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klf2big5 mutant

GCGTGGACATGGCTTTACCTTGCCTTTTGCCTTCGATTTC

exon 1 exon 2 exon 3

klf2aig4 mutant

TATTTCCACATTTTCGGCGCAGAAGGAAAAATGCTGGGA

9pb deletion 24pb after ATG and insertion of GATGCTGGGAGAG
Native protein: 380aa (43kDa)
Predicted mutant: 29aa
Putative second form Çshort versionÈ: 347 amino acids (39kDa)  

 

exon 1 exon 2 exon 3

28pb deletion containing ATG 
Native protein : 363 amino acids (41kDa)  

egr1sa64 mutant

CCCGTCCTAAACCTCTCAGG

exon 1 exon 2

Point mutation A > C
Native protein: 511aa (55kDa)
Predicted mutant : 137aa
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8 ÒGÓ stands for the blue colour of the solution, a ÒgreenishÓ tint. The "250" originally denoted the purity of the 
dye. 
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Materials and Methods 
Zebrafish accession gene numbers 
klf2a: ENSDARG00000042667 
klf2b: ENSDARG00000040432 
egr1: ENSDARG00000037421 
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flt1: ENSDARG00000019371 

Zebrafish husbandry, fish strains and embryo treatments 
The zebrafish (Danio rerio) lines used in the experiments were the following: wild-type AB, 
Tg(egr1sa64) - from ZIRC, received as an heterozygous line ; Tg(klf2aig4) - generated in 
VermotÕs lab using TALEN technology, published in Steed et al. 2017 ; Tg(klf2big5) - generated 
in VermotÕs lab using TALEN technology (further information below), Tg(flt1sa1504) - from 
ZIRC, received as an heterozygous line, Tg(pkd2tc321) or cup mutants from ZIRC, Tg(vltm651) 
or vald tepes, gata1 mutant, from ZIRC, Tg(tnnt2ab109) or silent heart (sih) mutant from 
StainierÕs lab (Sehnert et al. 2002). Tg(fli:gal4FFubs; UAS:kaede) (Herwig et al. 2001) from 
Markus AffolterÕs lab (Biozemtrum, Basel) and Tg(flk1:mCherry) (Bertrand et al., 2010), 
 
Embryos were staged according to hours (hpf) and days postfertilization (dpf). They were 
incubated at 28.5¡C in 0.3% Danieau medium supplemented 5h after birth with 0.003% (wt/vol) 
1-phenyl-2-thiourea (PTU) (Sigma Aldrich) to inhibit pigment formation. All zebrafish strains 
were maintained at the IGBMC fish facility under standard husbandry conditions (14h light/10h 
dark cycle).  The Animal Experimentation Committee of the Institutional Review Board of 
IGBMC approved all animal experiments performed in this project.  
 
klf2aig4 mutant line: Mutant described in Steed et al. 2017. The INDEL generated using TALEN 
technology leads to premature stop codon in the protein. A second ATG could be a putative 
protein-coding start site, this site will be conserved in klf2aig4 mutant. Its effective presence and 
cellular activity have still to be proved. 
 
klf2big5 mutant line: Tg(Klf2big5) line was generated in the same way as Tg(Klf2aig4), using 
TALEN system. A TALEN pair (left and right arms: 5ÕGGACATGGCTTTACCT-3Õ and 
5ÕAACGTTTGCAAACCAG-3Õ) were designed to target exon 1 of the klf2b gene and injected 
into single cell wild-type (AB) first cell. We identified the alleles generated and confirmed that 
potential targeting events could be transmitted through the germline by out-crossing the F0 fish 
with AB animals and sequencing genomic DNA from pools of 6 F1 embryos. We After 
screening the first generation, we focused on a 28pb-deletion mutation (5Õ-
GGACATGGCTTTACCTTGCCTTTTGCCT-3Õ) leading to a premature stop codon in klf2b 
transcript. Studies were performed from F4 fish and later generations, and on transgenic lines 
resulting of out-crossings. A PCR-based genotyping strategy was established using the 
following primers to identify the wild-type and mutant alleles, the length of the deletion 
allowing their visualization directly on a 3%-agarose DNA gel: forward 5Õ-
GGAAAGCGCGTATATTTGGA-3Õ, reverse 5Õ- CAAGTAGGAAATGCAAGTGT-3Õ and 
sequencing forward primer 5Õ- AGAGCGCACTGTGCCTTATA-3Õ.  
 
egr1sa64 mutant line: Egr1sa64 mutant comes from Stemple line (ZIRC), adult males were treated 
with ENU. It contains a C>T point mutation in the exon 2 of the gene leading to a premature 
stop codon in the predicted translation product. Studies on Tg(egr1Sa64) line were realized - after 
cleaning to obtain a stable line - on F4 fish and later generations, following out-crossing to 
transgenic lines of interest. Genotyping was performed by sequencing of the PCR product 
generated with the following primers: forward 5Õ-ATATCCTACACAGGCCGTTTCAC-3Õ, 
reverse 5Õ-CACTGGGATATGTTGATGAGGAG-3Õ, and sequenced with the primer 5Õ- 
TGGTTGAGAAGTTAGGGCCAGAC-3Õ.  
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Klf2aig4, klf2big5 and egr1sa64 fish were viable and kept as homozygous fish to be able to work 
with maternal zygotic embryos in this study. Double mutant lines (klf2a-klf2b, egr1-klf2a) came 
from crossings between single mutant lines and following genotyping.  
 

Flt1 sa1504 mutant line: Flt1sa1504 mutant comes from Stemple line (ZIRC), adult males were 
treated with ENU. It contains a T>G point mutation in the exon 9 of the gene, which in theory 
leads to a stop codon preventing to form both soluble and membrane flt1 forms ( 
Studies on Tg(flt1Sa1504) line were realized from F4 fish and later generations, following out-
crossing to transgenic lines of interest. Genotyping was performed by sequencing of the PCR 
product generated with the following primers: forward for PCR and genotyping: 5Õ- 
TTAGGCTGAAGGATGGGATG -3Õ, reverse 5Õ- TGGTCCTCTTTGAACAACCA-3Õ. 
 

Genotyping 
Genotyping of adult fish was performed three months after birth on genomic DNA extracted 
from a small piece of the caudal fin lysed at 55¡C in 100!L of SDS-lysis buffer (10mM Tris-
HCl pH8, 200mM NaCl, 10mM EDTA, 0.5% SDS and 100 !g/mL Proteinase K), and then 
purified using isopropanol/70%-ethanol. Genotyping of embryos was either realized on whole 
embryos (after live imaging or ISH) or from dissected tails (before immunofluorescence), lysed 
in 50!L of 50mM NaOH at 95¡C for 10min. Lysis reaction was stopped with 10!L Tris-HCl 
pH8. 1!L used for PCR reaction. 
 
