADGQKYYGRGP IQLSEWNYNYGPAGEA IGQDLLGNPGLVAADATVSF
PASDYCEPSATWPCASGKRYYGRGPMQLS=WNYNYGLCGRA1GVDLLNNPDLVANDAV IAF

DPP—— oo YYGRGP 1QLT2HKYNYQLAGDALGLDLVNNPDLVSSDPVVAF
--------------------- PQG-----2SYHYGLIKTSRT ITLANSGP I INRKQRYAV

- % * =%k - - -

KTAFWFWMTPQSPKPSCHAV ITGQWTPSADDQAAGRVPGYGEI TN INGGVECGHG-ADD
ETAVWFWMTPQSPKPSCHAVMTGQWTPSGADTAAGRLPGYGVVTNI INGGLECGKG-ADS
ETALWYWMTPQPPKPSCHDV ITGQWAPSPADVAAGRLPGYGVLTNI INGGLECGHG-ADA
KAATWFWMTAQPPKPSCHAV I AGQWQPSDADRAAGRLPGYGVITNI INGGLECGRG-QDG
RTAIWFWMTAQSPKPSCHDV ITNQWTPSGDDRSSGRLPGYGMATN I INGGEECGKGYSTD
N-GVSY IPADTPLKIADYFNIPGVFSLGSMPSS-—---PSWGNNAYLQTAVMSAN—————-

- * = - - * =Kk -

KVADRIGFYKRYCDMLGVSYGDNLDCYNQRPYPPS—-—-—--
RVADRIGFYKRYCDLLGVSYGDNLDCANQKPFNS—=———--
RVASRIGFYKRYCDMF-—==—=—= === —— o ———
RVADRIGFYQRYCNIFGVNPGGNLDCYNQRSFVNGLLEAAI
NAKDRVGYYKRYCDMFRVGYGDNIACRDQKPYGGG—-——--
———————— FREFIEIVFQNWEDTVQSWHID---—====—--
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--MGPLLRAAVLSVALLALAAVGGEAHSASDFLNIFKPRNEHDYFHNANQGQEEDVMPR-
-MWPLLLRAAVVYAALLAAG----EADGSHDVLD IFGTRSESDYYRNAFQGKQGQAVPLP
MGSSSLPRAAVLAVALLLLLAD--SGEAFFDLFSIFRPRSDSDYFP--FDGSPGQAKRKP
--MKASTRVIWT ISVLMLAAVS--EAIFPLPFLPFLPG---—-- FNNGFRDNEAVKVAKP

————— ASDQQNL I TAPVSSTGLMNVPPRSAPTAVAQDTVVLPVDNAAGFPGAWSM I SENA
RGGGLRREQQELGAAGPGGSGLSKAPPRSAPSKVALDSLKLPVDTSAGFAGGWNLVSENS
————— K1EQEEDGAAPATATGLTKVPPLGAPSKAALDT I'VLPVDDSAGHAGSWT IVSENS
—————————————— QPAGAVG----------GKAARRQRGGGLDAQTTWGGKWELFLENS

GVSAMHMV IMHSD-KAIMFDTVTTGPSLLRLPKGNCRLDLRSKEVGAQDCAAHAVEFDYA
GVSAMHLVVMQHG-KAIMFDTCTTGRSLMRLPPGRCRPDPRSKQPGAMDCWAHAVEFDYN
GVSAMHLAVMRHG-KAIMFDTSTTGRSLMRLPMNNCRADPRAKREGTMDCWAHAVEFDYS
GVSGMHAILMPVINKVQYYDAT IWR 1 SKIKLPPG-VPCHVVDAKTNKVDCWAHS I LMDVN

TNGVRALKILTDVWCSSGALDAEGNLVQTGGYFEGEKVVRYLSPCGNCDWREFPGSLAEG
TGALRSLKIVTDTWCSSGAFDADGNMVQTGGFFEGDKSVRYLSACGTCDWKEFPKSLADG
TGALRSLKTATDTWCSSGAFDADGNL 1QTGGYFEGDKAVRRLDACDTCDWREYPNSFAEG
TGALKPLGLSTDTWCSSGGLTVNGTLVSTGGYGGGANTARYLSSCENCKWEEYPQALAAK

