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Table S1. Relative abundance of proteoforms at different cell cycle stages of two cell lines(%)

MDA-MB-231 MCF-10A

Proteoforms

Asyn S phase M phase Asyn S phase M phase
Hl12ac 169+09 13.7+1.0 105+1.1 49+06 45+02 12402
H12acph 8.1+1.2 43+04 6.3+0.6 79+1.1 23+03 2.6+05
HI12SNPac 0 0 0 44+£03 41+£03 22+05
H12SNPacph 0 0 0 6.1+0.7 1.8+02 2.6+0.8
H12SNPacph2 0 0 0 0 0 21+£0.2
Hl13ac 0 0 0 46+£04 22+£02 24+03
H13acph 0 0 0 1.7¢£05 12+£02 1.1+0.1
Hl4ac 356+0.8 482+1.8 275+28 11.8+24 389+14 102+22
Hl4ph 23+0.2 22+0.1 1.6 +0.2 1.8+04 38+£04 15+04
Hl14acph 245+14 222+1.0 20.1+£0.5 265+2.1 24717 25.6+2.1
H14acph2 11.5+0.8 8709 147+2.0 223+1.2 13.7+£0.7 26.6+3.5
Hl14acph3 1.0+0.5 0.7+02 113+24 82+19 28+05 153+3.7
Hl14acph4 0 0 5.8+0.7 0 0 54+34
H14acph5 0 0 2.1+£0.2 0 0 1.3+£0.2

S1



Table S2. PTM identification on histone H1.2SNPA18VNa-ac

H12ac (m/7) H12SNPac (m/z) Am/z A mass (Da)
Asyn 1-1 608.86689 609.66750 0.80061 28.02135
Asyn 1-2 608.86739 609.66838 0.80099 28.03465
Asyn 1-3 608.86733 609.66820 0.80087 28.03045
Asyn 2-1 608.86640 609.66762 0.80122 28.04270
Asyn 2-2 608.86673 609.66782 0.80109 28.03815
Asyn 2-3 608.86734 609.66785 0.80051 28.01785
S phase 1-1 608.86597 609.66711 0.80114 28.03990
S phase 1-2 608.86624 609.66726 0.80102 28.03570
S phase 1-3 608.86637 609.66762 0.80125 28.04375
S phase 2-1 608.86607 609.66784 0.80177 28.06195
S phase 2-2 608.86656 609.66796 0.80140 28.04900
S phase 2-3 608.86678 609.66774 0.80096 28.03360

Note, charge state 35", average A m/z is 28.03742 + 0.01178, 0.528 o for H12SNP and
dimethylation, and 3.611 o for formylation, given the theoretical mass of H12SNP and
dimethylationis 28.03132, whereas formylation is 27.9949.
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Table S3. P-values ofANOVA and t-tests for proteoforms relative abundance at different cell

cycle stages

MDA-MB231 MCF10A
Proteoforms ANOVA-test t-test ANOVA-test t-test
H12ac 4.95x10°® 3.72x10™ 8.15x10™"! 1.78x107"°
H12acph 3.71x10° 7.64x107 4.64x10"° 0.13
H12SNPac N/A N/A 3.70x10° 6.64x10°
H12SNPacph N/A N/A 1.15x10°® 0.05
H12SNPacph2 N/A N/A 6.28x107"° 3.48x107"°
H13ac N/A N/A 8.30x10™"° 0.18
H13acph N/A N/A 0.01 0.25
H14ph 8.9x10° 4.97x107 2.03x107 2.71x10°
Hl4ac 5.92x10™" 3.04x10° 1.57x10°" 1.22x10°"°
Hl4acph 1.3x107 1.15x107 0.32 0.47
Hl4acph2 6.8x107° 5.92x107 1.23x107 4.52x10°
H14acph3 1.5x107 9.39x10” 8.96x107 8.86x10°
H14acph4 1.33x10°" 2.65x107 2.92x10™ 3.29x107
H14acph5 1.02x10™ 4.81x10°"° 1.48x107" 1.31x10°®
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Table S4. P-values of ANOVA and t-tests for histone variants total phosphorylations at different

cell cycle stages

MDA-MB231 MCF10A
Proteoforms ANOVA-test t-test ANOVA-test t-test
H12 2.31x10° 7.79x10°° 2.26x107"7 1.41x107"
H13 N/A N/A 0.02 0.17

H14 7.07x10™" 2.12x10°® 1.49x10°" 5.23x10™"

