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1. H. brevisubulatum

2. H. vulgare_ H

3. H. spontaneum_1H
4. H. vulgare_6H

5. H. spontaneum_6
6. Canonical H3

d. Accession numbers are

igne
given in Table S1. The sequence of canonical histone H3.3 in H. vulgare was retrieved from GenBank (accession number 769350).
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Figure S1. CENH3 nucleotide sequences from barley spec
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1. B. sylvaticum NFNENEETEAY S CENNICYCNE OBEE4R V QY ER SERWTABRPPVMRQYPPPP L PIMRKKARRSRPGTIRALREE | RKMQSHAGL LTAFARIF - - ----- - - - R L V|
2. B. distachyon NINGEWAEERY P FENNCXNE O EEE4R AQ Y ER SEIRWTABIPPVMRQYPPAP -PIRKKARRSRPGTIALEKEA IRKMQSHTGMLTAFARIF - - ------ - - VR L V]
3. B. stacei_1 VINENEEERY S CAENoYeld - BXEd- AG - PRSESWTARPP T - - - - - - - - LMMREKARRLRAATINA LA IRNINE SHTGPLTVTARF--------- - IR L V|
4. B. stacei 2 VNGRS CAENOYeld - BREA-AG - - - -BVRALEA* LDCAAADAEAGEAGAPVTGGHGCARNGDEIEPIREMHRIMAHRHRALREPGEGDQRL L F EQRENMM
1(I)O 1]0 1|20 1|3O 14|10 1|50 1§O 1|7O 12}0 é
1. B. sylvaticum EAT -BIF YENIS G SHNVERWTERIQOINNVINMQE AAEY Y - - - - - - - = - - - - - = - - - - VVDLFGAANMLA | HAKRVTIHETQKDWHQLARR I SGRFH
2. B. distachyon IAT -BIF YEINS D SHEVEHHWTE * NN VIMMQE AAEYC - - - - - = = = = = — = — = — — — - VVDLFGAANMLA | HAKRVTITKGHTASKANQWP | SM
3. B. stacei_1 IS -BIF YENS D SHAVEHRWTERRINNANMAQV EAEGCHPCQACHHNDKEEHLQDPVPEPLPQP LIMQATGVHFCGLAPAELEAAKLNNDDLMPND S TEEDHN
4.B.stacei 2 MALBS SHARCVINAGHRG LE-FMPEISP *GRTF - - - - - - - - = - == == == — = — - - LA*RRRIMVVRHRRRPLSLRPGLRLSLLLPRLTHLLLRP

Figure S2. An amino acid alignment inferred using the genomic sequences of three Brachypodium species (accession
numbers are given in Table S1). Asterisks stand for stop codons in the sequences of sample 2 and sample 4.

The aberrant transcript of B. stacei 1 was predicted by mapping the transcriptome of B. stacei (SRR4094449, SRR4094447,
DRRO090154) onto its genome using HISAT2 [70] followed by an analysis of the transcripts with StringTie [73].
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Figure S3. Experimental confirmation of the presence of a stop codon in exon 2 of BCENH3 in B. distachyon.

1. A schematic of locus LOC100830307 retrieved from GenBank. 2. A schematic of a 1776-bp transcript from the locus. Exons appear as white
finger-post arrows. 3. A schematic of sequences in locus LOC100830307 homologous to SCENH3 and aCENH3 in the rye genome [25]. 4. Products
of RT-PCR with primers of 1 and 2 for aCENH3 and primers 3 and 4 for SCENH3. Arrows point to the primer positions, stop codons are shown by

cross. The upper scale shows the dimensions in bp.