In Situ Hybridization (ISH)  
ISH assay was performed as in Thisse (2008) using the following anti-sense probes:   
klf2a probe: obtained by PCR amplification of the plasmid IRBOp991B0734D, provided by 
RPDZ, Berlin, using forward primer: 5Õ- CAGGCGACTACAGAATGCA -3Õ and reverse 
primer: 5Õ-TAATACGACTCACTATAGGGAGTGAC. Transcription with T7 polymerase.  
Klf2b probe: obtained by PCR amplification of the plasmid #1343 pSCB-klf2b, provided by 
Mrs Cecile Otten, Seyfried group), 640pb fragment amplified with reverse primer 5Õ- 
CTACGGTCCGGTGATAGGCATG-3Õ and forward primer 5Õ-
AGCATTTAGGTGACACTATAGTCACAGGTGTCTCTTCATGTGCAG-3Õ. Transcription 
by SP6 polymerase.  
Egr1 probe: from pBSK plasmid, PCR amplification using forward primer: 5Õ-
ATGACCCGTGAGTCAGTAA-3Õ and reverse primer: 5Õ-
ATTAACCCTCACTAAAGGGACTTGGTGCCCTGAGTTCTGAT-3Õ. Transcription using 
T3 polymerase.  
Flt1 probe: from a partial cDNA fully sequenced ordered at Science Biosource 
(IRCYp5023H065D, 9038840 IMAGE ID), pCR4-TOPO plasmid, linearized by NCOI (NEB). 
Transcription using SP6 polymerase.  
Wnt9b probe: forward primer: 5Õ-TATTGCCCTCTGCATCCTTC-3Õ and reverse primer: 5Õ-
TGACATTCAACGTGACAGCA-3Õ.  
To optimize the imaging of the heart after staining, in certain cases the embryos were made 
more transparent using fructose. A first bath in 45%-fructose solution (D-fructose, Sigma, ref 
F0127) containing 1/100 1-Thioglycerol (Sigma M6145) was performed for 15 min followed 
by a second bath in 90%-fructose solution from 30min to 1 hours depending the stage of the 
embryo.  Imaging was performed using a Leica M165 macroscope with a TrueChrome Metrics 
(Tucsen) with a Leica 1.0X objective (10450028). 
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High throughput dissection of 48hpf-hearts  
Hearts were dissected from klf2aig4;klf2big5, Tg(egr1sa64) and Tg(klf2aig4) lines in background 
Fli:lifeact-eGFP; flk:nls-mcherry and respective control embryos at the desired stage (48hfp) 
using high-throughput extraction technique, optimized from Lombardo et al. (2015) protocol. 
Hearts were separated mechanically by pipetting up and down a batch of 200 embryos in culture 
medium (L-15 Leibovitz, 10% FCS 9150, 1.25mM CaCl2, 800mg/L glucose, 50microg/mL 
penicillin, 0.05mg/mL streptomycin), medium prepared fresh for each experiment. Hearts were 
then separated from debris after passages on two different filters:  first purification though a 
100um nylon cell stainer (Falcon, 352360), and further collection on a pre-separation filter 
30um (Miltenyi Biotech). After centrifugation 10 min at 2.5g, culture medium was replaced by 
cold FACS medium (PBS with 2% Fetal Calf Serum 9150, 1% Penicilline/streptavidine, 1mM 
EDTA) and final filtration was performed with tip strainers (40um) (Scienceware, Bel-Art, 
flowmi tip strainers) 
development  
 
 

Fluorescence-activated cell sorting (FACS) 
Further separation of endocardial cells from the other cardiac cell types was achieved directly 
after heart extraction by FACS. FACSAria Fusion (BD Biosciences) device was used. Cells 
were sorted on a FITC-A detector and flow cell passed through 70um-nozzle. 
Sorted cells were collected at 4¡C in PBS: 9,5uL cold PBS + 0,24uL RNAsin and immediate 
freezing in dried ice of 1000 cell-samples for mRNA sequencing assay; or 50uL cold PBS for 
the samples directly treated after sorting with the transposase for ATACseq assay.   
 

mRNA-sequencing 
1000 endocardial cells were collected in 9.4 uL PBS-RNase free supplemented with 0,24uL 
RNAsin and immediately frozen after FACS sorting in dried ice and stored at -80¡C. cDNA 
transcription was performed using Clontech SMART-Seq v4 Ultra Low Input RNA Kit. Paired-
end 100 bp reads for control and experimental samples were generated with Illumina Hiseq 
4000. RNA-seq raw sequencing data from zebrafish were trimmed and aligned to zebrafish 
genome version GRCz10/danRer10, with the tophat algorithm (version 2.1.1) (Kim et al., 2013) 
and the use of Ç--b2-very-sensitiveÈ parameter. Samtools (version 0.1.19) (Li et al., 2009) were 
used for data filtering and file format conversion while the HT-seq count (version 0.5.4p3.) 
(Anders et al., 2015) algorithm was applied to assign aligned reads to exons using the following 
command line Çhtseq-count Ðs no Ðm intersection -nonemptyÈ. Differentially expressed genes 
were identified with the use of the DESeq R package (Anders and Huber 2010), and genes with 
fold change cut-off 1.5 and P<=0.05 were considered to be differentially expressed (DEGs). 
Heatmaps that were constructed to depict DEGs or selected genes were generated with 
R/Bioconductor. A summary of the differentially expressed genes can be found in 
Supplementary Tables ***** 
 

ATAC -sequencing 
After FACS sorting, cells harvested in PBS were treated according to Buenrostro et al. (2015) 
protocol. Transposition reaction and purification were directly performed the day of cell 
collection, DNA resuspended in Buffer EB from the MinElute kit was stored at -20¡C upon 
further treatment. Custom Nextera PCR Primer were used during PCR amplification to label 
the samples. Library quality control was done using Bioanalyser, a purification step was 
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performed using MiniELute Qiagen kit and size separation on Agencourt AMPure XP beads 
(A63882, Beckman Coulter, Inc) to remove PCR Nextera primers. 
Sequencing was performed on one lane on Illumina HiSeq 4000 sequencing, Nextera, HS-2x50 
millions bases for control and mutants. Bowtie2 algorithm (version 2.1.0) (Langmead and 
Salzberg 2012) and Ç--very-sensitiveÈ parameter were used for aligning ATAC-seq data to the 
zebrafish genome version GRCz10/danRer10. Samtools (version 0.1.19) (Li et al., 2009) were 
used for data filtering and file format conversion. Duplicate reads were removed before peak 
calling. The MACS2 (version 2.1.0) algorithm (Zhang et al., 2008) was used for ATAC-seq 
peak identification with default p-value 1-E05. All .bam files were converted to bedgraphs with 
genomeCoverageBed and MACS2 bdgdiff command was used in order to identify differential 
enrichment in the accessible regions between control and mutants, with default options. Gene 
annotation (100 kB upstream and 10kB downstream ftom the tss) and genomic distribution of 
accessible regions identified by MACS2 was performed with bedtools (Quinlan and Hall 2010). 
A summary of ATAC-seq peaks can be found in Supplementary Data xxxxxx. 
 
