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Transactivation Domain

Figure S1

Figure S1. Sequence alignment of human PLAG1 isoforms. Related to Figure 2.
Shown is the alignment of the three PLAG1 isoforms and the location and number of Zn finger 
domains (blue boxes), transactivation domain (green box) and alternative start sites for PLAG1 
isoforms (red).
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Figure S2. ChIP-seq experiments for PLAG1-s and USF2. Related to Figure 6.
(A.) Shearing profiles of the chromatin that was immunoprecipitated for ChIP-seq experiments. (B. and 
C.) ChIP-western blot (ChIP-WB) profiles to assess the efficiency of chromatin pull down prior to 
sequencing by (B.) anti-Flag antibody for PLAG1-s ChIP and (C.) anti-USF2 antibody for USF2 ChIP. 
(D.) Fingerprint plots showing the sequencing read coverage distribution across 100,000 randomly 
selected genomic bins for inputs as well as USF2, and PLAG1-s ChIP samples suggests that PLAG1-s 
ChIP was more efficient compared to USF2 ChIP (E.) Summary of peak calling for both individual repli-
cates from K562 co-overexpression clones #4 and #5 for PLAG1-s and USF2 ChIP experiments. Peaks 
that were common to the two replicates (combined common peaks) were used for all downstream anal-
ysis. (F.) GSEA for PLAG1-s+USF2 co-occupied promoters against a ranked list of genes based on 
expression from Lin- to Lin+ populations (left) GSEA for PLAG1-s+USF2 co-occupied sites using the 
hematopoietic stem/progenitor gene set (right).
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Table S1: Promoter fragment truncation and deletion primer sequences. Related to 
Figure 1. Same reverse primer was used in combination with the respective forward 
primer sequence to generate full length and truncation clones. Underlined are the XhoI 
and HindIII restriction sites in the forward and reverse sequences, respectively.  
 
 

  

Promoter 
clone 

Forward primer sequence Reverse primer sequence 

-3238-Luc CTAGCTAGCTCGAGATGGAGAGCAGAAAGGCACG CTAGCTAGAAGCTTATCTGAGCCCCCCCGCCCCC 

-2251-Luc CTAGCTAGCTCGAGGTGAGTTTGGCACCTCTGAG 

-1764-Luc CTAGCTAGCTCGAGGTGAGTTTGGCACCTCTGAG 

-1188-Luc CTAGCTAGCTCGAGAGGGGTTTCCTGAAATAACC 

-1013-Luc CTAGCTAGCTCGAGCTTTCTCGCCACTGGAATCG 

-788-Luc CTAGCTAGCTCGAGCGGGGGCCGCCAAAGGAG 

-588-Luc CTAGCTAGCTCGAGGAGGAGCCGCAGCAAGC 

-203-Luc CTAGCTAGCTCGAGTGAGCTAAGCCGAGCCC 

-138-Luc CTAGCTAGCTCGAGATTCGGAGGAGCCCGG 

d588-203-
Luc 

TGAGCTAAGCCGAGCCC ACCCGGACCTGGGAGAAG 
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Table S3. qPR-PCR Primers and Universal Probe Library Number for MSI2 and 
CYP1B1. Related to Figure 2-5. 
 
 
Gene Accession Primer sequences Length Position Tm %GC UPL# 
MSI2 

isoform 1 
NM_138962.2 ggcagcaagaggatcagg 

ccgtagagatcggcgaca 
18 
18 

947 - 964 
1016 - 1033 

59 
60 

61 
61 

26 

CYP1B1 NM_000104.3 acgtaccggccactatcact 
ctcgagtctgcacatcagga 

20 
20 

1359 - 1378 
1450 - 1469 

59 
60 

55 
55 

20 
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Supplemental*Experimental*Procedures**

Co5Immunoprecipitation*

1x107%Cells%were%lysed%in%RIPA%buffer%containing%protease%inhibitors%and%incubated%with%

rotation% overnight% at% 4°C%with% 2µg% antiCUSF2% (SantaCruz,% #scC293443)% or% antiCmouse%

IgG%(SantaCruz)%and%Protein%G%dynabeads.%The%precipitated%complex%was%washed%with%

RIPA%buffer%and%coimmunoprecipitated%proteins%were%eluted% in%2x%SDS%Loading%buffer%

and%analyzed%by%Western%Blot.%Similar%experiments%were%performed%with%1%%PFA%crossC

linked%cells%and%antiCFlag%(Sigma,%F1804).%!