Identity

1 10 20 30 40

1. S. angustifolia WARENNE - -QVSKTQP--—---------~- KPRI4AM----QYE-L'S
2. P. virgatum K MAREINEPA-VRKSKE--=--------- QP[CLER - - - -QFG-RIS
3. P. virgatum N WARINAE AA-VRKSKE-=--=------~ QPICLdR - - - -QFG-RIS
4. Z. mays WARNNE QA-VRKTAE-=——-—-=-----~- KIP[€LEl - - - -QFE-RIS
5. O. sativa MARENEPA-VRKSKA--—-—--------~- EPCLE - - - -QFE-R'S
6. R. distichophylla MARNNEPA- ARKAKP - = - —--—-----~- QPILYdN - - - -QFE-R'S
7. N. stricta MARNNEPA- ARKVKA-----=-==---~- QPI[L4®N - - - -QFE-R'S
8. M. nutans W AREESE VA-VRKSKH-—---------~- QP[TLE - - - -QFE-GS
9. S. sibirica MARNNEPA-VRKSKP-==—-—-=-----~- LIPLCeOM - - - -QFE-R'S
10. S. breviflora NARSINEPA-VRKLKP--~---=------ QAL - - - -QFE-RS
11. L. perenne MAREENEPA-ARNSRP - == - ---=---~- QPIC - - - -QFG-RIS
12. D. glomerata MARNNE TA-ERSTRP-—----------- L/P[E4eI® - - - -QFA-R -
13. A. sativa MAREESEPA-VRNSRP-—-—-~---=---- PPLCELEN - - - -RFAART
14. B. distachyon VARENSRPA- IRKSKP-—---—---—----- QPIE*M - - - -QFE-RT
15. B. sylvaticum NMARINYRPA- IRKSKP-—--~--------- QP[4eIE - - - -QFE-RA
16. B. stacei MARENSRPA- IRKSKP--~---------- VPLLEeMl - - - -QFE-RA
17. H. brevisubulatum NARERNEPA-VRKSKV------------ PIPLCLdl - - - -GSA-RS
18. H. vulgare MARNNEPA-VRKSKA---=—--—-=---~- PPLECH - - - -GSA-SIS
19. H. spontaneum NARNNEPA-VRKSKA-~—-—--------~- PIPLCEdl - - - -GSA-SIS
20. S. cereale MARINNEPA-VRKTKV - == - -=-----~- PPICCER----G

21. T. urartu MARENEPA-VRKTKA--—-—--------~- PPLEIR - - - -G

22. Ae. speltoides MARNNEPA-VRKTKA-=———--—-----~- PP --- -G

23. Ae. tauschii NMARNNEPA-VRKTKA---~-—--—-=---~- PP ----G

24. T. aestivum A NARNNEPA-VRKTKA--——-—-=-----~- PPLEIR - - - -G

25.T. aestivum B NMARNNEPA-VRKTKA-=-==-==-=---~- LIPLCOI - - - -G

26. T. aestivum D NMARNNEPA-VRKTKA---=—-—-=---~- PP ----G

27. S. sibirica WARERME PA- ARMSRPf- === ~===~---~ EIPLEEAN - - - -QFE-RS
28. S. breviflora MARENNRPA- ARMSRPf----=--=----~- EPLCEI - - - -QLIE-RS
29. L. perenne NARENE TV -ARMPRLf----------~- EPR---|EAPH

