








Suplementary Fig. S2. Moving sum plot of net charge for N- and C- terminal domains of all Arabidopsis GH1–containing proteins. e net charge (y-axis) is 
summed in a 20–aa sliding window, with the position along the N– and C–terminal domains, with respect to GH1, denoted on the x-axis. For each N- and C-
terminus, the percentages of both positively (K, R) and negatively (D, E) charged residues, total charge and theoretical isoelectric point (pI, calculated with 
http://web.expasy.org/compute_pi) are also shown.
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Supplementary Fig. S3. Relative expression levels of GH1-containing protein coding genes in Arabidopsis, across 74 tissue– or cell–specific microarrays 
(as used in Schmidt et al., 2011). e arrangement of genes and samples is based on euclidean distance and hierachical agglomerative clustering. Colors 
are scaled per row. Red and green ranges correspond to high and low expression levels, respectively. e pictograms indicate the cell and tissue types.



Symbol
TAIR Uniprot NCBI

ChromDB
Nuclear protemome

BAR TorontoDescription ID Description ID Description rank score presence

1 GH1-HMGA1 AT3G18035.1 Q9LSK7 HON4 At3g18035 480 - 1458 843 + most tissues, not pollen

2

GH1-HMGA2

AT1G48620.1 Q4V3D1 HON5 At1g48620 479 At1g48620; high mobility group A5

HMGA2 1017 963

+

3 AT1G48620 Q9LP61 T1N15.25 594 gb|AAF79708.1|AC020889_16 T1N15.25 +

4 AT1G48620 Q9C6X5 332 gb|AAG50847.1|AC074308_3 hypothetical protein, 3' partial +

5 GH1-HMGA3 AT1G14900.1 HMGA | high mobility group A Q43386 204 HMGA3 3144 122 +

6 AT5G08780.1 Q6AWW7 At5g08780 457
HMGA4 - - - no data

7 AT5G08780 Q9C599 463 emb|CAC35883.1 putative protein

8 AT1G49950.1

Q8VWK4 300

SHM10 688 3025 +

9 AT1G49950.2

10 AT1G49950.3

11 AT1G49950 318 gb|AAF76448.1|AC015445_15

Supplementary Table S1. Accession numbers and descriptions of Arabidopsis thaliana proteins containing a GH1 domain from different databases (TAIR10, UniProt, NCBI and ChromDB*). This table is supplemented with data concerning the occurrence, rank and scores 
of proteins identified in the nuclear proteome of Arabidopsis T-87 suspension culture cells (6753 proteins identified in total, www.proteome.arabidopsis.pl) and localization of gene expression according to the BAR Toronto database (Fucile et al., 2011)
(http://bar.utoronto.ca/). *a copy of this discontinued database in the web archive was used.

len 
gthAGI / locus

HON4 | winged-helix DNA-
binding transcription factor 
family protein

ref|NP_188431.3
dbj|BAB01332.1
gb|AAO00794.1
gb|AAP31950.1
gb|AEE76037.1

HON4; unnamed protein product; linker 
histone protein, putative; At3g18035; winged-
helix DNA-binding transcription factor family 
protein

HON5 | high mobility group 
A5

ref|NP_175295.1
gb|AAY56416.1
gb|ABF57274.1
gb|AEE32328.1 apical meristem, most 

other tissues

Putative uncharacterized protein 
F9P7.3

HMG-Y-related protein A | 
At1g14900,F10B6.31 

ref|NP_172943.1
sp|Q43386.1|HMGYA_ARATH
gb|AAF79232.1|AC006917_17

emb|CAA67564.1
gb|AAB97739.1
gb|AAO44072.1
dbj|BAH19921.1
gb|AEE29240.1
emb|CAA71797.1
(one mismatch)

high mobility group protein A;
F10B6.31; 
HMG-Y-related protein A;
HMG-I/Y protein

apical meristem, most 
other tissues, phloem 

companion cells

GH1-HMGA-
related4

winged-helix DNA-binding 
transcription factor family 
protein

ref|NP_680160.2
gb|AAT85727.1
gb|AAU94419.1
gb|AED91349.1

winged-helix DNA-binding transcription factor 
family protein;
At5g08780

Putative uncharacterized protein 
At5g08780

GH1-Myb-
TRB1

(SMH10)