R=RYGTQQLLPDGRSIVLGGRRAFSYEFVPAEGQSNAQAIPLQILRDTTDDVENNLYPFVH
R=WYGTQQILPDGRSIVLGGRRAFSYEFVPAEGQSNAQANPLQILRDTTDDVENNLYPFVH
R2WYGTQLVLPDGSFI1VIGGRRAFSYEFVPAAGRANARATPLRLLRDTTDDVENNLYPFVN
R=WYATQQVLPDGRFIVFGGRRAFSYEFVPQPGMTNGQS I KFPLLRETTDDVENNLYPFVN
R=WYSTQATLPDGKFFVIGGRDALNYEY IPEEGQNNRKLFDSLLLRQTDDPEENNLYPFVW

* X X% *khkXx =k=-kkk K*- F*k--% * * - =k*k=-k% * R R R

LLPDGTLFIFANDRSILFDPRNGQVVREFPVLPGGGRNYPASGMSALLPLDLR---RGDV
LLPDGTLFIFANDRSILFDPRNGQVVRELPVLPGGGRNYPASGMSALLPLDLR---RGDV
LLPDGTLFIFANDRSIVFNYRTGQVVRELP ILPGGSRNYPASAMSTLLPLDLR---KGAG
LLPDGNLFVFANDRSVVFDHRTGKVVRELPKLAGGGRNHPASAMSAMLPLDLRNLTRGAD
LNTDGNLFIFANNRSILLSPKTNQVIKEFPQLPGGARNYPGSGSSALLPIQLYVK NPKV

* ** ** k= = **--- -*--* * * ** ** * * *--**--*

LSPEVIVCGGSPKNAFTLGESNTFPPALKDCAR INPLKPDARWALDQMPVARTMGDLLIL
LSPEVIVCGGAPKNAFKLGEANTFNAALKDCAR INPLKPGARWATDQMPVPRTMGDLLVL
LSAEVI11CGGATKNAFKLGETSTFPPALRDCARINPSKPGARWALDQMPSGRVMGDVLIL
PEPEVI1VCGGALKTAFRLGENNTYQPTLRDCARINLGKIDAVWAVEAMPVGRVMGDLLVL
IPAEVLVCGGSKQDAYYKAGKKITYEPALQDCARIRINSAKPRWKTEMMPTPRIMSDTVIL

*k=-=-kkk- - K- - =k =kkkkXx * - *% * * * -=-%

PTGDLL ILNGAAKGCSGWGFGRQPVLSPLLYSPRQARGSRFRALAPTT IPRMYHATSAVL
PTGDLLMLNGAAKGCSGWGFGRQPVLSPLLYTPRLKRGSRFRALAPTT IPRMYHASSAVL
PTGDLLMLNGAAKGCSGWGFGRQALLSPVLYSPYLRRGKRFRVLNPSNIPRMYHSTSALL
PTGDLLMLNGAAKGSSGWGFARQP ILSPILYSPRHPEGSRFRPLAASTVARMYHSTSAVL
PNGD ILLVYNGAKRGCSGWGYGKDPAFAPLLYKPHAARGKRFRQLKPTT IPRMYHSSAITIL
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* *kxk X - - ****--- -%

PDATVLVAGSNTNSAYNFSGVDFQTEVRVERFTPPYLAPERAANRPAIDVATVPGDGMAY
PDATVIVAGSNTNSAYNFSGVDFQTEVRVERFTPPYLSPELAANRPVIDVGTVPGDGMAY
PDATVLVAGSNTNSAYNFSGVDFPTEVRVERFTPPYLSPQLSPNRPAIDAASVPGDGMRY
PDATVLVAGGNTNAAYNFSGVDFPTEVRVERFAPPYLSRELTGNRAV IDVASVPAGGMRY
PDGKVLVGGSNTNDGYKYN- VEFPTELRVEKFSPPYLDPALANIRPKIVTTGTP KQVKY

** ****** *-- **** ******** - * - %

GAKFTFQFSTPVQAVAEPDLKVTMYAPPFTTHGY SMNQRLLVLSVTAFAANGQRYTITVD
GAKFTLQFSTPGQAVVQDDVKVTLYAPPFTTHGYSMNQRLLVLSVTTFTADGQRHTVTVD
GARFTFRFTTPAQGVGQGDFKVTMYAPPFTTHGYSMNQRLL ILPVTAFAAQGQRHTVTVD
GTKFTFRFHTPVAAVEWGDVRVTMYAPPFTTHGY SMNQRLLVLPVAGFSAQGQMYELTVD
GQFFNVKVDLKEKGATKGNLKVTMLAPAFTTHSISMNMRMLILGVNNVKPAGAGYDIQAV