30. D. glomerata NARNNEPA-ARM- ~—fF=——--—-----~- EPIS- - -|[EARP

31. A. satival MARNNEPV - ARMLRLf----=------ DPIR---[EAPH

32. A. sativa2 MARENSEPV - ARMLRLf----------- DPI4- - -[EAPH

33. B. sylvaticum MAREENEPV-SRILROQF--------- GE QPICEA - - - -QYE-RIS
34. H. brevisubulatum NJREIEAV-A--- - ATTE--TSTT-- - [€4AM----RFE-RS
35. H. vulgare_1H VIER T K HIRVAICEEtl AT-------- --- &M ---- IIFE-RS
36. H. vulgare_6H NMARENNK TV =A==~ - AK======-~- ----HR-----------
37. H. spontaneum_H MARNNETV-G--- - AT-------- -- - -[RM---- IIFE-RS
38. H. spontaneum_6H MAREENK TV -A- -~ - - AK-------- ---HEHR-----------
39. S. cereale MER T KNy Sty ATAT--TPET|-- - -[C4AM- - - -RFE- LIS
40. T. urartu M CRRE AV - A~~~ — ATAA--TTETF - - [€GIM--- -RFE-LS
41. Ae. speltoides VIER T KNV Sty ATTA--TTAT- - - [€4&IM-- - -RFE-LIS
42. Ae. tauschii NAREAY - A=~~~ 1 ATATTTTTET| - - -[CGIM - - - -RFE- LIS
43. T. aestivum A MER T KN Sty ATAA--TTET| - - (¢RI --- -RFE-LIS
44. T. aestivum B VIER T K HAVAY NS AT----- TET|- - -[€GIM----RFE- LIS
45. T. aestivum D NAREEEAY - A=~~~ 1 ATATTTTTET-- - -[CGIM- - - -RFE-LIS
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—————— PRR-------GR--------SQQQ---DGAGT--SS----------------------QAG-G-APA-QQRQR--------------------Q-- - -[RRIAE-
—————— PHG-----RA----=-T-P-~---[~-TGGAST-~SATP------ASAAGTGER -~~~ ~AAAG-G-TAGPQQ[ -~ ~~--~----------------Q-- - [\~
—————— PNR-----RA-====-T=P-~---[--TGGAST--SATP------ARAAGTGER - -~ ~AAAG-G-TAGRQQ[ -~ --=~=--=-------------Q-- - -RVidl-
————————————————————————————— -~ ~~GGAST--SATP-----~ERAAGTGGR~~~~AASG-G-DS -~~~ -==========---~———————————— - \[T
—————— PR-----------------PSKAQRAGGGTGT~~SATT-~~-~--RSAAGT-~----~---SAS-G-TPR-QQ[ ~~~~--~~----------------T-- - —[4QRA-
—————— PAR-----RA------A-PPSQ-[--~PGEASA--SATP------TR----DRR----ASTG-G-APG-QQ[ ~~~--~~-=-=~~------------Q- - - -[4QR-
—————— PGRTGSASAA-----~A--~~-TP[-~--GGGSA~~SATP------QT~~---GGRRPAAPRAK-G-TPK-KQf ~~~--=~~---~~----~--------D--- - EQIA-
—————— PRQ-----R------------QORKQSGGASA-~SATP------MR~~-~GARSPAVGAAQAG-TPG-QQ[ -~ ~~--==----------------QHLK- - -
—————— PRG-----RA--AAAAQ----QQEQEQ------------SDGMQRR- - - ~GARRQAGAAAQ-G-TSG-QR[ -~ ~==~~-=-=~~----~-------— - - — - Q-
—————— PRR-----SA------Q----QQRQHSGGASP~~SATP------RR~~-~GARSPAGAAAQ-G-ASG-QQ[ -~ ~==~~-~--=----~-------—— - -~ [qHI-
~=PGLGR-===========mmmmmmmm - QQETGGTST--SEAP-----~ RR- -~ ~GGRRAAAATTQ=AVAPV -QQf == === === ===== ===~ ———————— R <KKE
————————————————————————————— - ~ETGGPST--SAAP ------RR- - ~~GARRPAATAAQ-G-APA-QQ[ ~=~=~-===~-===~~----~----—-- - -[{P[AU-
—————— A=========-----------—EQETGGAST- ~SAAP - -~~~ -RR-~~~GARRPTATPAP-G-APE-QQf -~ ~~--~-~---------------—————QTRA-