Gene ontology, pathway and network analysis 
Gene ontology and pathway analysis of the differentially expressed genes from RNA-seq and 
ATAC-seq was performed with DAVID knowledgebase (Huang da et al., 2009) (Huang da et 
al., 2009) and Ingenuity Pathway Analysis software (IPA, Ingenuity¨ Systems, 
www.ingenuity.com) with the default settings. Only pathways and biological processes with p-
value <=0.05 were considered to be significantly enriched.  
 
Network construction 
Cytoscape (Shannon et al., 2002) and Metascape (Tripathi et al., 2015) were used for network 
construction. 
 
Motif analysis 
Motif analysis for ATAC-seq peaks was performed with ÒfindMotifsGenome.plÓ from 
HOMER software (Heinz et al., 2010).  
 
Digital genomic footprinting for ATAC -Sequencing 
To attain sufficient sequencing depth to perform digital genomic footprinting (DGF) on ATAC-
Seq data produced in this work, aligned bam files were merged using samtools merge (version 
1.3.1) (Li et al., 2009)  following sorting via samtools merge and subsequently indexed using 
samtools index.  DGF was 
performed using dnase_footprints of the Wellington pyDNase package (version 0.2.4) (Piper et 
al., 2013) on total merged ATAC peaks using -A as a parameter to enable ATAC mode, 
resulting in coordinate shift 5Õ and 3Õ by +4 and -5 bp, respectively. Motif overrepresentation 
and average profile analyses were performed with dnase_average_profile.py of the Wellington 
pyDNase package (Piper et al., 2013), on WT-only footprints versus all mutant footprints and 
vice-versa. Briefly, motif bootstrapping was performed in WT-only and mutants-only footprints 
using HOMER motifs corresponding to de novo found motifs found in WT- and mutants-
specific footprints. 
 

qPCR 
Whole hearts where extracted as explained previously. RNA was extracted directly after heart 
collection inside RNA lysis buffer from Quick RNA micro-prep (Zymo kit, R1050). Around 
1mg of each RNA mix was used to synthetized cDNA using SuperScript VILO kit (Invitrogen, 
ref: 11754-050) in 20uL final volume according to the manufacturerÕs instructions. Products 
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were amplified in a real-time PCR reaction with Light Cycler 480 Real-Time PCR System 
(Roche) using a UPL Probes Master mix (Roche) according to the manufacturerÕs instructions. 
Sequence of primer pairs were as follows: 
!

gene Forward primer Reverse primer 
egr1 agtttgatcaccttgctggag ggtgaaacggcctgtgtaag 

flt1 agtcacgtccacccacaatc gccaactgtcagaactccaac 

gata5 ggacgccagggaactctac acacggcaggtcatccag 

has2 agcatccctgttcaactaacg gctgaccgctttatcacatct 
klf2a ccgtctatttccacattttcg tccagttcatccttccacct 
klf2b cgtggacatggctttacctt ttgtgctcctcaatcttcca 
sox17 caacccacagttctggtcaa ccccaaaagagagacagtgc 

tbx20 gacttatgctggagatgaagagact tgcagtgaacgctgaacc 

wnt9b cttattgccctctgcatcct gaggctcgcgacctgtaa 
polr2d-2 aacgcaagtgggagatgtg agcgtctctgcgttctcaa 

 

Valve imaging 
Embryos were incubated with 4mM BODIPY-FL C5-ceramide (Molecular Probes from 
ThermoFischer, D3521) overnight and then anesthetized with 0.02% Trica•ne (Sigma Aldrich, 
Saint-Louis, USA) solution and were mounted on Petri dishes embedded in 0.7% low melting 
point (LMP) agarose (Sigma Aldrich). To visualize the valve shape and to observe their motion, 
confocal imaging was performed on a Leica SP8 confocal microscope. Images were acquired 
with a low-magnification water immersion objective (Leica HCX IRAPO L, 25X, N.A. 0.95). 
For four-dimensional imaging, time series were acquired at a random time in the cardiac cycle 
at 35fps for 3 s. The optical plane was moved 2 mm between the z-sections until the whole 
AVC was acquired. AVC area was visually defined as in (Steed et al., 2016). The number of 
cells within each AVC was analyzed using Imaris software (Bitplane). 
 

AVC photoconversion 
Photoconversion was performed at 48 hpf and follow-up imaging experiments were performed 
at 98 hpf using the protocol described in Chow et al., 2018 (Jove Paper). Briefly, 
Tg(fli1a:Gal4FF; UAS:Kaede) embryonic hearts were induced to stop beating by treating 
embryos with 50 mM 2,3-Butanedione monoxime (BDM) (Sigma Aldrich), a myosin inhibitor, 
for 5-10 minutes. They were then mounted in 0.7% low melting-point agarose supplemented 
with 50mM BDM to inhibit heart contraction for the duration of the photoconversion procedure. 
48hpf- ventricular cells were selected using the Region of Interest tool and exposed to 405 nm 
light (400 Hz, 25% laser power) using the FRAP module on a SP8 confocal microscope and a 
Leica HCX IRAPO L, _25, NA0.95 water immersion objective. For each selected region, one 
pre-bleach frame was acquired, followed by 3Ð6 bleach pulses with acquisition to convert kaede 
protein in the illuminated region from its green to red form. A z-stack of the photoconverted 
heart was then acquired in the standard confocal mode to record the starting point of each 
experiment. Embryos were then carefully removed from the agarose using a glass suction 
pipette, washed in fish water, and then placed in fresh fish water containing 0.003 % PTU. 
Heart contraction soon resumes, and the fish are allowed to develop normally at 28.5 ¡C under 
standard conditions until the second timepoint of interest (98hpf). 
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(80!,#&:!'#%!;#::&::!%I&!̀C"e T;1#0&!G#1#. +,'( !8',!%6/&!O8:!/6::6'7 !%#!:%$,X!G$1%I&1!,#O'!

%I6:!;#6'%H!

!

