a) H2A/H2B heterodimer b) H3/H4 heterodimer ¢) SOS histone-fold d) NF-YB/NF-YC
(H. sapiens) (H. sapiens) pseudodimer heterodimer
(H. sapiens) (H. sapiens)

e) HMfA homodimer f) HMfB homodimer g) HMk pseudodimer h) Bacterial pseudodimer
(M. fervidus) (M. fervidus) (M. kandleri) TTHA1479
(T. thermophilus)

i) C-domain,
AAA+ helicase RuvB
(T. maritima)

k) N-domain, B subunit 1) PCP_Red domain
of DNA pol epsilon (C. tepidum)
(H. sapiens)

Supplementary Fig. S1. A gallery of histone-fold proteins. Structural representatives of archaeal, bacterial, and
eukaryotic histone-fold proteins as well as their distant homologs are shown in cartoon representation. In all
structures, a-helices are colored in yellow, B-strands in green, and regions not part of or homologous to the
histone fold are colored in grey. In homodimeric and heterodimeric structures, a-helices and B-strands in one
of the subunits are shown in lighter shades of yellow and green, respectively. Accession information for the
shown structures is provided in Supplementary Data S1.



Supplementary Data S1: accession information for representatives used for the analyses
shown in Figs. 1 and 2 as well as for the structures shown in the Supplementary Fig. S1. In
sequences of pseudodimers, the two halves are underlined.

Eukaryotic histone-fold proteins

>SCOPe d2cvbcl a.22.1.1 (C:11-118) Histone H2A {Human (Homo sapiens), H2A.a
[Taxld: 9606]}
RAKAKTRSSRAGLQFPVGRVHRLLRKGNYSERVGAGAPVYLAAVLEYLTAEILELAGNAARDNKKTRIIP
RHLQLAIRNDEELNKLLGRVTIAQGGVLPNIQAVLLPK

>SCOPe d2cv5dl a.22.1.1 (D:27-122) Histone H2B {Human (Homo sapiens), H2B.k
[Taxld: 9606]}
KRSRKESYSVYVYKVLKQVHPDTG I SSKAMG IMNSFVND I FER IAGEASRLAHYNKRSTITSREIQTAVR
LLLPGELAKHAVSEGTKAVTKYTSAK

>SCOPe d2cvba_ a.22.1.1 (A:) Histone H3 {Human (Homo sapiens) [Taxld:
96061}

PHRYRPGTVALREIRRYQKSTELL IRKLPFQRLVREIAQDFKTDLRFQSSAVMALQEACEAYLVGLFEDT
NLCAITHAKRVT IMPKDIQLARRIRGER

>SCOPe d2cv5b_ a.22.1.1 (B:) Histone H4 {Human (Homo sapiens) [Taxld:
96061}
N1QGITKPAIRRLARRGGVKRISGLIYEETRGVLKVFLENVIRDAVTYTEHAKRKTVTAMDVVYALKRQG
RTLYGFGG

>ECOD e3vh5A1 A:5-104 000148505; CENP-S
AGGEQRELL 1QRLRAAVHYTTGALAQDVAEDKGVLFSKQTVAAISEI TFRQAENFARDLEMFARHA
KRSTITSEDVKLLARRSNSLLKY ITQKSDELASS

>ECOD e3vh5D2 D:7-81 001273187; CENP-X
GGFRKETVERLLRLHFRDGRTRVNGDALLLMAELLKVFVREAAARAARQAQAEDLEKVD IEHVEKVLPQL
LLDFV

>ECOD e3vh5T1 T:1-91 000985373; CENP-T
GSTREPEIASSLIKQIFSHYVKTPVTRDAYKIVEKASERYFKQISSDLEAYSQHAGRKTVEMADVELLMR
RQGLVTDKMPLHVLVERHLPL

>ECOD e3vh5W1 W:3-77 000148506; CENP-W
RRTVPRGTLRKI IKKHKPHLRLAANTDLLVHLSFLLFLHRLAEEARTNAFENKSKI IKPEHT IAAAKVIL
KKSRG

>SCOPe d2bykbl a.22.1.3 (B:11-99) Chrac-14 {Fruit fly (Drosophila
melanogaster) [Taxld: 7227]}

MVERIEDLNLPNAV IGRLIKEALPESASVSKEARAAIARAASVFAIFVTSSSTALAHKQNHKTITAKDIL
QTLTELDFESFVPSLTQDLEVYRKVVKEKKESKASKKDSNTAENANASATATAEEAPE