————————————————————————————— -~ -~GGASTSASATPG-----RR----GGRTPARAAGQ-A-APA-QQ[ ===~ ~-====-====-=-~~---~—-- - -[{P[qA-
————————————————————————————— -~ -~GGASTSASATPG-----RR----GGRTPARAAGQ-G-APA-QQ[ ~===~-===~-====----~----—-- - -[{P[A-
————————————————————————————— -~ --GGASTSASATPG-----RR----GGRTPARAAGQ-G-TPA-QQ[ ===~ ~-===~-=-==----------—-- - -[{P[A-
RQETDGAGT- - SATP----~-~ RR-~~~AGRG=~~AAAE~G-APG-QP| == ============———— - KICRKE
RQETDGAGT-~SETP-----~ RR-~~~AGQGPAPAAAE ~G=APG-EP[ = ===~ ====-==-~—~-——————————- TKRA-
RQETDGAGT--SETP-----~ RR-~~~AGRGPAPAAAE ~G=APG-EP|f = ===~ === ======—=== - TKRKN-
RQDTDGAGT -~ SATP-----~ RR- -~ ~AGRAAAPGAAE ~G-ATG-QP [~ ===~ ~========——=————————— - K RKE
RQETDGAGT -~ SATP----~-~ RR- =~ ~AGRAAAPGGAQ-G-ATG=QP [ == ===========——-——————————- K RKE
RQETDGAGT- - SATP-----~ VR~ ~~AGRAAAPGAAE ~G-ATG=QP [ ================== oo K RKE
RQETDGAGT- - SATP-----~ RR- =~ ~AGRAAAP GGAE ~G-ATG-QP [ == ===-=======—~————~——————- KO RKE
RQETDGAGT -~ SATP----~-~ RR- -~ ~AGRAAAPGGAQ~G-ATG-QP [ == ============—-——————————- K RKE
RQETDGAGT- - SATP-----~ RR- -~ ~AGRAAAP GAAE ~G-ATG-QP | == === ===~ =====—=—————— oo K RKE
RQETDGAGT- - SATP-----~ RR- =~ ~AGRAAAPGGAE ~G-ATG-QP [ == ===========——————~——————- KO RKE
HQQT G-~ ===~ === === ------—-ooooo oo KPA-RQp=============--=---—--- Q- -~ -[dA-
QPGT-~--==~--"""--mm oo TPA-WQF ~===~----~------~------- R [0 < K
—————————————————————————————————————————————————— VSP----EPR----PEP---E|-- - -[K[4R-
—————————————————————————————————————————————————— VPP----EPR----EEK---K|----RKMHR-
—————————————————————————————————————————————————— VPP ----QQG- - -~ EEK SKNK|- - - KIKI4R-
—————————————————————————————————————————————————— VPP ----QQG- - - ~GEKKKNK|- - - - [K[4R-
—————————————————————————————————————————————————— YPP----PPL----P--~--~----[4REEA-
—————————————————————————————————————————————————— VTP----EPQ--PQPEK -~ ~K|----[KI4R-
—————————————————————————————————————————————————— ITP----EPQ--SQP~E -~ ~-K|-- - -[IKI4R-
—————————————————————————————————————————————————————————————————————————— ~PPCSKSEPQ--SQP~-K~~~K|----[EMA-
—————————————————————————————————————————————————— ITP----EPQ--SQP-E~~--K|----[KR- -
—————————————————————————————————————————————————————————————————————————— ~PPCSKSEPQ--SQP-K~~-K|----[NEMR-
—————————————————————————————————————————————————— VP------PQ--PQPEK -~~~ ~|-- - ~[KI4R-
—————————————————————————————————————————————————— VPP----EPQ----PEK---~|----[K[4R-
—————————————————————————————————————————————————— VPP----EPQPQPQPEK -~~~ -|----[-[4&-