Table S5. P-values of ANOVA and t-tests for total phosphorylations on different sites at different

cell cycle stages

MDA-MB231 MCF10A
Proteoforms ANOVA-test t-test ANOVA-test t-test
H12S173 2.31x10° 7.79x10°° 2.26x107"7 1.41x107"
H14S2 1.25%x10°® 6.13x10” 1.94x10°° 2.80x10°
H14S172 9.10x10™" 2.45%10® 1.62x107" 3.72x10™"
H14S187 7.74x107"2 1.03x10°® 7.20x10™" 6.99x10”
H14T18 1.08x107"° 5.94x10™" 9.01x10° 7.64x107
H14T146 6.48x10™" 1.64x10” 5.35x107 1.13x107
H14T153 8.51x10™" 4.26x107"° 2.67x10" 1.93x10°®
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Table S6. P-values of t-tests for proteoformrelative abundance between two cell lines

Proteoforms Asynchronous S phase M phase
H12ac 8.01x10™" 5.14x107"° 2.42x107
H12acph 0.71 2.58x10° 5.87x107
H12SNPac 5.06x10" 5.66x107" 3.49x10”
H12SNPacph 1.05x10” 1.80x10” 1.48x107
H12SNPacph2 N/A N/A 3.48x107"°
H13ac 3.24x10™" 5.18x10™"! 6.55x10”
H13acph 6.48x10° 4.75x10” 1.96x10™"
H14ph 0.04 3.23x10° 0.67
Hl4ac 5.02x107"° 1.31x10° 3.39x10”
Hl4acph 0.08 0.01 1.14x10™
Hl4acph2 6.07x10” 9.62x10” 2.84x107
Hl4acph3 4.69x10° 1.58x10° 0.05
Hl14acph4 N/A N/A 0.77
H14acph5 N/A N/A 5.99x107
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Table S7. P-values for histone variants total phosphorylations between two cell lines

Histone Variants Asynchronous S phase M phase
H12 5.70x10” 8.35x10° 7.89x10”
H13 1.59x10°® 4.70x10” 1.61x10”
H14 5.43x107™° 5.99x10° 3.40x10”

Table S8. P-values for total phosphorylations on different sites between two cell lines

Proteoforms Asynchronous S phase M phase
H12S173 5.7x10” 8.35x10° 7.89x10”
H14S2 0.19 6.89x10° 0.51
H14S172 1.15x107"° 8.79x10° 6.58x107
H14S187 1.26x10° 3.89x107 1.21x10™
H14T18 1.22x107 1.40x10° 0.49
H14T146 N/A N/A 0.29
H14T154 N/A N/A 3.94x107
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Legends for Supporting Information Figures

Figure S1. Broadband ESI positive ion 9.4 T FT-ICR mass spectra of histone H1 from

asynchronous, s phase, and m phase cells from cell lines MDA-MB-231 and MCF-10A.

Figure S2. ECD fragmentation maps for different histone proteoforms from cell line

MDA-MB-231.

Figure S3. ECD fragmentation maps for different proteoforms from cell line MCF-10A.

Figure S4. Mass scale-expanded segment of ECD product ion mass spectra of histone

H1.2 SNP A18V from asynchronous cells from cell line MCF-10A, showing identification

of c16%", C18%*, C102%, Ca0?¥, Co1?*, C21™*, €20, and cx0>" ions.

Figure S5. Peak annotations for the ECD product ion mass spectrum of asynchronous

histone H1.2 SNP A18V from cell line MCF-10A. .

Figure S6. Peak annotations for the ECD product ion mass spectrum of S phase

histone H1.2 SNP A18V from cell line MCF-10A. .

Figure S7. Peak annotations for the ECD product ion mass spectrum of asynchronous

phosphorylated histone H1.2 SNP A18V from cell line MCF-10A.
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MDA-MB-231 MCF-10A Figure S1
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MDA-MB-231
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RlslcvstlaAlaLkKlaLaaac vyl vEKNIN s R
IKIWGILKSLVSKGTLVQITKGTGASGSF
KLNKKAASGEAKPKVKKAGGTKPKKP
VGAAKKPKKAAGGATPKKSAKEKT P KK
AKKPAAAT VT KK VA KLgh PKKAKVAKP K
KAAKSAAKAVKPKAAKPKV VKPKKAA

PIK KK

H13 ac_asyn

ac-SETAPILAPTIPAPAEKIT P v KIKIKIAIKIKIA]