>SCOPe d2bykal a.22.1.3 (A:29-100) Chrac-16 {Fruit fly (Drosophila
melanogaster) [Taxld: 72271}

MGEPRSQPPVERPPTAETFLPLSRVRT IMKSSMDTGLITNEVLFLMTKCTELFVRHLAGAAYTEEFGQRP
GEALKYEHLSQVVNKNKNLEFLLQIVPQKIRVHQFQEMLRLNRSAGSDDDDDDDDDDDEEESESESESDE



>SCOPe d1g9ca_a.22.1.3 (A:) Histone domain of Son of sevenless protein
{Human (Homo sapiens)
MQAQQLPYEFFSEENAPKWRGLLVPALKKVQGQVHPTLESNDDALQYVEEL ILQLLNMLCQAQPRSASDV
EERVQKSFPHP IDKWATADAQSA I EKRKRRNPLSLPVEKIHPLLKEVLGYKIDHQVSVY IVAVLEY1SAD
ILKLVGNYVRNIRHYE I TKQD IKVAMCADKVLMDMFHQDVED INILSLTDE

>SCOPe dijfia_a-22.1.3 (A:) Negative cofactor 2, NC2, alpha chain {Human
(Homo sapiens) [Taxld: 9606]}
ARFPPARIKKIMQTDEE IGKVAAAVPV 1 1 SRALELFLESLLKKACQVTQSRNAKTMTTSHLKQCIE

>SCOPe di1jfib_a.22.1.3 (B:) Negative cofactor 2, NC2, beta chain {Human
(Homo sapiens) [Taxld: 9606]}
DDLTIPRAAINKMIKETLPNVRVANDARELVVNCCTEFIHL ISSEANE ICNKSEKKT ISPEHVIQALESL
GFGSY I SEVKEVLQECKTVALKRRKASSRLENLG IPEEELLRQQQELFAKARQQQAELAQQEWLQ

>SCOPe dlnlja a.22.1.3 (A:) Nuclear transcription factor Y subunit beta
(NF-Yb3) {Human (Homo sapiens) [Taxld: 9606]}
1YLPITANVARIMKNAIPQTGKIAKDAKECVQECVSEF ISFITSEASERCHQEKRKT INGED ILFAMSTLG
FDSYVEPLKLYLQKFRE

>SCOPe dilnljb_ a.22.1.3 (B:) Nuclear transcription factor Y subunit gamma
(NF-Yc2) {Human (Homo sapiens) [Taxld: 9606]}%}
LPLARIKKIMKLDEDVKMISAEAPVLFAKAAQIFITELTLRAWIHTEDNKRRTLQRND IAMAITKFDQFD
FLIDIVPR

>SCOPe dlh3oa_ a.22.1.3 (A:) TAF(11)-135, (TAF(11)-130, hTAF4), histone
fold domain {Human (Homo sapiens) [Taxld: 9606]}

MFLLQAPLQRRILE IGKKHGITELHPDVVSYVSHATQQRLQONLVEK ISETAQQKNFSYKDDDRYEQASDV
RAQLK

>SCOPe d1h3obl a.22.1.3 (B:57-128) TAF 12, TAF(11)-20, (TAF(11)-15,
hTAF12), histone fold domain {Human (Homo sapiens) [Taxld: 9606]}
VLTKKKLQDLVREVDPNEQLDEDVEEMLLQIADDFIESVVTAACQLARHRKSSTLEVKDVQLHLERQWNM
wl

>SCOPe dilbh8a_ a.22.1.3 (A:) TAF13, TAF(11)18 {Human (Homo sapiens) [Taxld:
96061}

MADEEEDPTFEEENEE I GGGAEGGQGKRKRLFSKELRCMMYGFGDDQNPYTESVDILEDLVIEFITEMTH

KAMS 1 GRQGRAQVED I VFL IRKDPRKFARVKDLLTMNEELKRARKAFDEANYGS

>SCOPe di1bh8b_ a.22.1.3 (B:) TAF1l1, TAF(11)28 {Human (Homo sapiens) [Taxld:
96061}
FSEEQLNRYEMYRRSAFPKAATKRLIQSITGTSVSQNVV IAMSG I SKVFVGEVVEEALDVCEKWGEMPPL
QPKHMREAVRRLKSKGQIP

>SCOPe diltafa_ a.22.1.3 (A:) TAF9, TAF(11)42 {Fruit fly (Drosophila
melanogaster) [Taxld: 72271}
PKDAQV IMSILKELNVQEYEPRVVNQLLEFTFRYVTSI1LDDAKVYANHARKKT IDLDDVRLATEVTLD