—————————————————————————————————————————————————— VPP----EPQ----PEK---~|----[KI4R-
—————————————————————————————————————————————————— VPP----EPQ----PEK--~-|----[IKI4R-
—————————————————————————————————————————————————— VPP----EPQ--PQPEK -~~~ ~|-- - ~[KI4R-
—————————————————————————————————————————————————— VPP----EPQ----PEK----|-- - -[K[4R-
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Identity
1. S. angustifolia SRR FRPGTVALRE | RKYOKSEERIN LI PEAPEVR LEEEVKIE | SID I it R-G---=--==="====---- VISIRWTPEALLALQEAAE YHVVD L FEGANIECA | HAKRVT I MOKD | Q LARR | GGRREW
2. P. virgatum K aEHRWKPGTVALRE IRKIFOKSINAVY LI PEAP VAR L i \VRE | 11 i R-G--========-----~- NVERRWTPEA IILAIQEAAEFHL 1]3L FENMANBCA | HAKRVT | MOIXD | Q LARR | GGARKW
3. P. virgatum N SREHRWRPGTVALRE | RKYOKSINEN LI PEAPEIAR L B VRIE | T R etk R-G--=-=-=======---- NVERRWTPEALLAIQEAAE FHL | DL FENMANIMCA | HAKRVT I MQKDMQ LARR | GGz
4. Z. mays ENHRWRPGTVALRE IRKYOKSIREEL 1 PFAPFEVRVERVRE LTINS it N-G---------=------ VISR TINEA LILALQEAAE FHL I |41 FEIMANIBCA | HAKRVT | MQKD | Q LARR | GGXREVEIN
5. O. sativa BREHRIFRPGTVALRE IRKIFQKTRNNLII PFAPESR LEEVRE | Tl it Kemmmmmmm oo - DVSINWTINEALILALQEAAE YHLVD | FESNIBCA | HAKRVT | MOKDMQ LARR | GGRRIZW
6. R. distichophylla SR GIRYRPGTVALKE | RKIEOKSINEN LI PEAPE IR LR VRIE | TEREY S itttk L==========———=- EVRIAWTPQA L IALQEAAE YHLVD L FENMANIECS | HAKRVT | MQKD | Q LARR | GGXNRIZW
7. N. stricta SH RWRPGTVALRE | RKYOKSEN=IN L IFPINAPEIAR L B VR E | TR N K-mmmmmmmm oo oo o RV TIAYEA LVENE | QEAAE YH | | DL FENANIECA | HAKRVT I MOKDMQ LIARR | GGRRIZWE
8. M. nutans Sl RWRINGTVALRE | RKYOKTINAY LI PEAPEVR L EEVRIE | [N I etk KK=============-=--- EVISINWTPOA L ITALQEAAE YHLVD L FERSINIECA | HAKRVT | MOQKDMQ LARR | GGXRIZW
9. S. sibirica A HRFRPGITLALRE IRKFOKTRNOIN | I PEAPEVR L IV RIE | T i S Nl B B ittt EVINBWINPEA L TAL QEAAE YHL VD L FEINANIBCA | HAKRVT IMOKD | QLARR | GGORIEW
10. S. breviflora RRAHRIFROGTVALRE | RKYOKTINAYLIPEAPEVR L el \/RE | T Rt § NNV B | ittt EVISXWIEPOA LVAL QEAAE YHL VDV FENANIECA | HAKRVT IMOKD | OLARR | GGORIEW
11. L. perenne e EHRF KPGTVALQQIRKYOQKSINANL I PEAPFVR L I VKEV TIN O it T-=-=-—=-=-m—=--=- MOARWTPOALIIAL OEAAE YL VD L FENANIRCS | HAKRVTLMOKD I [g LARR | GGIZRIW
12. D. glomerata alIHRFKPGTVALRE IRKYOKSINNL I PFEAPEVR L IV RE L T it s N Rt EVIINWTPOALTA T QQAAE YHL VD L FIEJNANIECA | HAKRVT IMOKD | O LARR | GGHR]
13. A. sativa aEHRIFKPGTVALRE IRKYOKSINSELIIPEAPEVR L I\ K E T 0 N i P-m=mmmmmmmm e SOVERNWTPOA LMeEL OEAAE YIVL VD L FEINANIBCA | HAKRVTLMOKD | [§LARR | GGIZRISW
14. B. distachyon e EHRFRIAGTVALRE | RKIVOKSISINL I PEAPEVR L I | KIE | SIN S i P-m=mmmmmmmm e 2 INNWTPOA LVAL QEAAE YHL VN | FIEINANMCA | HAKR VTMMOKD | Q LARR I SGIFIR[EV]