TRB1, ATTRB1 | telomere 
repeat binding factor 1

Telomere repeat-binding factor 1 | 
TRB1 At1g49950,F2J10.16

(Identical sequences of proteins in 
all splice variants)

ref|NP_564559.1
ref|NP_849789.1
ref|NP_973998.1

sp|Q8VWK4.1|TRB1_ARATH
gb|AAL73123.1|U83623_1

gb|AAL32814.1
gb|AAP80178.1
gb|AAS10009.1
gb|AEE32497.1
gb|AEE32498.1
gb|AEE32499.1

gb|AAL73438.1|U83624_1
(one mismatch)
gb|AAM65540.1
(two mismatches)

telomere repeat binding factor 1;
MYB transcription factor;
Unknown protein;
At1g49950;
DNA-binding protein PcMYB1, putative mature pollen, most 

other tissues

TRB1, ATTRB1 | telomere 
repeat binding factor 1

TRB1, ATTRB1 | telomere 
repeat binding factor 1

Contains similarity to DNA-binding protein 
MYB1 from Petroselinum crispum gi|7488946 
and contains MYB-DNA-binding PF|00249 
and linker-Histone PF|00538 domains



12 AT5G67580.1

Q9FJW5 299
SMH11 4281 181 most tissues

13 AT5G67580.2

14 AT5G67580 G0XQD5 190 gb|AEK67481.1

15 AT3G49850.1 Q9M2X3 295 SMH14 5906 31 most tissues

16 AT1G17520.1 F4I7L1 296
SMH13 - - - dry seed

17 AT1G17520 240 gb|AAF79481.1|AC022492_25 F1L3.23

18 AT1G72740.1 289 gb|AAG51858.1|AC010926_21 putative DNA-binding protein; 27830-29933

SMH12 5374 57

19 AT1G72740 F4IEY4 287

20 AT1G72740.2 F4IEY3 281

21 AT1G72740 151 At1g72740/F28P22_7 

22 AT1G54230.1 F4HV91 232
- - - -

23 AT1G54230 Q9SLK9 276 gb|AAD25603.1|AC005287_5 Hypothetical protein

GH1-Myb-
TRB2

(SMH11)

TRB2, ATTRB2, TBP3, 
ATTBP3 | Homeodomain-
like/winged-helix DNA-binding 
family protein 

Telomere repeat-binding factor 2 | 
TRB2

(Identical sequences of proteins in 
both splice variants)

ref|NP_201559.1
ref|NP_851286.1

sp|Q9FJW5.1|TRB2_ARATH
gb|AAL73442.1|U83836_1

dbj|BAB08466.1
gb|AAK63987.1
gb|AAL76146.1
gb|AAS10015.1
gb|AED98362.1
gb|AED98363.1

gb|AAL73441.1|U83837_1
(one mismatch)

telomere repeat binding factor 2;
MYB transcription factor;
Telomere-binding protein 3;
unnamed protein product;
AT5g67580/K9I9_15; 

bellow 
treshold, 
detected 

in 2 
samples 

only

TRB2, ATTRB2, TBP3, 
ATTBP3 | Homeodomain-
like/winged-helix DNA-binding 
family protein 

Truncated telomeric DNA binding 
protein isoform

truncated telomeric DNA binding protein 
isoform

GH1-Myb-
TRB3

(SMH14)

TRB3, ATTRB3, TBP2 | 
telomere repeat binding factor 
3

Telomere repeat-binding factor 3 | 
TRB3 TBP2,At3g49850,T16K5.200 

ref|NP_190554.1
sp|Q9M2X3.1|TRB3_ARATH
gb|AAL73439.1|U83839_1
gb|AAL73440.1|U83838_1

emb|CAB66923.1|
gb|AAL24273.1|
gb|AAL57702.1|
gb|AAL79593.1|
gb|AAS10012.1|
gb|AEE78598.1|

telomere repeat binding factor 3;
MYB transcription factor;
Telomere-binding protein 2;
MYB-like protein;
AT3g49850/T16K5_200

bellow 
treshold, 
only one 
peptide 
detected, 
low score

GH1-Myb4 
(TRB4,

SMH13)

Homeodomain-like/winged-
helix DNA-binding family 
protein

Telomere repeat-binding factor 4 | 
At1g17520,F1L3.23 

sp|F4I7L1.2|TRB4
dbj|BAC43136.1
gb|AAO63354.1
gb|AAS10008.1

ref|NP_173195.2|
(one mismatch)
gb|AEE29601.1|
(one mismatch)

Telomere repeat-binding factor 4;
putative telomere repeat-binding factor 4;
MYB transcription factor;
putative myb-related DNA-binding protein;
At1g1752