>SCOPe diltafb_ a.22.1.3 (B:) TAF6, TAF(11)62 {Fruit fly (Drosophila
melanogaster) [Taxld: 72271}
MLYGSSISAESMKV IAES1GVGSLSDDAAKELAEDVS IKLKR 1VQDAAKFMNHAKRQKLSVRD IDMSLKV



>ECOD ed4wv4Al A:3-102 001492373; TAF10
STPLVDFLMQLEDYTPTIPDAVTGYYLNRAGFEASDPR I IRLISLAAQKFISDIANDALQHCKMKGTASG
SSRSKSKDRKYTLTMEDLTPALSEYGINVK

>ECOD e4wv4B1 B:5-76 001492374; TAF8
NYHLARRRTLQVVVSSLLTEAGFESAEKASVETLTEMLQSY ISEIGRSAKSYCEHTARTQPTLSDIVVTL
VE

Archaeal HMfB-like

>SCOPe dlb67a_ a.22.1.2 (A:) Archaeal histone HMFA {Methanothermus
fervidus, histone A [Taxld: 2180]%}

MGELPIAPIGR1 1KNAGAERVSDDARIALAKVLEEMGEE IASEAVKLAKHAGRKT IKAED I ELARKMFK

>SCOPe dla7wa_ a.22.1.2 (A:) Archaeal histone HMfB {Methanothermus
fervidus, histone B [Taxld: 2180]%}
MELPIAPIGRI IKDAGAERVSDDARITLAKILEEMGRD IASEAIKLARHAGRKT IKAED I ELAVRRFKK

>SCOPe dilflea_ a.-22.1.2 (A:) Archaeal histone HMk {Methanopyrus kandleri
[Taxld: 23201}
MAVELPKAAIERIFRQGIGERRLSQDAKDT I YDFVPTMAEYVANAAKSVLDASGKKTLMEEHLKALADVL
MVEGVEDYDGELFGRATVRR I LKRAG I ERASSDAVDLYNKL I CRATEELGEKAAEYADEDGRKTVQGEDV
EKAITYSMPKGGEL

Bacterial single histone fold-like proteins

>NP_712639.2 hypothetical protein LA 2458 [Leptospira interrogans serovar
Lai str. 56601]

MAGKNVERETLIVTSKVKAY IKSKGFMTSGDAIDGLNEK ITHQL IDDAVKRTESNKRSTVRPTDF

>WP_011162677.1 hypothetical protein [Bdellovibrio bacteriovorus]
MAEVLVVTSKVKKL IKEKGQMNTSAET IDVLSKAI EQLCLKGVESAKADGRKTVMARD 1V IDHL

>WP_006975389.1 hypothetical protein [Plesiocystis pacifica]
MARKSTKQE ILVVGSKVKA1VRDAGLRSDGELVAALSGRVHAMLEGAIVRCTRNMRSTVRPQDL

Bacterial pseudodimeric histone-fold proteins

>SCOPe dilrdva_ a.22.1.4 (A:) Hypothetical protein Aq_328 {Aquifex aeolicus
[Taxld: 63363]}
MQEKYNFGKVSSQHKNYSKIETMLRPKGFDKLDHYFRTELD IDLTDET IELLLNSVKAAFGKLFYGAEQR
ARWNGRDF IALADLN I TKALEEHIKNFQKIEQDMGVDELLEY I AF1PPVEMNVGEDLKSEYRN IMGGLLL
MHADV IKKATGERKPSREAMEFVAQ1VDKVF

>SCOPe dlwwial a.22.1.4 (A:1-148) Hypothetical protein TTHA1479 {Thermus
thermophilus [Taxld: 274]}
MLMKVAEFERLFRQAAGLDVDKNDLKRVSDFLRNKLYDLLAVAERNAKYNGRDL I FEPDLP IAKGLQETL
QEFRRMDTALELKPVLDALAALPPLDLEVAEDVRNLLPELAGALVVAYARVLKELDPALKNPQTEHHERA
ERVFNLLL




Distant homologs

>ECOD elin4A2 A:180-254 000003427; AAA+ C-domain

YTVKELKE I IKRAASLMDVE I EDAAAEM I AKRSRGTPRIAIRLTKRVRDMLTVVKADRINTD IVLKTMEV
LNIDD

>ECODelk6kAl A:1-142 000003424; Clp N-domain
MLNQELELSLNMAFARAREHRHEFMTVEHLLLALLSNPSAREALEACSVDLVALRQELEAFIEQTTPVLP
ASEEERDTQPTLSFQRVLQRAVFHVQSSGRNEVTGANVLVAIFSEQESQAAYLLRKHEVSRLDVVNFISH
GT