 

N.5&'%(Gb:(,)*$'2%*34$5(%W9'%00."-(93$$%'-(4%$D%%-(K^(3-)(]H79A(.-(Z6(I%4'3A.07(%=4'?"F((

QR;1&::6#'!O8:!,&%&.%&,!6'!1I#/0#/&1&:!V!8',!W!G1#/!V3I;G!k1&,!811#O:ZB!%I6:!&R;1&::6#'!
,&.1&8:&,!8%!+4I;G!8',!6:! /86'%86'&,!#'(X!6'! I6',0186'! '$.(&6!8%!Y2I;GH!NI6:!1&.8;6%$(8%&:!
1&:$(%:!;$0(6:I&,!0X!NI6::&!&%!8(H!233*!kLG6'ZF(̂#!.81,68.!&R;1&::6#'!O8:!1&;#1%&,H(

!



T! !!!!T!*22!

EEF! 637,0%"#07,7',*8 (#3').3#(%W9'%00."-((
(
EEFG(%"#$'(<LX@%W9'%00."-(D"&*)(4%(%"#$&@)%9%-)%-$(

J:! 5%&'(!k@&1/#%!&%!8(HB!233]ZB!5%&'4!O8:!&R;1&::&,!6'!%I&!I&81%!%$0&!G1#/!V3I;G!kS67$1&!23ZH!

J%!+4I;GB!%I&!&R;1&::6#'!O8:!1&:%16.%&,!%#!J@F!8',!aSN!81&8H!!

`&! %I&'! .#/;81&,! &R;1&::6#'! 6'! 0(##,! G(#O! /$%8'%:! kS67$1&! 2*B!;8'&(! =ZH!$%&'4!

&R;1&::6#'!6:!1&,$.&,!6'!E5U'P<T!/$%8'%!8',!80:&'%!6'!<7%.2/#9.(,/#Z#/22/'(PZP!/$%8'%:H!=$%!%I&!

&R;1&::6#'!#G!5%&'4!6'! +(/(-# Z# G%(U# /.E.<PZP! /$%8'%! O8:! '#%! .I8'7&,H! NI6:! O#$(,! :$77&:%!

,6GG&1&'%!/&.I8'#%18':,$.%6#'!;8%IO8X!O#$(,!1&7$(8%&!5%&'4!&R;1&::6#'H!J:!5%&'4!&R;1&::6#'!

6:!,#O'!6'! 5%&'( !/$%8'%!8',!$; T1&7$(8%&,!6'!G6:I!OI&1&!5%&'( !6:!#>&1T&R;1&::&,!kM(S28!aQZB!6%!

6:!;#::60(&!%I8%!5%&'(#1&7$(8%&:!5%&'4!&R;1&::6#'!kS67$1&!2*B!;8'&(!FZH!

b5FA! ,8%8! :I#O&,! 8! ,#O'1&7$(8%6#'! #G!5%&'4! 6'! 5%&'(! /$%8'%! kG#(,! .I8'7&)! 3BW+B!

;H>8($&)!3B3*4ZH!e#O&>&1B!%I6:!O8:!'#%!1&.8;6%$(8%&,!6'!%I&!/A^J!:&b!,8%8H!`&!I8>&!%#!0&81!

6'!/6', !%I8%!0#%I!5%&'(!8',! 5%&'4!/A^J!81&!:%6((!;1#,$.&,!6'!%I&!/$%8'%:!6'!8!(#O&1!&R%&'%H!

F#':&b$&'%(XB!6%!O6((!0&!6'%&1&:%6'7!%#! ,#!8!b5FA!6'!%I&!5%&'(!aQ!(6'&!%#! .#'G61/!%I&!%1&',!

#0:&1>&,H!!

(

EEFHF(%"#.(3-) 0%"#+/03'%(-"$(%W9'%00%)(.-(<LX(3-)(YN6(4%$D%%-(K^(3-)(]H79A0

`C"e!;1#0&:!O&1&!,&:67'&,!G#1!5%&0!8',! 5%&-]!7&'&:H!S67$1&!22!:I#O:!%I&!1&:$(%:!#0%86'&,!

8G%&1!6'.$08%6#'!#G!%I&:&!;1#0&:!O6%I!`N!kJ=Z!&/01X#:H!\(G+!O8:!I67I(X!&R;1&::&,!6'!0186'!#G!

V3!%#!Y2I;GT&/01X#!0$%!'#!:67'8(!O8:!,&%&.%&,!6'!%I&!I&81%H!\(G*Y!:&&/:!%#!0&!&R;1&::&,!6'!

%I&!I&81%!%$0&!8%!V3I;G!0$%!%I&'!%I&!81&8!#G!&R;1&::6#'!8%!+4I;G!,#&:! '#%!:I#O!8!:;&.6G6.!

&R;1&::6#'!6'!I&81%H!"#/&!X#(M!.&((:!O&1&!:%86'&,!81#$',!%I&!.81,68.!81&8H!!

C'!%I&!/A^JT:&b!,8%8B!'#!,&1&7$(8%6#'!#G!%I&:&!%O#!7&'&:!O8:!,&%&.%&,!8%!+4I;G!6'!

&',#.81,68(!.&((:!6'!/$%8'%:!.#/;81&,!%#!.#'%1#(:H!^#!G&&,08.M!1&7$(8%6#'!:&&/:!%#!I8;;&'!

0&%O&&'!%I&!\KS!:$071#$;!G8/6(X!#G!\(G2!<!\(G+!8',!\(G*Y!6'![&018G6:IH!C'%&1&:%6'7(XB!O&!.8'!

'&>&1%I&(&::! '#%6.&!8!I67I!&R;1&::6#'!#G!5%&-]!/A^J!6'!%I&!/A^J T:&b!,8%8!#G!%I&!.#'%1#(:!

k81#$',!*YB!Y33!1&8,:!8786':%!VB333!G#1!5%&'4!8',!U33!G#1!5%&'(ZH!NI6:!.#$(,!0&!&R;(86'&,!0X!

%I&!G8.%!%I8%!:$1;16:6'7(X!8!71&8%!'$/0&1!#G!&1X%I1#6,!/81M&1:!81&!;1&:&'%!6'!%I&!/A^JT:&b!

,8%8!kI&/#7(#06'!6:!#'&!#G!%I&!G61:%!I6%!t !/97<#17%%#4.#U7<B;<<.U#%(/.,Z!8',!5%&-]!O8:!:I#O'!%#!

0&! 6'>#(>&,! 6'!&1X%I1#6,! .&((! ,6GG&1&'%68%6#'! 8',! '#! I&81%! &R;1&::6#'! #G! %I6:! G8.%#1! O8:!