GIAITIAIGIKIRIK A s ¢ p p VISIEIL I T K1A V1A AlSTK]
EWRISIGIWISILIAIATLIKIKIATLTA Ala Gy vIETKININTS
RIKILGILksltWislk e T vighrlk e Te A s Gls
FIKLNKKAASGEGKPKAKKAGAAKPRK
PAGAAKKPKKVAGAATPKKSIKKTPEK,
KVKKPATARARC T)KK V AKSAKKY KT P)Q P
KKAAKSPAKAKAPKPKAAKPKS GKPK

V TKAKK AR PIK K K

Figure S3
H12SNPac_asyn

a-S ETIAPAAPAAAPPAE KWV PWIKIKIKIAIATKIK]
a &lG1T p Rk AlsTe p p VISTEIL 1 Tk A via AlSTKIE]
rRIsle VISTLIAIAILIKIKIATL A A A ¢ YID vIElKININIS R
I KILIGIL K1slL vislk e T VIgIT kK ¢ T ¢ A s Gls F1
KLNKKAASGEAKPKVKKAGGTKPKKP
VEAAKKPKKAAGGATPKKSAKKTPKK
AKKPAAATVTKKVAKSPKKAKVAKPK
KAAKSAAKAVKPKAAKPKVVKPKKAA

PIKKK

H1l4ac asyn

a-SETAPAAPAIAPAPAEKIT PV KIKIKIAIRIKIST

AlGIATAIKIRIKIANSTG p p VISTEIL 1 T Kla vIATATSTKIE]
RISIGWISTLIATATLIKIKIATLTA Ala GlyIp vIEIKININTS R
I KILIGIL k sltWIslk ¢ T L VIQIT]k ¢ T ¢ A s GISTF
KLNKKAASGEAKPKAKKAGAAKAKKP
ACAAKKPKKATCARATP KKSAKKTP KK
AKKPAARAMAGAKKA KS PIKKAKAAK P KK
APKSPAKAKAVKPKAAKPKTAKPKAR

K PKK AA|AK K K
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MCF-10A
H14acph_asyn

ac=s E TIA P A A P ala pla pIAlE KIT p v KIKIKIATRIKIST

AlGIATATKIRIKIATSTG P p VISTEIL T1TIKIATVIATATSTKIE]
RISTGWIS|LIATATLIKIKIANL A & A GlyID vIETKININDS R
I KlLlelL k sltWisTk ¢ T L vig[rlk ¢ T ¢ A s Gls F!
KLNKKAASGEAKPKAKKAGJAAKAKKEP
AGAAKKPKKATCGARATPKKSAKKT P KK
AKKPARAAACAK KA KLpéh P KKAKAAK P KK
APKSPAKAKAVKPKAAKPKTAKPKAR

K PIKIKAAAK KK

MCF-10A s phase
H12ac_s phase

a-SETAPAAPAAAPPAEKA P VIK KIKIAIATKIK]
aAl&1ET p Rk A Sl p p VISTEIL 1 TIKIAIVIATATSTIKIED
rRIslc VISTLIATATLIKIKIATL A A A clyIp vIEIKININTS R
Ikl k sltlvslke T vigirlk e Te A s Gls F
KLNKKAASCGEAKPKVKKAGGTKPKKP
VGAAKKPKKAAGGATPKKSAKKTP KK
AKKPAAATVTKKVAKSPKKAKVAK PK
KAAKSRAAKA VKPP KAAKPKV VKPKKAA

PIK K K

H1l4acph2_asyn

ac=g E TIA P A A P Ala P A Pla E KIT P v KIKIKIAIRIKIST

AlGIAIATKIRIKIANSTG p p VISTElL T1TIKIATVIATAISTKIE]

Rls G VISTLIAIAILIKIKIATLIA A A Gy vIEIKININIS R

I KILIGIL k slL vls x ¢ T L vigITIk ¢ T\¢ A s GISTF

KLNKKAASGIEAKPKAKKAGAAKAKKP

AGAAKKPK|KATCGARATPKKSAKEKTPKEK

AKKPAAARACAKKA KLpéh P KKAKAAKPKK
ph

1
APKS PAKAKAVKPKAAKPKTAKPKAR

K PIK|K A)A)AK K K

H12acph_s phase

a-SETAPAAPAAAPPAEKIA PV K KIKIa AIKIK]

aclclrprkAaSlecp PVISIEIL I Tk A VA A STk E]