- -**- ** **** *xx * *x - * *

APGKPELAPPGYYLLYVIAKGVPSKAAWVKVHK
APGKPELAPPGYYMLYVIAKGVPSKAAWVKVHK
APPKPELAPPGYYMVYVVAKGVPSKAAWVKMHK
TPRKPELAPPGYYLVYVVSKDVPSEAAWVKIQ-
APPNGNIAPPGYYLIFAIYKGVPSTGEWIQVV-

=% = --******--- = * *%*k *=- - -

multiple sequence alignment

-------------- MDRPNLAVAVVGLLAVVAATLP----—--APS--WQFFDLFLPAGP
———ME I ISPSSSSNNNSPVLATFLVVLVVLLASSRP-—————— ASSQNQQSFT INPGGAA
MARQNCHRPSGVALVAIAITATTLLLPCLVSVASSPEEEPLPSSSSSSDDSVAGNGGYGA
---------------- MGYNYVSLIVTILLVVITSP--—--————————-VVFGNDAAP IP
SHRSSGG--GFGKWVLMNHEEYVEKKSLYAMKAAGD - -——- 1GG-—KT IDASLSAAEEAK
AARPGGGKGGGGGGGPGSFSDFLTQNVQHYVLSEQK————— YAGKVKALDAELSAAEAGA

TNNNN I KMPAADGGAAGSFTEFVTENVELYSNVSSEQHKYGAGAGGKVWDPELLAAQGMA
ENK-———————m e - GRIEQWFNTN= = === — - mmm oo

VTWVVDPKGTPGDTTFTTIAAALEKVPEGNTKRV ILDLKPGAEF=REKLLLNITKPY ITFK
ARYVVSGDGKG---KFRTITEAIKAVPEYNKKRVILDIRPG-TY2KEKLLIPFTKPFITFV
LRYVVSPDGKG---KFRSINEAIKAVPDGNKRRVILD IRTA-TYFKEKVVVPYMKPFVTFS
-——-VKQNGRG---HFKTITEAINSVRAGNTRRVI IKIGPG-VYFKEKVT IDRSKPFITLY

SDPANPAV I AWNDMAATRGKDGKPVGTVGSTTVAVESDYFMAYGVVFKNDAPLAKPGAEG
——————————————————————— PVGTVGSATLAVESDYFTAYGVVFRNDAPLAKPGAKG
GNPRSPPT IMWDDRAATHGKDGQPMGTMLSATVAVEADYFMASS I I FKNNAPMAAPGAHG
GNPKNPPV IMWDDRAATRGKDGKPVGTYGSATVAVESDYFMASGVHFKNAAPLAAPGTEG
GHPNAMPVLTFDGTAAQYG--—-——- TVDSATLIVLSDYFMAVNIILKNSAPMPDGKRKG

* * *- * -*** * - --* *x -
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GQAVALRLFGTKAATYNCTIDGGQDTLYDHKGLHY IKDSL IMGSVDFIFGFGRSLYEGCT
GQAVAVRLFGTKTQIYNCTIDGGQDTLYDHKGLHYFKGCL IRGSVDFIFGFGRSFYEDCR
GQAVALRVFGSKVAMYNCT IDGGQDTLYDHKGLHYFKNCL IRGSVDFIFGFGRSLYADCT
GQAVAVRVYGNKAAFYDCTFDGGQDTLYDHRGLHYFKSCHIQGTVDFIFGFGRSLYEDCA
AQALSMR ISGNKAAFYNCKFYGYQDT ICDDTGNHFFKDCY IEGTFDFIFGSGRSLYLGTQ

**---*- * * =k=-% - * ***k- * * * = =% * K= Fkhkkkk KXk -%

IVSVTKEVSVLTAQQRTKT IEGAIESGFSFKNCSIKGQ---GQ 1 YLGRAWGDSSRVVYSY
IESVVKEVAVLTAQQRSKSIEGAIDTGFSFKNCSI1GGVK-GGQ I YLGRAWGDSSRVVYSY
IESVTKEVAVVTAQQRSKNIAEAIDTGFSFLRCKISGI---GQ I YLGRAWGDSSRVVYSY
ITSVTKDVAIVTAQQRTRSIADALETGFSFLRCRIGSSTGAGQ1YLGRAWGDSSRVVYAY
LNVVGDGIRVITAHAG———KSAAEKSGYSFVHCKVTGTG——TGIYLGRSWMSHPKVVYAY