15. B. sylvaticum aEHRFRIAGTVALRE | RKYOKSINL I PEAPNVR L il | KIE | SIS i P-=mmmmmmm e 2 INSNWTPOA LVAL QEAAE YHL VN | FIEINANNCA | HAKRVTMMOKD | O LARR ISGIFIRIEY]
16. B. stacei aEHRFRPGTVALRE | RKIVOKSSINL | PINAPEVR L i | KIE | SIN S i P-=—mmmmmm e 2 ISNWTPOALILALQEAAE YHL VN | FIEISANMCA | HAKRVTMMOKD | Q LARR I SGIgIRI[€Y]
17. H. brevisubulatum - - P EREREERNEEROTIE  E AR - -WMeEFrSELYyC---------- P--mmmmm e € ININWTPOA LVAVOEAAE YHLVDVFERNANGICA | HAKRVTVMOKD |1 1Q LARR | GGNRIEW
18. H. vulgare aEHRFRPGTVALRE |RKYOKSWANEZL | PEAPFEVR L IV RE | T Gl P--mmmmmmmm e BVISNWITPOA LILAVOEANE YHLVD | FENAHINCA | HAKRVTVMOKD |1 Q LARR | GGKIRW
19. H. spontaneum aEHRFRPGTVALRE | RKIVOKSWNIZL I PEAPFVR L i VRE | T ettt P-mmmmmmmmm e EVIRWITPOA LILAVOEAQE YHLVD | FENAHIRCA | HAKRVTVMOKD |1 Q LARR | GGHKIRW
20. S. cereale aEHRFRPGTVALRE |RKYOKSISEE L I PEAPEVR L I | KIEV T e G P-mmmmmmmmm e 2 INNWTPOALVA I QEAAE YHL VDV FENANGICA | HAKRVTVMOKD | O LARR | GGRNRIEW
21. T. urartu aEHRFRPGTVALRE | RRYOKSIUSIEL I PEAPFEVR L I | KIEV Tl it P-=mmmmmm e 2 ISNWTPOALVA | QEAAE YHL VDV FERNANGICA | HAKRVTVMOKD | Q LARR | GGRRIEW
22. Ae. speltoides aEHRFRPGTVALRE | RKYOKSIBIEL I PEAPEVR L I | KIEV T e G P--mmmmmmm e 2 INNWTPOALVA I QEAAE YHL VDV FENANGICA | HAKRVTVMOKD | O LARR | GGRRIEW
23. Ae. tauschii aEHRFRPGTVALRE |RRYOKSIBEEL I PEAPEVR L Il | KIEV Tl e Gl P--mmmmmmm e 2 INNWTPOALVA I QEAAE YHL VDV FENANGICA | HAKRVTVMOKD | O LARR | GGRNRIEW
24. T. aestivum A aEHRFRPGTVALRE | RRYOKSIBIEL I PEAPFEVR LI | KIEV Tl e e P-=mmmmmmm e 2 ISNWTPOALIVA | QEAAE YHL VDV FERNANGICA | HAKRVTVMOKD | Q LARR | GGRRIEW
25. T. aestivum B aEHRFRPGTVALRE | RKYOKSIBIEL I PEAPEVR L Il | KIEV T e G P-=mmmmmm e 2 INNWTPOA LVA I QEAAE YHL VDV FENANGICA | HAKRVTVMOKD | O LARR | GGRNRIEW
26. T. aestivum D SREHRFRPGITVALRE | RRYOKSISIEL I PEAPEVR LI | KIEV Il ittt P-=mmmmmmm oo - 2 INWTPOA LVA | QEAAE YHL VDV FERNANGICA | HAKRVTVMOKD | O LARR | GGRRIEW
27. S. sibirica RRAHRFRPGTVALRE IRKFQKSINL I PEAPEVR L Il VRE | 1Dl i Ke====mm === == NV =VISNWTPOA LVALQEAAE YH | VDL FERIANIBEA | HAKRVTVMOKD | Q LIWRR 1ING NIZW
28. S. breviflora RRAHRIFOPGITVALQE | RKIFQKTRNNL I PEAPEVR L IV RI | TN e et Ke=========-—1 ROV P VIRNWINPOA LITALQEAAEYH | DL FERIANIECH | HAKRVTVMOKD |10 | /A ity
29. L. perenne R AHRERPGIAVALRE | RKIVOSISRNEIN | L PEAPEVR L i VKIE | TINS i T-=============-=- DMNNWITPEA LVAL QEAAE YIRL VD L FEISANIICA | HAKRVT | MOKD | [ LARR | GGORIZW
30. D. glomerata RRAHRWRPGTLALQE IRKYQESINEINL L PEAPE 1R L i\ KLV | T RN i T-==-=m—mmmmmm - DVIRNWITPEA LM ORAAE YHLVD L FONAHINCA | HANRVT I MOED |1 Q LARR | GGIHRIRW