>ECOD e2v6zM1 M:25-99 000168577; Dpoe2NT
MAPERLRSRALSAFKLRGLLLRGEAIKYLTEALQSISELELEDKLEKI INAVEKQPLSSNMIERSVVEAA

VQESS

>ECOD e2kruAl A:2-55 000138180; PCP_red
MGELSWTAEAEKMLGKVPFFVRKKVRKNTDNYARE IGEPVVTADVFRKAKEHLGGLEHHHHHH



Supplementary Data S2: Accession information for sequences shown in Fig. 3.

Eukaryotic nucleosome core histones

>AAA63191.1 histone H2A.1 [Homo sapiens]
MSGRGKQGGKARAKAKTRSSRAGLQFPVGRVHRLLRKGNYSERVGAGAPVYLAAVLEYLTAE ILELAGNA
ARDNKKTR1 1PRHLQLAIRNDEELNKLLGRVT IAQGGVLPN IQAVLLPKKTESHHKAKGK

>CAB02542.1 histone H2B [Homo sapiens]
MPEPAKSAPAPKKGSKKAVTKAQKKDSKKRKRSRKESYSVYVYKVLKQVHPDTG I SSKAMG IMNSFVNDI
FERIAGEASRLAHYNKRSTITSREIQTAVRLLLPGELAKHAVSEGTKAVTKYTSSK

>NP_003520.1 histone H3.1 [Homo sapiens]
MARTKQTARKSTGGKAPRKQLATKAARKSAPATGGVKKPHRYRPGTVALREIRRYQKSTELL IRKLPFQR
LVREIAQDFKTDLRFQSSAVMALQEACEAYLVGLFEDTNLCAIHAKRVTIMPKD IQLARRIRGERA

>NP_003529.1 histone H4 [Homo sapiens]
MSGRGKGGKGLGKGGAKRHRKVLRDN1QG I TKPAIRRLARRGGVKRISGL1YEETRGVLKVFLENVIRDA
VTYTEHAKRKTVTAMDVVYALKRQGRTLYGFGG

Archaeal HMfB-like histones
>WP_013413995.1 histone family protein HMFA [Methanothermus fervidus]
MGELPIAPIGRI IKNAGAERVSDDAR I ALAKVLEEMGEE I ASEAVKLAKHAGRKT IKAED I ELARKMFK

>sp|P19267.1|HMFB_METFE RecName: Full=DNA-binding protein HMFf-2; AltName:
FulI=Archaeal histone B
MELPIAPIGRI IKDAGAERVSDDARITLAKILEEMGRD IASEAIKLARHAGRKT IKAED I ELAVRRFKK

>WP_048053612.1 histone [Pyrococcus horikoshii]
MGELP IAPVDRL IRKAGAERVSEQAAKVLAEYLEEYAIEIAKKAVEFARHAGRKTVKVED IKLAIKS

>WP_011012868.1 histone [Pyrococcus furiosus]
MGELP IAPVDRL IRKAGAQRVSEQAAKVLAEHLEEKA I E1AKKAVDLAKHAGRKTVKVED IKLAIKS

Prokaryotic single histone fold-like proteins

Bacteria
>WP_006975389.1 hypothetical protein [Plesiocystis pacifica]
MARKSTKQE I LVVGSKVKAIVRDAGLRSDGELVAALSGRVHAMLEGAIVRCTRNMRSTVRPQDL

>WP_052547863.1 hypothetical protein [Enhygromyxa salina]
MAAKKKTAKTKKARE 1VVVGSKVKDVVRAAGYRSDGELVQAVSEKVHEMLEAA IKRAESNKRGTVRPYDL

>WP_096326703.1 hypothetical protein [Nannocystis exedens]
MATKNKAPKE I LVVGSKVKDV IRDAGLRSDGEL 1 QAVSDKVHELLGAAIERCKSNNRSTVRPYDL

>KPJ56806.1 hypothetical protein AMS16 01810 [Planctomycetes bacterium
DG_58]
MAKDMLVVGSKVKAYLKSSGMKTAGDTLAAVSDKVYAMLDAAVERTKANKRATVRPQDL