GH1-Myb5
(TRB5, 

SMH12)

Homeodomain-like/winged-
helix DNA-binding family 
protein

bellow 
treshold, 
only one 
peptide  
detected

mature pollen, most 
other tissues

Telomere repeat-binding factor 5 | 
At1g72740,F28P22.7

ref|NP_001077814.1
gb|AEE35367.1

homeodomain-like/winged-helix DNA-binding 
protein

Homeodomain-like/winged-
helix DNA-binding family 
protein

Homeodomain-like/winged-helix 
DNA-binding protein

ref|NP_177418.2
sp|F4IEY4.1|TRB5_ARATH

gb|AEE35366.1

homeodomain-like/winged-helix DNA-binding 
protein; Telomere repeat-binding factor 5; 
MYB transcription factor; homeodomain-
like/winged-helix DNA-binding protein

gb|AAK50065.1|AF372925_1
gb|AAM70558.1

GH1-Myb-
related6

Winged helix-turn-helix 
transcription repressor DNA-
binding

Winged helix-turn-helix 
transcription repressor DNA-

binding protein

ref|NP_175825.2
gb|AEE33069.1

winged helix-turn-helix transcription repressor 
DNA-binding protein flower buds, mature 

pollen, cotylodones
Putative uncharacterized protein 

F20D21.5



24 AT1G54240.1 Q1PFK5 229

- - - -
25 AT1G54240 A0MEC6 Putative uncharacterized protein 230 gb|ABK28439.1 unknown

26 AT1G54240 Q9SLK8 207 gb|AAD25606.1|AC005287_8 Hypothetical protein

27 AT1G54260.1 F4HV94 197

SMH15 - - - mature pollen
28 AT1G54260 Q67YM4 169 dbj|BAD44207.1| hypothetical protein

29 AT1G54260 Q9SLK7 227 gb|AAD25607.1|AC005287_9 Hypothetical protein

GH1-Myb-
related7

winged-helix DNA-binding 
transcription factor family 
protein

Winged-helix DNA-binding 
transcription factor family protein

ref|NP_175826.2
gb|ABE65711.1
gb|AEE33070.1

winged-helix DNA-binding transcription factor 
family protein;
hypothetical protein At1g54240;

mature pollen grain, 
pollen tubes, 

cotylodones of heart 
stage embryo, weak 
induction by osmotic 
and heat stress, weak 
expression in guard 

cells and aba1 
hypocotyl

Putative uncharacterized protein 
F20D21.6

GH1-Myb-
related8
(SMH15)

winged-helix DNA-binding 
transcription factor family 
protein

Winged-helix DNA-binding 
transcription factor family protein

ref|NP_175828.1|
gb|AEE33072.1|

winged-helix DNA-binding transcription factor 
family protein

Putative uncharacterized protein 
At1g54260

Putative uncharacterized protein 
F20D21.8



Supplementary Table S2. List of articles referring to the role of plant linker histones.

Development
General Arabidopsis Downregulation of all three Arabidopsis H1 variants (RNAi) 

leads to pleiotropic developmental defects at the vegetative and 
reproductive stages and impaired DNA methylation profiles

(Wierzbicki and Jerzmanowski 

2005)

Meiosis Tobacco A 4-fold reduction of H1A and H1B levels impairs male meiosis 
and pollen development.

(Prymakowska-Bosak, 

Przewloka et al. 1999) 
Endosperm 
development

Maize H1/DNA ratio levels decrease during endoreduplication in maize 
endosperm in parallel to massive expression of storage genes

(Zhao and Grafi 2000)  

Cell fate Arabidopsis H1.1 and H1.2 somatic variants are evicted in male and female 
meiotic precursors cells, transiently restored at meiosis and 
undetectable again in the functional megaspore.  

(She, Grimanelli et al. 2013)
(She and Baroux 2015) 

Differentiation Maize H1 variants' ratios are dynamically regulated along the division 
and differentiation zones of maize root. Notably, the H10 variant 
increases in differentiation while H1A/H1B decrease

(Alatzas, Srebreva et al. 2008)

Seed biology Maize GWAS association with seed composition traits identified H1 loci
with starch, protein and oil content

(Cook, McMullen et al. 2012)

Maize Onset of grain filling is associated with a change in properties of 
linker histone variants in maize kernels

(Kalamajka, Finnie et al. 2010)

Rapeseed Osmopriming (exogenous control of seed imbibition) and seed 
germination correlate with decreased levels of H1 mRNAs in 
Brassica oleracea

(Soeda, Konings et al. 2005)

Fruit ripening Banana Fruit ripening and ethylene treatment increases the MaHIS1 H1 
variant (homologous to the Arabidopsis H1.1 variant) in Musa 
acuminate

(Wang, Kuang et al. 2012)

Biotic/abiotic stress
Drought Tomato H1-S variant is up-regulated under water deficit conditions. 