31. A. satival SR\ RIFRPGTVALRE IRKYORSINEINL L PEFAPEVR L VKE | TICRIRS it Ke===mmmmm oo - RIVAIRWTPEA LML ORAAE YINL VDMFENANIECA | HAKRVTLMIED | O LARR | GGINK]Z
32. A. sativa2 R\ RFRPGTVALRE |RKYORSINEINL L PEAPFEVR L Il VKIE | TICRI N i Kemmmmmmmmm oo RIVINRWTPE A LVIEL OIRAAE YINL VDMFENANIBCA | HAKRVTLMEFAD | O LARR | GGINKIE!
33. B. sylvaticum AR RIS RPGITIRAL RE | RKINOSSENEIN | JAFAPEVR L iV RIE | T D) S---SGSS---------- €VIXWTPOALVAL QEAAE YNVVD L FIGNANINEA | HAKRVT | JIOKD | Q LARR IS Gy
34. H. brevisubulatum - - AVIRGERECRARERTOTIE T G LN - -SRI DL T---------- K--G--=-=----------- ELINGWTPOALVS L QEAAE YH | |INVFENANIBCA | HAKR VIMMOKD | Q LARR | GGRRIEW
35. H. vulgare_1H R\ RFRPGTVALRE | RKIGRKSREINL | PEAPEVR L il VRD | RN i K-=----1 DGKPMP|-------- WTPRIALLALQEAAK YIBMVDVFEINARRNCIN | YAl
36. H. vulgare_6H aRVa\Y RFRPGTVALRE | RKVRKSRINIYL I PEAPEVR L il \VRD | FADININ Bt PLSNKK-=----+ ESKPTP[-------- WTPIMALILSLOESAEYHLVD L FIGNANIBCA | HSIER VT | MIBKDMQ LARR | GREXEIR
37. H. spontaneum_H - - AVIRGERCANEIRN CIRESTD LIMIEENT AR - -WRBIIA TNYA- - - - - ----- K-=----1 DGKPMP|-------~- WTPRIALLALQEAAK YIBMVDVFEINARRNCIN | YAl
38. H. spontaneum_6H - - ANIRER SR ZNNRETIRORES TN M ERN - -WRIIADNLT - - - - - PLSNKK-===--- ESKPTP-------- \WTPMALLSLOQESAEYHLVD L FIGNANIBCA | HSEIRVT | MITKDMQ LARR | GRS
39. S. cereale R\ RFRPGTVALRE | RKVOKSINEL I PEAPFEVR L e VKIE | THEDIN ittt K-=-G-=======-==----- 2 IINFWTPOALNVSLQEAAE YH | VDV FEISANIECA | HAKRVT IMOKD | Q LARR | GGRRIEW
40. T. urartu e\ RFRPGTVALREVRKYQKSINEIR L | PEAPFEVR L Il \VKIE | TI/DI R i K-=-G--====-=-=------ EVINGWTPOA LIFS | QEAAE YH | VDV FEINANIBCA | HAKR VT IMOKD | O LARR | GGRRIZW
41. Ae. speltoides aR\YRFRPGTVALRE | RKYOKSINNEL I PEAPEVRLIVASVKE | TI/DIR Rl K-=G--=====-=-=----~- € LINIZWTPINALILS L INEAAE YH | VDVFEBANBCA | HAKRVTVMOKD |1 Q LARR | GGNRIEW
42. Ae. tauschii aR\Y RFRPGTVALREVRKYOQKSINEIZ | |1 PEAPFVR L I VKIE | TINDIR it K-=G-==-=====-=------ ELINGWTPOA LIFAL QEAAE YH | VDV FIEINANIBCA | HAKR VT IMOKD | Q LARR | GGRRIEW
43. T. aestivum A R\ RFRPGTVALREVRKYQKSINEIE | | PEAPEVR L Il \VKIE | TInDl R i K-=G--=====-=-=----~- EVMINBWTPOA LIFS | OEAAE YH | VDV FEINANIBCA | HAKR VT IMOKD | O LARR | GGRRIZW
44. T. aestivum B RRA\Y RFRPGTVALRE | RKVOKSINEL I PEAPFEVR L Il VKIE | TINBIR il K-=-G-======-==----- HLINFWTPOALISLOEAAE YH | VDVFEHANNCA | HAKRVT IMOKD | Q LARR | GGYURW
45. T. aestivum D aRA\Y RFRPGITVALREVRKYOQKSINEIE L | PEAPEVR L Iy \VKIE | TINBIR i K-=-G--=-===-=-=------ ELINBWTPOA LISAL QEAAE YH | VDV FENANIBCA | HAKR VT IMOKD | O LARR | GGRRIEW