/&'%6#'&,!%#!,8%&!k\8O8I818!8',!98O6,!233*ZH!
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C'!(6%&18%$1&B!5%&0(<5%&0!O8:!:I#O'!%#!0&!6'>#(>&,!6'!I&81%!>8(>&!G#1/8%6#'!O6%I!5%&'(H!

k?$:%!&%!8(HB!23**Z!:%$,6&,!%I&![&018G6:I!42+#/$%8'%!k8!/$%8%6#'!O6%I6'!%I&!M6'8:&!,#/86'!#G!

5\92!;1#%&6'!OI6.I!801#78%&:!%I&!5\92Te9JFWT\KS!;8%IO8XZH!$%&'(!8',! 5%&0!&R;1&::6#'!O&1&!

,#O'!6'! 42+!/$%8'%!I&81%:!8%!Y2I;IH!NI&!`C"e!6'!#$1!:%$,X!O&1&!1&8(6[&,!&81(6&1!kG1#/!V3!%#!

WUI;GZ!8',!.#$(,!0&!,#'&!8%!Y2I;G!%1X6'7!%#!1&.8;6%$(8%&!%I&!.81,68.!&R;1&::6#'!#0:&1>&,!0X!

?$:%!&%!8(H!$%&0!6:!80#>&!8((!6/;#1%8'%!G#1!;16/6%6>&!&1X%I1#;#6&:6:!kD81,6'&1!&%!8(HB!233YZH! 

!

!

!
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N.5&'%(H :̂(%"#$'(093$."@$%=9"'3*( %W9'%00."-( kZE2f( 3003?l( "-( K^@S`( 3-)( ]H79A( I%4'3A.07(
%=4'?"0(

5%&'4!6:!&R;1&::&,!G1#/!V3I;G!6'!%I&!I&81%!%$0&!8',!%I&'!6%:!&R;1&::6#'!0&.#/&:!1&:%16.%&,!
:6/6(81(X!%#!5%&'(!&R;1&::6#'! 6'! J@F!8',! 6'! 8! :/8((!&R%&',! 6'! aSN!8%!+4I;GH!NI&:&!81&8!#G!
&R;1&::6#'!81&!/86'%86'&,!8%!Y2I;GH!\(G20!6:!8(:#!,&%&.%&,!6'!%I&!;&.%#168(!G6'!0$,:!8%!+4!8',!
Y2I;GH!^#!&R;1&::6#'!6'!%I&!%86(!>8:.$(8%$1&H!!
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N.5&'%(HG:(%"#$'(ZE2f("-(4*"") @A*"DC(%"#(3-)( ,)*+ 8&9.(=&$3-$0(3$(S`79A(

(
(
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B3-%*(<:!5%&'4!.81,68.!&R;1&::6#'!8%!+4I;G!6:!1&:%16.%&,!%#!>8(>&!G#1/6'7!81&8!kJ@F!8',!aSNZ!6'!
`N! kJ=Z! &/01X#:H!B3-%*( [:!5%&'4#&R;1&::6#'! 6:! 80'#1/8(! 6'! /$%8'%:! OI&1&! 0(##,! G(#O! 6:!
8(%&1&,! k%''%2Z! 8',! OI&1&! /&.I8'#T:&':#1:! %1;;2! 6:! M'#.M&,! #$%! k;M,2! /$%8'%ZH! NI6:!
6',6.8%&:!%I8%!5%&'4!&R;1&::6#'!O#$(,!0&!G(#O!,&;&',&'%B!0$%!6'!8!,6GG&1&'%!/8''&1!#G!5%&'(!
&R;1&::6#'H!B3-%*(X)!5%&'4!&R;1&::6#'!6'!M(G!/$%8'%:!k:6'7(&!/$%8'%!5%&'(B!,#$0(&!/$%8'%!5%'&(=#
5%&'4=!%I&!#>&1T&R;1&::6'7!5%&'(!(6'&ZH!$%&'4!&R;1&::6#'!:&&/:!80'#1/8(!6'! 5%&'!/$%8'%:H!NI6:!
6',6.8%&:! %I8%!5%&'4!&R;1&::6#'! /67I%! 0&! /#,$(8%&,! 0X! M(G28H! ^#! .I8'7&! 6'! &R;1&::6#'! 6'!
.+,- <(\0 ! /$%8'%H!B3-%*( !:! :%8%6:%6.8(! 8'8(X:6:! #G!5%&'4! `C"e! 6'! %I&! ,6GG&1&'%! /$%8'%:H! NI&!
.#'%1#(! ;1&:&'%&,! I&1&! 6:! %I&! :$/! #G! 8((! 1&:;&.%6>&! .#'%1#(:! G#1! %I&!/$%8'%:H!•;•3H3WB!
••;•3H3*B!•••;• 3H33*B!••••!;•3H333*!.I6T:b$81&,!8'8(X:6:!G#1!C"e 
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N.5&'%(HH:(%"#.(3-)( %"#+/(ZE2f(%W9'%00."-(.-(K@̂S`(3-)(]H79A(Z6 (I%4'3A.07(%=4'?"0F(

 

*
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!

EEEF! :;;<-<3=&"0<=#3*7&-<3=0&'3>-0#"-+0&=;0#"-.0),=,0,4?*,88<3=((
(

EEEFG(#"-+0@&*;<&@0,4?*,88<3=0<80%"#$&A0&=;0,)*+A;,?,=;,=- (

J:!,&:.160&,!6'!%I&!/86'!6'%1#,$.%6#'!#G!%I6:!%I&:6:B!6'![&018G6:I!&%/-!7&'&!&'.#,&:!G#1!0#%I!

/&/018'& !8', !:#($0(&!;1#%&6':!k/S(%*!8',!:S(%*ZH!:S(%*!6:!G#1/&,!0X!8(%&1'8%6>&!:;(6.6'7!8%!%I&!

&R#'!*3• 6'%1#'!*3!0#$',81XH!C%!O8:!:I#O'!0X!k`6(,!&%!8(HB!23*YZ!%I8%!A&%/-!/$%8'%!8((&(&:!,6,!

'#%! 1&>&8(! 8'X! #0>6#$:!>8:.$(81! /8(G#1/8%6#':! #1! 8(%&18%6#':! 6'! >8:.$(81! 018'.I6'7!

/ #1;I#7&'&:6:!.#/;81&,!%#!/$%8'%:!OI6.I!6'>#(>&,!/$%8%6#'!#G!:#($0(&!S(%*H!NI&:&!/$%8'%:!

;1&:&'%&,!6',&&,!8!IX;&1T018'.I6'7!#G!%I&!%1$'M!>8:.$(8%$1&!8%!Vt +!,;G!k`6(,!&%!8(HB!23*YZH!!

CG!%I&!/$%8%6#'!6:!(#.8%&,!6'!%I&!G61:%!&R#':B!/#1&!(6M&(X!%I&!/$%8'%!O6((!0&!(8.M6'7!0#%I!S(%*!