- - --**- * -* ** * - ***** * -*** *

TDMSKEVVP IGWDGWN IAKPESSG I YYGEFKCTGPGSDAKK--RVGWALDLTADQAKPFI
TKMGEEVVPVGWDGWQ IAKPESSG 1 YYGEFKCFGPGADAKKKKRVGWALDLTEAQAKPFV
TTMGKEVVP I GWDGWEVQKPEHSG 1 YYGEYKCSGPGALPSK--RIGWSLVLSD 1QAKPFT
TTMGKEVVPVGWDKWTVQKPEHSGIYYGEYQCSGPGALPHK--R-—====—=—=———————
TDMSSVVNPSGWQENREAGRDKT VFYGEYKCTGTGSHKEK——RVKYTQDIDDIEAKYFI

* * * * **- - = =kkk ==k X *- *

GTHY 1YGDSWILPPPDGKSAASTSTASKSTASAIPRNSTAPATATESNSTAPATPSNSTA
GTHYVLGDTWEQPPPK—— = = = = = o o e
GSHFVYGDSW I LPPPKSM= = = = = = = = — — o e e

------------------ MAAHTVTDPLEELWNHTMSMDKTHLMCFYPSK I TMGGVWTGD
MAP IMSGAAAAAGGTGGAVPL IKNATSASQMSRGKAGTGAGAVVCYSPMMVTAYG IWQGA
------------------------------ MATSEEPSTDAS I ICYAPSMITTNGVWQGD

NPLDFSIPLLLFQILLITSTTRAATLLLSPLRLPTY I1SQILAGFLLGPSVLGHLPHFSNL
SPLDFSLPLFLLQVAIIVATTRLLVILLKPFRQPRVIAEILAGVILGPSVMGQVSTWAVK
NPLDFSLPLFVLQLTLVVVVTRFFVFILKPFRQPRVISEILGGIVLGPSVLGRSTKFAHT

VFPVRSLFVLESMALLGLVYYTFIVGVEIEVSAITRAGIRSFGFAIGCTLPPFLVGALTG
VFPERSLLTLETVAHLGLLYFLFLVGLEMDVNT IRRSGKKAL 1 IAVAGMALPFCIGTATS
IFPQRSVMVLETMANVGLLYFLFLVGVEMD IMVVRKTGKRALT IA1GGMVLPFLIGAAFS
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YVALSTDDKHKGDTFLNKLSFP IFLGSTFSSTAFAVLARN IAELKLAGTDVGQLTLSASL
FIFR-—-——- HQVSKNVHQASFLLFLGVALSVTAFPVLARILAEVKLLNSDLGRIAMSAALI
FSM—=———- HRSEDHLGQGTY ILFLGVALSVTAFPVLARILAELKLINTEIGRISMSAAL

INDTFAWTGLTVATVLGHSRCTITQTTWTLTSGVVIFGASYLLLRPMLLRLARRAAEGEA
VNDMCAWILLALATAISEVNSSAFSSLWVLIAGVAFVLACFYVVRPLMWWIVRRVPEGEA
VNDMFAWILLALATALAESDKTSFASLWVMISSAVFIAVCVFVVRPGIAWI IRKTPEGEN

VGEDRECWIL IGVMVAALVADAGGTHAI FGAFVFGLAVPNGPVGVALVEKVEDFVVGALL
IGDVHITLILTGVMVAGVCTDAIGIHSVFGAFVYGLVMPSGPLGVVLIEKLEDFVTGLLL
FSEFHICLILTGVMISGFITDAIGTHSVFGAFVFGLV IPNGPLGLTL IEKLEDFVSGLLL

------------------------------------------------ MPLLDGTSIGLL
PLFFALSGLRTDTAK I TNMHSAVLLMVAAMVAAVLKVVAA I GVAGVFGMPLGDGTS 1GLL
PLFFAISGLRTNVTKVRDP I TVGLLVLVFVMASFAK IMGT IL1AVSYTMTFRDGVALGFL
PLFFAISGLKTNIAAIQGPATWLTLFLY IFLACAGKV I1GTVIVAFFHGMPVREG I TLGLL

——————————————————— A-MSDQSFTVLVFMSALITALVTPLLALVVKPARRLVFYKRR
LNTKGIIELI ILNIGRNKR=IMSDQSFTVLVFMSALITALVTPLLALVVKPARRLVFYKRR
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