RSGVSLIAALKIKALAAAGYDVEKNN SR
IKLGLKSLVSKGTLVQITKGTGASGSF
KLNKKAASGEAKPKVKKAGGTKPKKP
VGAAKKPKKAAGGATPKKSAKKTPKK
AKKPAAATVTKKVA K:éhp KKAK VAK P K
KAAKSAAKAVKPKAAKPKVVKPKKAA

PIKKK

Figure S3
H1l4acph3 asyn

ph
1
a-SETIWAPAAPAAPRADPIAEKIT PV KIKIK A RIKIS

AlG1a A KIR1K & sle p p VISTEIL I T k A vialals k E1

Rls ¢ Vls LIAlAlL K1K1a L 2 A A ¢ YID vIEIKININIS R

IKILGILKSLVSIKGTLVIQTKGTGASGSF

KLNKKAASGIEAKPKAKKAGAAKAKKP

AGAAKKPKKATGAATPKKSAKKTPKK

AKKPAAARAGAKKA KLpéhp KKAKAAKP KK
ph

1
APKS PAKAKAVKPKAAKPKTAKPKARL

KPKKAAAKKK

H12SNPac_s phase

a-SETIAPAAPARAAP P A EKIW pPWIKIKIKIAIATKIK

a c&lc1T p R1KIA sl p p VISTEIL 1 TIKIA VIAIATSTKIE]
rRIslc VISTLIRIAILIKIKIAIL A A A ¢ vYID VIEIKININTS R
1 KLl xKlsltWislk e T L viglr kK ¢ T e A s Gls FI
KLNKKAASGEAKPKVKKAGGTKPKKP
VCARKKPKKAAGCGATPKKSAKKTP KK
AKKPAAATVTKKVAKSPKKAKVAKPK
KAAKSAAKAVEKPKAAKPKYV VKPKKAA

PIK K K
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MCF-10A
H13ac_s phase

a-SETIAPILAPTIPAPAEKIT PV KIKIKIAIKIK 2

GIAITIAIGIKIRIK A s ¢ p P VISIEIL 1 TIKIA V1A AlSTK
EIRIS1G v s1L1alAlL KIKIATL A A A ¢ YD vIEIKININTS
RIKILIGILksLVvIskaeTLVIglTlke TeAsdls
FIKLNKKAASCGEGIKPKAKKAGAAKPRK
PAGAAKKPKKVAGAATPKKSIKKTPXK
KVKKPATRAACTKK VA KSAKKY KT PQP
KKRAAKSPAKAKAPKPKAAKPKS GKPK

VTKAKKARAPKKK

H14acph2_ s phase

ac=s ETIAPAAPAIAPAPAEKIT P v KIKIKIAIRIKIS]
AlGIATATKIRIKIATSTG P p VISTEIL T TIKIAIVIATAISTKIE]
rRIslcl sTLIATATLIKIKIATLIA A A Gy vIElKININDS R
1 KILIGIL k sltWisTk ¢ T L viglTlk ¢ T\c A s Gls FI
KLNKKAASGIEA[KPKAKKAGJAAKAKKP
AGAAKKPKKATGAATPKEKSAKKTP KK
AKKPARAARCGAK KA KLpéh P KKAKAAKPKK
AP K,_Iéh PAKAKAVKPKAAKPKTAKPKARA

K PK K A2 A K K K

Hl4ac_s phase
ac=s E T1a Pla A P Ala Pla p A E KIT P v KIKIKIAIRIK]S]
AlGIATATKIRIKIATSTG p p VISTElL T1TIKIAIVIATATSTKIE]
rRIslc VISTLIATATLIKIKIATLIA A A Gy vIElKININDS R
1 KIL1GIL k s1oWisTk ¢ 7L vtk ¢ T ¢ A s Gls F1
KLNKKAASGEAKPKAKKAG|AAKAKKP
AGAAKKDPKKATCAAT P KK SA K KT PiKK

AKKPAARAGAKKAKS PIKKAKAAKPKK

APKSPAKIAKAVIKPKAAKPKTAKPKAA

KPKiIKAAAK KK

Figure S3
Hl4acph s phase

a-S ETIAPAAPAIAPAPAEKIT PV KIKIKIAIRIKIST
AlGIAIATKIRIKIATSTG P p VISTEIL T1TIKIATVIATAISTKIE]
rRIslc VISTLIAIATLIKIKIATLIA A A GlyIp vIElKININDS R
IkllclLkslovslkeTnviglr ke TeasGls F
KLNKKAASGEAKPKAKKAGAAKAKKP
ACAAKKPKKATCGAATPKKSAKKTP KK
AKKPAAARAGAKKA KLpéh P KiK|A KA A K P K(K
APKSPAKAKAVKPKAAKPKTAKPKAZA