HEFD-domen

Figure S4. A multiple alignment of the amino acid sequences of the CENH3 proteins using the Bali-Phy program [35]. BAli-Phy is software that
estimates multiple sequence alignments and evolutionary trees from DNA, amino acid, or codon sequences. It uses likelihood-based evolutionary models
of substitutions and insertions and deletions to place gaps. Redelings showed that BAli-Phy had 3.5 times fewer alignment errors than MUSCLE and
MAFFT on simulated data [35]. For convenience, the alpha and beta forms are grouped into two separate blocks: 1 — 26 («CENH3) and 27 — 45
(PCENH3). Amino acid residues identical in all species are shown as white letters on the black background. Amino acid motifs specific for certain tribes
and genera are contained within rectangular boxes with different border colors.
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Figure S5. Branch-site (BSREL) analysis of positive selection for the aCENH3 (a) and SJCENH3 (b)
[40]. The upper scale indicates the length of branches. Branch lengths are scaled to the expected number of
substitutions per amino acid and branch colors indicate the strength of selection (dAN/dS or ®). Green, positive
selection (o > 5); black, purifying selection (® = 0); gray, neutral evolution (® = 1). The proportion of each
color represents the fraction of the sequence undergoing the corresponding class of selection. Branch
thickness reflects the amount of statistical support for evolution under episodic diversifying positive selection
as determined by BSREL. The tables show the branches and nodes in which BSREL found evidence of
episodic diversifying selection at P < 0.05.
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