Antisense-mediated downregulation suggests a role of H1-S in 
plant water status regulation and stomatal functions. 

(Scippa, Griffiths et al. 2000)
(Scippa, Di Michele et al. 2004)

Drought Arabidopsis The stress-inducible H1.3 variant is distinct from H1.1 and H1.2 
by is short C-terminal tail, few amino acid substitution in the 
binding domain and very high mobility. H1.3 is induced by 
combined light and water deficit and functions in stress responses
and stomatal functions.

(Ascenzi and Gantt 1997) 

(Ascenzi and Gantt 1999) 

(Rutowicz, Puzio et al. 2015)

Drought Cotton Identification by mass spectrometry of a stress-inducible H1 
variant in a drought tolerant cultivar (Vagad). This variant is 
absent from the drought sensitive cultivar RAHS-14.

(Trivedi, Ranjan et al. 2012) 

Various biotic 
and abiotic 
stresses

Banana Chilling or exogenous application of methyljasmonate, H2O2 or 
ABA induced MaHIS1 (homologous to AtH1.1) mRNA levels 
transiently. Exposure to the fungal pathogen Colletotrichum 
musae induced a prolonged increase in MaHIS1 mRNA levels.

(Wang, Kuang et al. 2012)

Epigenetic regulation
DNA 
methylation

Arabidopsis RNAi downregulation of the three H1 variants led to local 
fluctuations in DNA methylation patterns in both CG and non-
CG contexts .

(Wierzbicki and Jerzmanowski 

2005) 

DNA 
methylation

Arabidopsis Loss-of-function of the three main H1 variants causes 
hypermethylation at heterochromatic transposons and partially 
rescues the hypomethylation phenotype of DECREASED IN 
DNA METHYLATION1 (ddm1) mutants 

 (Zemach, Kim et al. 2013) 

Imprinting Arabidopsis H1 variants interacts with the DNA glycosylase DEMETER 
(yeast two hybrid and GST pulldown assays).  H1 depletion 
reduces maternal expression of DME target genes (MEA, FWA, 
FIS2) in correlation with increased DNA methylation levels. 

(Rea, Zheng et al. 2012) 

Histone 
deacetylation

Arabidopsis H1 directly interacts with the Histone Deacetylase Complex 1 
HDC1.

(Perrella, Carr et al. 2016) 

Transcriptional  regulation
Lignin 
biosynthesis

Eucalyptus H1.3 interacts with the transcription factor MYB1 and 
contributes to transcriptional repression of genes involved in 
lignin biosynthesis.

(Soler, Plasencia et al. 2016) 
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Enhances TF 
binding

Rice/wheat H1 facilitates binding of the transcription factor EmBP-1 to the 
ABA-responsive gene Em.

(Schultz, Spiker et al. 1996) 

Regulates stress-
responsive genes

Arabidopsis H1.3 contributes to induce stress-response associated factors 
under combined light and drought stress

(Rutowicz, Puzio et al. 2015)

Structural function
Chromatin 
condensation

Pea Lower chromatin condensation in callus cells compared to root 
cells correlate with varying levels of histone H1 variants

(Bers, Singh et al. 1992)

Tobacco Overexpression of an Arabidopsis H1 variants in tobacco induces
strong heterochromatinization

(ŚLUSARCZYK, 
PRYMAKOWSKA-BOSAK et 

al. 1999)
Pea, Maize, 
Bean

The proportion of extracted H1 correlates with the level of 
genomic repeats and the degree of chromatin condensation 
(transmission electron microscopy)

Oleszweska, 1988

Other cellular  functions
Microtubule 
organization

Tobacco In tobacco BY-2 cells, H1B functions as a microtubule-
organizing factor on the nuclear surface showing DNA 
independent functions. Probably interacting with tubulin.

(Hotta, Haraguchi et al. 2007) 

(Nakayama, Ishii et al. 2008)
(Kaczanowski and 
Jerzmanowski 2001)
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