;1#%&6':H!!

a$1!/$%8'%!&%/-<(-^[0 !;1&:&'%:!8!;#6'%!/$%8%6#'!6'!%I&!&R#'!]B!6'!8'!&::&'%68(!:;(6.&!:6%&H!

e#O&>&1B!%I6:!/$%8'%!I8:!'#%!0&&'!.I818.%&16[&,!X&%H!51#080(X!0#%I!G#1/:!81&!'#%!&'.#,&,!

0$%!%I6:!I8:!%#!0&!.I&.M&,H!`&!I8>&'l%!G6'6:I&,!%I&!.#/;(&%&!8'8(X:6:!#G!%I6:!/$%8'%!%#!(##M!

G#1!;#%&'%68(!,&G&.%:!6'!%I&!>8:.$(8%$1&!OI6.I!.#$(,!1&.8;6%$(8%&!%I&!,8%8!#G!k`6(,!&%!8(HB!23*YZH!

`&! O&1&! G#.$:6'7! #'! %I&! I&81%! ,&G&.%:! #G! %I6:! /$%8'%H!L&018G6:I! EL! I#/#[X7#$:!

&%/-<(-^[0 ! ,6:;(8X&,! :&>&1&! I&81%! ,&G&.%:B! #&,&/8! 8;;&81&,! G1#/! +4I;G! 8',! %I&! /$%8%6#'!

;&'&%18'.&!#0:&1>&,!O8:!U3‚H!NI&!.#/;(&%&!:%$,X!#G!%I&!>8(>&!,&G&.%:!6:!;1&:&'%&,!6'!%I&!

,18G%!#G!%I&!;8;&1H!

!

EEEFH(_"(#"-.0@&*;<&@0,4?*,88<3=0&-0.BC?#0

N#! %&:%! %I&! ;#::60(&! 6/;(6.8%6#'! #G! #%I&1! @QDS! 1&.&;%#1:! ,$16'7! >8(>&! ,&>&(#;/&'%B! O&!

;&1G#1/&,! 8! `C"e! O6%I!&%/0! ;1#0&H!S67$1&! 2V!;1&:&'%:! %I&! 1&:$(%:! #0%86'&,B! '#! .81,68.!

&R;1&::6#'!O8:! ,&%&.%&,!8%!%I6:!%6/&T;#6'%H!^#! .I8'7&!6'!%18':.16;%#/6.! ,8%8!O8:! '&6%I&1!

#0:&1>&,H!NI6:!7&'&!O8:!#'(X!1&;#1%&,!%#!,8%&!6'!>8:.$(81!,&>&(#;/&'%B!6'!;81%6.$(81!6%!O8:!

:I#O'!%#!0&!6/;#1%8'%!G#1!,&>&(#;6'7![&018G6:I!6'%&1:&7/&'%8(!81%&16&:!ke#78'!&%!8(HB!233]ZH!

!

!
!
!
!
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N.5&'%(HK:(#"-.(ZE2f("-(S`79A@I%4'3A.07(%=4'?"00

^ #! .81,68.!&R;1&::6#'!#G!&%/0!O8:!1&;#1%&,!8%!+4I;G! '&6%I&1!6'! `N!#1!<7%.2/!9.(,/ !k%''%28Z!
/$%8'%:!.#'%181X!%#!%I&!1&:$(%:!#G!#$1!.#((80#18%#1:H!!
#

 

N.5&'%(HS:(D=-E' (ZE2f(.-(K^($"(]H79A(I%4'3A.07(%=4'?"00

j 2/34!O8:!,&%&.%&,!6'!%I&!I&81%!%$0&!8%!V3I;G!8',!6%:!&R;1&::6#'!O8:!%I&'!#0:&1>&,!6'!%I&!
>&'%16.(&!8',!J@F<aSN!81&8H!NI&!>&'%16.$(81!&R;1&::6#'!0&.8/&!:%1#'7&1!&%!+4I;GH!J%!Y2I;G!
.81,68.!&R;1&::6#'!O8:!80:&'%H!!
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ELF! :;;<- <3=&"0<=#3*7&-<3=0&'3>-0D=-E'08?&-<3A-,7?3*&"0
,4?*,88<3=0<=0F,'*&#<8C0C,&*-(

!
`&!8'8(X:&,!%I&!:;8%6#T%&/;#18(!#G!12/34!7&'&!6'![&018G6:I!G1#/!V3I;G!%#!Y2I;G!S67$1&!2+H!

F81,68.! &R;1&::6#'! O8:! ,&%&.%&,! 6'! %I&! (6'&81! %$0&! 8%! V3I;G! 8',! O8:! /86'%86'&,! 6'! %I&!

>&'%16.(&!8',!6'!%I&!J@FTaSN!81&8:H!NI&!&R;1&::6#'! :&&/&,!&>&'!/#1&!6'%&':&!6'!aSN!8',!

J@FH!NI&!:67'8(!6'!>&'%16.(&!0&.8/&!/#1&!6'%&':&!G1#/!+UI;G!%#!+4I;GH!J%!Y2e;G!6%!:&&/&,!

O'%]0!O8:!'#%!/#1&!&R;1&::&,!6'!I&81%H!J,,6%6#'8(!,8%8!80#$%!%I&!&R;1&::6#'!#G!12/34!6'!5%&!

8',! .+,- !/$%8'%:!81&!;1&:&'%&,!6'!%I&!;8;&1H!

*
* *
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*
*
*
*
*

D&2%+"'*L*
*
*

!"#$%&"'$()*+&"*#2'5$2#*5,M(.+'"29*+'2(.#'$%+$,(2-*
("+M,'G*,/* G-/12*2(5*" )'7 *2+*LN&%/*
*

*
9&>&(#;/&'%!#G!8!FI1#/8%6'!C//$'#T51&.6;6%8%6#'!kFIC5Z!#
!
C'%&718%6#'! #G! J::8X! G#1! N18':;#:8:&! J..&::60(&! FI1#/8%6'T
"&b$&'.6'7!kJNJFT:&bZ!8',!/A^J T:&b!,8%8!!
^=)!NI6:!;81%!6:!6'.($,&,!6'!%I&!:.6&'%6G6.!;8;&1!k;87&!4YZ!8',! #'(X!8,,6%6#'8(!,8%8!O6((!0&!8,,&,!
6'!%I6:!.I8;%&1H!
!