K PIKK AR ALK K K
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MCF-10A m phase
Hl4ac_m phase

Figure S3

Hl4acph _m phase Hl4acph2 m phase

. 1 1 TAKIATRIK ST
a-S ETAPAAPAAPAPAEKTPVKKKAIRIKIg *-SETAPAAPAAPAPAEKTPVKKKARIKIET *SETAPAAPAAPAPAEKTPEVKRKKARKS

A1c1aTa KIRTKIA Sle p p VISTEIL T 7 KA v alals k g1 AWGIATAIKIRIKIA s ¢ p P VISTEIL I T K A V A A STK E] AlGARIKIRIKIA sle p p VISTEIL 1 T K12 V1A 21Tk E

1 1,1 1.1 ; BT, T
RSGVSIAALKKALAAAGYDVEKNNSR RSGVSLIAWALKKALAAAGYDVEKNNSR RISGVSLARLKKALAAAGYDVEKNNSR

1 1 1
IKLGLKSLVSKGTLVOTKGTGASGESF IKLGLKSLVSKGTLVQTKGTGASGSF IKILGLKSILVSKGTLVQITKGTGASGSF

KLNKKAASGEAKPKAKKAGAAKAKKP
KLNKKAASGLEAKPKAKKAGAAKAKKP KLNKKAASGLEAKPKAKKAGAAKAKKP L

AGAAKKPKKATGAATPKKSAKKTPKK AGAAKKPKKATGAATPKKSAKKTPKK

ph
1
AKKPAAAAGAKKAKSPKKAKAAKPKK

AGAAKKPKKATGAATPKKSAKKTPKK

ph
AKKPAARAAGEAKKA KLé PKIKIAKAAKPKK
AKKPAAAAGAKKAKSPKKAKAAMKPKK N
o)
1
APKISPAKIAKAVKPKAAKPKTAKPKAA
APKSPALKLAKAVLKPKAALKPKTALKPKAAL APKSPALKLAKAVLKPKAALKPKTALKPKAAL L L L L L L L L

K P KK A)A 1A K K K
K P|K|K A2 ALK K K K P KK A)A|AK KK KK AR AL

H1l4acph3 _m phase H1l4acph4 _m phase H14acph5 _m phase

ph
Bh g - 1 1114 111 Ip1x1
aes ETIAPAADPAIAP A PlA EIKIT D vV KIKIK A RIKIS] 2-SETAPAAPAAPAPAEKITPVKIKIKARIKIg *SETAPAAPAAPAPAEKTPEYVKKKARKS

AlGIAAKRIKASGPPVSIELITKAVAAGSKE]

AlGIAIATKIRIKIATSTG P P VISTEIL T T k A vIalalsTk E1

Rls ¢ VIsLIala CIKIKIATLIA A A ¢ vID VIEIKININTS R

Ikl k s tWislk e T volrlk e T e A s Gls FI

KLNKKAASGIEAKPKAKKAGAAKAKKP

AGAAKKPKKATGAATPKKSAKKTP KK

AKKPAARRAGAKKA K:g P K KA KR AK P K K
ph

1
APKS PAKAKAVKPKAAKPKTAKPKAR

K PIK|K A)AAK K K

AlGIATA KIRIKIA ST p p VISTEIL I T K1a via Als k El

Rls ¢ vls L1ala © KIKIATL A A 2 ¢ YID vIElKININIS R

IKILGILksltlws ke TLVIQITlke T e A s cls Fl

KLNKKAASGEAKPKAKKAGAAKAKKP

AGAAKKPKLKATGAA?“PKKLSAKKTPKLKL

AKKPAAAACAKKA K,jéhp KKAKAAKP KK
on

APKS PAKAKAVKPKAAKPKTARKPKAR

K PIKIK AAIAK KK

RSGVSLAALKKALAAAGYDVEKNNSR
IKLGLKSLVSKGTLVQTKGTGASGSTF

KLNKKAASGEAKPKAKKAGAAKAKKP
5 B
AGAAKKPKKATGAATPKKSAKKTPEKK
ph
AKKPAARMAGAKKA KLé PKIKIAKAAKP KK
ph
APKISPAKIAKAVIKPKAAKPKTAKPIKAA

K PIKK AR 2K K K
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Figure S4
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Figure S5

Asynchronous H1.2SNP A18V Na-ac
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Figure S6
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Figure S7
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