Archaea
>WP_099254152.1 DUF1931 domain-containing protein [Halorubrum persicum]
MSDL IVKAAVKDALSDHNVSADFYDALNEEVAELLDDAAERAETNGRKTVQPRDL



>AAF03226.1 ORF6 [Pyrococcus furiosus]
MEVKEMVELLVKSKVKEFVSS I DKDMRVSPEFYEALEAEVKAL I EKAVKRAQAEGRKTLYARHV

>WP_011249991.1 hypothetical protein [Thermococcus kodakarensis]
MAEMLVKSKVKEFVKSVDPEMRVSPEFYDALEAEVKALVEKAIKRAQAEGRKTLYARHV

>KH049746.1 hypothetical protein QT01_C0002G0O030 [archaeon GW2011_ AR6]
MELV IKSKLKDAVKGLRVSSELAEALNKKVEAMLKEAAERAKANHRGTVMPQDL

Prokaryotic pseudodimeric histone-fold proteins
Bacteria

>NP_213225.1 hypothetical protein aq_328 [Aquifex aeolicus VF5]
MQEKYNFGKVSSQHKNYSKIETMLRPKGFDKLDHYFRTELD IDLTDET IELLLNSVKAAFGKLFYGAEQR
ARWNGRDF IALADLN I TKALEEHIKNFQK1EQDMGVDELLEY IAF1PPVEMNVGEDLKSEYRNIMGGLLL
MHADV IKKATGERKPSREAMEFVAQ1VDKVF

>YP_144745.1 hypothetical protein TTHA1479 [Thermus thermophilus HB8]
MLMKVAEFERLFRQAAGLDVDKNDLKRVSDFLRNKLYDLLAVAERNAKYNGRDL I FEPDLP IAKGLQETL
QEFRRMDTALELKPVLDALAALPPLDLEVAEDVRNLLPELAGALVVAYARVLKELDPALKNPQTEHHERA
ERVFNLLL

>WP_012409489.1 DUF1931 family protein [Nostoc punctiforme]
MSVISISKFERFFRTVAGLDVDKNDLKRYSDFVNHKTYDLLLRGQATAKANGRD I IEPFDVPITKGLEER
IHNFKEINEEIELKPILDYMTTRPLLDLDYSKETEARLSD IVGGLSVALARTFKI1 IDPALKNPQTMQWER
AFSIFDLLL

>WP_041939166.1 DUF1931 family protein [Frankia alni]

MPVMGVTRFERFFR I AAGLDMDKNDVKRYGDFVNNKVYDLLLMAQATAKANVRDV IEPWDLP I TKGLQES
IHHFRDLDEEIELRPILEQIAARPPLDLALSDDTAARLPLIVGGLSLALARAFT I IEPELKNPGPSEWER
VSRIFDLLL

Archaea

>WP_050003266.1 DUF1931 family protein [Thermococcus eurythermalis]
MAEMI IPYPQLQKILERTCELAVIKPRAEEMME I VEKKLADLFEVAYENAKAERSST IKMRHIP I TKGFK
NSLNLFRAVIEDEKVEIEPIRKYVLKKIPGDIPLEEDVVNELP I 1AGTLFVLVGRVIKALHPEIKNVYPE
HIEEAKKVLDYTL

>WP_011011744.1 DUF1931 family protein [Pyrococcus furiosus]

MAEMV IPYPHLQRILEKTCELAVTKPMAERMME I VERKLADLFEVAYENATAENSET IKMRHIPITKGFR
SSMNLFRAVIEDENIKIEPILDYVLRKIPADKPLEEEVINELP I ITGTLFVLIGRVIKALHPEVRNVYPE
HIEEAEKVLDYTL

>WP_012941033.1 DUF1931 family protein [Archaeoglobus profundus]

MAEMI IPYPQLKKILEDTCELDVYKAEASKMMD I VERKLADLFEVAYDKARAEGREMIMFRDLPLTKGFL
NSMELFRKAIERQNVDVEP IKKFVLKGLPVDAPLQDELVDELP I ITGTLFVLIGRVIKALHPDVERVKDE
HIDEARRVLDYTL

>WP_010871032.1 DUF1931 family protein [Methanocaldococcus jannaschii]
MAEMI IPYPQLKKIMKTTCE IDLYKTEAED IMDVVEKKLADLFEVAHRNAKEENAK I IKMRHIPLTKGFL
NSMELFRSVIEEENIVAET IKKYVMKKIPGDLPLDDIVVDNLPLITGTIFIVVGRVIKALHEDIERIRKE
HIEEAKKVLDYTL