! !
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EF! B'%3=4*%:(.-$'")&#$."-($"( .-$%5'3$./%(5%-"=.#(0$&).%0(&0%)($"(

&-)%'0$3-)('%5&*3$"'?(-%$D"'Q0(.-()%/%*"9=%-$(

!
EFGF(X7'"=3$.-(3-)(5%-%(%W9'%00."-(

C'!%I&!.&((:B!%I&!&'%61&!7&'&%6.!6'G#1/8%6#'!6:!:%#1&,!8',!;8.M87&,!6'%#!8!.#/;8.%!8',!,&':&!

:%1$.%$1&! .8((&,! .I1#/8%6'H!NI6:! 1&6'G#1.&:! %I&! 9^J! /8.1#/#(&.$(&! ,$16'7! /6%#:6:B!

;1&>&'%6'7!6%:!,8/87&B!8',!8(:#!.#'%1#((6'7!7&'&!&R;1&::6#'!8', !9^J!1&;(6.8%6#'H!NI&!(#.8(!

:%1$.%$1&!#G!.I1#/8%6'!.I8'7&:!,&;&',6'7!#'!%I&!7&'&!&R;1&::6#'!1&b$61&/&'%!#G!&8.I!.&(()!

9^J!OI6.I!&'.#,&:!8.%6>&(X!%18':.160&,!7&'&:!kf%$1'&,!#'!7&'&:fZ!8',!9^J!.#11&:;#',6'7!

%#!06#(#76.8((X!8.%6>&!1&76#':!k;1#/#%&1B!&'I8'.&:!#1!#%I&1!1&7$(8%#1X!&(&/&'%:Z!6:! (##:&(X!
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#'(X! %I&! /&::&'7&1! A^J! ;#;$(8%6#'H! /A^JT:&b! ;1#%#.#(! ;&1/6%:! 8'! &'16.I/&'%! #G! 8((!
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kE8RT5(8'.M! #G! C//$'#06#(#7X! 8',! Q;67&'&%6.:B! S1&60$17Z! 6:! 8>86(80(&! 6'! %I&! E8%&168(! 8',!

E&%I#,:!;81%H!NI6:!;81%!O6((!;1&:&'%!%I&!;#6'%:!OI6.I!I8>&!1&b$61&,!8!:;&.6G6.!#;%6/6[8%6#'B!

%I&!;1&(6/6'81X!1&:$(%:!#0%86'&,!8',!&'.#$'%&1&,!6::$&:H!

!

EEFGF(Y9$.=.I3$."-(0$%90(

J!;81%6.$(81!8%%&'%6#'!O8:!;86,!#'!%I&:&!,6GG&1&'%!;#6'%:)!

CCH*H8Z!}$8'%6%X!#G!/8%&168(!

`#1M6'7!O6%I!(6>6'7!8'6/8(:!8',!'#!.&((:!6'!.$(%$1&!.#':%6%$%&:!8!G61:%!.I8((&'7&!%#!#>&1.#/&H!

`&!'&&,! %#!8..&::!%#!.I1#/8%6'!6'!&81(XT:%87&![&018G6:I!&/01X#:B!OI6.I!81&!:$11#$',&,!0X!8!

%I6.M!7(X.#;1#%&6'!.I#16#'!8',!;#::&::&,!8!(817&!8/#$'%!#G!X#(M!kK6',&/8'!&%!8(HB!23*3ZH!S#1!

%18':.16;%6#'!G8.%#1!FIC5!6%!6:!1&.#//&',&,!%#!$:&!*3Y!.&((:!kN1#/;#$M6!&%!8(HB!23**ZH!J!G61:%!

FIC5!8::8X!O8:! ;&1G#1/&,!$:6'7!*333!+4I;GTOI#(&!&/01X#:!8',! :#/&!/#,6G6.8%6#':!O&1&!

6'%1#,$.&,!G#1!%I&!'&R%!8::8X:B!8:!;1&:&'%&,!(8%&1ZH!Q/01X#:!O&1&!,&.I1#'68%&,!0X!51#'8:&!

,67&:%6#'!kA#.I&Z!8',!.1#::(6'M&,!O6%I!%I&!8,,6%6#'!#G!*‚TG#1/8(I&IX,&!G#1!W!/6'!8%!ANH!!

!

CCH*H0Z!"#'6.8%6#'!:%&;!!

J'!#>&1T:#'6.8%6#'!O6((!(&8,!%#!.I1#/8%6'!,&718,8%6#'!8',!8'!6':$GG6.6&'%!:#'6.8%6#'!%#!'#'T

:;&.6G6.!06',6'7H!"#'6.8%&,!G187/&'%:!:I#$(,!6,&8((X!I8>&!8'!8>&187&!:6[&!#G!W33‡0;!18'76'7!

G1#/! 233! %#! *333‡0;H! JG%&1! :#'6.8%6#'B! 8! ;81%! #G! %I&! :#'6.8%&,! .I1#/8%6'! O8:! 1&>&1:&!

.1#::(6'M&,!0X!0#6(6'7!G#1!23!/6'!8',!(#8,&,!#'!8!7&(%#!.I&.M!G#1!.I1#/8%6'!:6[&H!=6#8'8(X[&1!

8'8(X:6:!k$:6'7!J76(&'%!2*33Z!O8:!8(:#!;&1G#1/&,!%#!7&%!8!/#1&!8..$18%&!&:%6/8%6#'!#G!%I&!

:#'6.8%6#'!&GG6.6&'.XH!!
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NI&!8'%60#,X!$:&,!:I#$(, !0&!&>8($8%&,!%#!,&%&1/6'&)!*T!6G!6%!6:!80(&!%#!06',!%I&!0&8,:B!2T!6G!6%!

1&.#7'6[&:!%I&!'8%6>&!%18':.16;%6#'!G8.%#1!#G!6'%&1&:%!8',!VT!6G!6%!6:!80(&!%#!;$((!6%!,#O'!&GG6.6&'%(X!

,$16'7! %I&! 6//$'#;1&.6;6%8%6#'! :%&;! kC5! :%&;ZH! J! gFI65T̀&:%&1'! =(#%i! O8:! ;&1G#1/&,! %#!

&>8($8%&!%I&:&!;#6'%:H!J!;81%!#G!%I&!0&8,:!8G%&1!%I&!C5!O8:!.#((&.%&,B!0#6(&,!6'!(#8,6'7!0$GG&1!

G#1!*3!/6'!8',!(#8,&,!#'!8!7&(H!

#

CCH*H,Z!FI#6.&!#G!.#'%1#(:!

N#!&':$1&!%I8%!&8.I!:%&;!#G!%I&!&R;&16/&'%!6:!O#1M6'7B!,6GG&1&'%!.#'%1#(:!O&1&!$:&,H!

!

J2/74:Ua#B:2/,:%<)!N#!,&%&1/6'&!6G!%I&!1&:$(%:!#0%86'&,!81&!.#11&.%B!O&!1$'!6'!;818((&(!8!FIC5!

O6%I! 8'%60#,6&:! 8786':%! %I&! I6:%#'&:! eV\+/&V! 8',! eV\2Y8.H! FIC5! G#1! %I&:&! I6:%#'&:!

/#,6G6.8%6#':! O&1&! ;1&>6#$:(X! ;$0(6:I&,! 8',! /81M:! 8.%6>&! 1&7$(8%#1X! &(&/&'%:! 6'! OI#(&!

[&018G6:I!&/01X#:! kK6',&/8'!&%!8(HB!233]d!@8:%&'I#$O!&%!8(HB!23*3d! }$6((6&'!&%!8(HB!23*YZH!

e6:%#'&! eV! %16T/&%IX(! KX:6'&! +! keV\+/&VZ! 6:! 7&'&18((X!8! /81M! G#1! 8.%6>&(X! %18':.160&,!

;1#/#%&1!1&76#':H!e6:%#'&!eV!8.&%X(!KX:2Y!eV\2Y8.!6:!8(:#!.#//#'(X!8::#.68%&,!O6%I!8.%6>&!

&' I8'.&1:!8',!;1#/#%&1: H!NI&:&!8'%60#,6&:!O6((!0&!g;#:6%6>&!.#'%1#(:iH!J:!8!'&78%6>&!8'%60#,X!

.#'%1#(B!O&!.#$(,!I8>&!$:&,!8'!8'%60#,X!%I8%!1&.#7'6[&:!8!'#'T.I1#/8%6'!&;6%#;&!:$.I!8:!8'!

8'%6TDS5!8'%60#,X!k2:/#U:2.#9.,. ZH!

#

W:2/,:%#&:,#/9.#4(B5+,:;2U#:&#/9.#(<<(aY#J:!8!'&78%6>&!.#'%1#(B!C!$:&!g0&8,:!#'(Xi!#1!g0&8,:!

O6%I!8'!6:#%X;&!/8%.I&,!.#'%1#(!6//$'#7(#0$(6'!kC7ZiH#

#

t)2E;/uY#J!;81%!#G!%I&!9^J!:8/;(&!%I8%!I8:!0&&'!.1#::T(6'M&,!8',!:#'6.8%&,!0$%!'#%!6//$'#T
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#G!;16/&1:!O8:!,&:67'&,!OI&1&!O&!M'#O!%I&!;1#%&6'!#G!6'%&1&:%!6:!;1&:&'%!k;#:6%6>&!.#'%1#(!

(#.$:Z!8',!#'&!OI&1&!6%!6:!80:&'%!#1!:67'6G6.8'%(X!,&.1&8:&,!k'&78%6>&!.#'%1#(!(#.$:ZH!NI6:!O6((!

1&>&8(!OI&%I&1!%I&!#0:&1>&,!&'16.I/&'%!6:!:;&.6G6.H!C%!6:!6/;#1%8'%!%#!6'.($,&!%I&:&!.#'%1#(:!

8:!:#/&!8'%60#,6&:!1&:$(%!6'!'#'T:;&.6G6.!&'16.I/&'%H!!
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#G!8'%60#,6&:!6'.$08%&,!O6%I!%I&!0&8,:! :I#$(,!0&! ,&%&.%&,)!8!08',!81#$',!WWM98!G#1!%I&!

I&8>X!.I86'!8',!8!:/8((!#'&!k:#/&%6/&:!'#%!&8:X!%#!,&%&.%Z!81#$',!2WM98!G#1!%I&!(67I%!.I86'H!

J! 08',! 81#$',! *33! M98! 6:! >6:60(&! 6'! :#/&!:8/;(&:B! 8:! :I#O'! 6'! S67$1&! 2]B!OI6.I ! .#$(,!

.#11&:;#',!%#!%I&!.#/;(&R!I&8>X!8',!(67I%!.I86':!#1!%#!8!'#'T:;&.6G6.!08',H!NI6:!G67$1&!8(:#!
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8'%60#,6&:)!\KS2J!;1#%&6'!.#$(,!0&!,&%&.%!6'!%I&!6';$%:!8',!6'!%I&!C5!:8/;(&:H!!

J!%I61,!6'.$08%6#'!#G!%I&!/&/018'&!O6%I!8'%6TeV\+/&V!8((#O:!%#!8%%&:%!%I&!;1&:&'.&!

#G!eV\+!6'!%I&!C5!8:!O&((H!NI6:!.#'G61/:!%I&!;1#%#.#(!O8:!&GG6.6&'%!%#!6//$'&T;1&.6;6%8%&!%I&!
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N.5&'%(H`:(Y9$.=.I3$."-("A($7%(0"-.#3$."-(0$%9("A($7%(X7EB(9'"$"#"*F(!

QGG&.%:! #G! ,6GG&1&'%! :#'6.8%6#'! %6/&:! #'! .I1#/8%6'! G187/&'%! (&'7%IH! FI1#/8%6'! O8:!
G187/&'%&,! $:6'7! F#>816:! Q223! G#1! %I&! 6',6.8%&,! %6/&:! 8',! .#',6%6#':! 8%! +‰FH! 58'&(! J)!
S#((#O6'7!.1#::(6'M!1&/#>8(B!%I&!9^J!O8:!&R%18.%&,!8',!8'8(X[&,!#'!8!*‚T8781#:&!7&(H!W$7!#G!
:#'6.8%&,!.I1#/8%6'!O&1&!(#8,&,!;&1!(8'&!kG1#/!2333!+4TI;G!&/01X#:ZH!!

58'&(!=)!S#1!G#$1! .#',6%6#':!%I&! ;$16G6&,! .I1#/8%6'!O8:!8'8(X[&,!O6%I!=6#8'8(X[&1!"X:%&/!
kJ76(&'%!2*33B!/6.1#.I6;!J76(&'%!e67I!"&':6%6>6%X!9^J!\6%!k1&#1,&1T'#!W3UYT+U2UZ!8',!J76(&'%!
9^J!*333!\6%!k1&#1,&1!'$/0&1!W3UYT*W3+Z!

S187/&'%:!80#>&!U330;!O&1&!.#':6,&1&,!$',&1T:#'6.8%&,!8',!0&(#O!233;0!#>&1T:#'6.8%&,H!

 

20min (1Õ on / 1Õoff) 
30min (1Õ on / 1Õ off) 
 

5min (1Õ on / 1Õoff) 
10min (1Õ on / 1Õ off) 
 

A B 
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1- incubation with secondary anti-rabbit HRP antibody (1:5000)
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2- incubation with primary anti-KLF2/Klf2a antibodies (1:1000)
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35
25

100

130

3- incubation with primary anti-H3K4 antibody (1:1000)
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H3K4
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