!
Chromatin*Immunoprecipitation*(ChIP)%

ChIPCqPCR%was%done%as%per%Carey%et%al%with%slight%modifications%(Carey%et%al.,%2009).%

Briefly,% cells% were% crossClinked,% lysed% and% nuclei% subjected% to% M220% focusedCultra%

sonicator% (Covaris)% to% generate% sheared% chromatin% fragments% of% ~500% bp.% 5μg% antiC

USF2% (SantaCruz,% #scC862),% antiCPLAG1% (GenTex,% #% GTX124217)% or% antiCrabbit% IgG%

(SantaCruz)% were% added% per% 1000µL% of% IP% volume% followed% by% precipitation% of%

chromatinCantibody%complex%by%Protein%G%dynabeads% (Invitrogen).% Immunoprecipitated%

DNA%was%extracted%using%phenol/chloroform,%quantified%and%subjected%to%qPCR.%Primers%

and% probes% were% designed% by% the% Universal% Probe% Library% (UPL)% probe% finder% tool%

(Roche)%using% input%sequence%comprising%588%bp%upstream%of% the%MSI2%TSS.%For% the%

promoter%region%we%used%UPL%probe%#63%and%forward%and%reverse%primers%as%follows:%

CGCTCGCAGAGAGATTCGd%GAGATCTCCGCTCCCTCCT.%ChIP%fold%enrichment%was%

calculated%using%the%2C∆∆Ct%method%(Schmittgen%and%Livak,%2008).%

For%ChIPCseq,%1x108%cells%K562%cells%coCoverexpressing%FlagCPLAG1CS%and%USF2%were%

crossClinked%in%1%%PFA%and%excess%PFA%was%washed%with%glycine,%cells%were%lysed%in%



RIPA%buffer% (50mM%TrisCCl%pH7.45,%150mM%NaCl,%0.1%%SDS,%2%%NPC40,%1%%Sodium%

deoxycholate)% containing% protease% inhibitors% and% nuclei% were% subjected% to% probe%

sonication.%Two%percent%of%each%sample%was%used%for%Input%sequencing.%Chromatin%was%

diluted% in% dilution% buffer% (50mM% TrisCCl% pH7.45,% 150mM% NaCl)% to% get% a% final% SDS%

concentration% of% 0.025%% to% assist% in% immunoprecipitation% (IP).% Twenty% μg% antiCUSF2%

(SantaCruz,%#scC293443)%or%antiCFlag% (Sigma,%F1804)%and%Protein%G%dynabeads%were%

used% for% IP.% The% precipitated% complex% was% washed% in% low% (50mM% TrisCCl,% pH% 7.45,%

250mM%NaCl,% 2mM% EDTA,% 0.1%SDS%w/v,% 1%% Triton% XC100% v/v)% and% high% salt% buffer%

(same% as% low% salt% buffer% except% use% 500mM%NaCl)% and% chromatin% was% eluted% in% TE%

buffer% at% 65°C% before% reverse% crossClinking% with% Proteinase% K% (NEB,% P8107S).%

Sequencing%libraries%were%prepared%using%NEBNext®%UltraTM%II%DNA%Library%Prep%Kit%for%

Illumina®%(NEB,%E7645S)%and%sequencing%as%50%bps%single%ended%reads%was%performed%

on%Illumina%HiSeq%1500%at%a%depth%of%55%million%reads%per%input%and%42.5%million%reads%

per%IP.%%

%

ChIP5seq*analysis*

Sequencing% reads% were% quality% controlled% using% fastQC,% and% the% adaptors% were%

removed% using% cutadapt% software% using% the% illumina% universal% primer% sequence%

AGATCGGAAGAGCACACGTCTGAACTCCAGTCAC.% The% reads% were% aligned% to%

human%genome%assembly%GRCh38%using%hisat2%aligner% (version%hisat2C2.0.4)% (Kim%et%

al.,% 2015)% and% duplicates% were% removed% using% samtools% (Li% et% al.,% 2009).% Fingerprint%

plots%were%generated%using%deepTools%(Ramirez%et%al.,%2016)%to%check%efficiency%of%the%

ChIP% experiments.% Samtools% merge% was% used% to% merge% the% input% files% to% create% a%



master%background%files,%and%MACS2%(Feng%et%al.,%2011)%was%used%to%called%peaks%from%

the% individual%ChIP% replicates%using% the%merged% input% files.%The% following%peak%calling%

parameters%were%used:%%

macs2% callpeak% Ct% ChIP_file1.bam% Cc% Input_merged.bam% Cf% BAM% Cg% hs% –n%

ChIP_file1_peaks%CB%Cs%50%CCbw%150%Cq%0.01%CCoutdir%%

Since% the% IP%efficiency%was% lower% for%USF2% the%peaks%were%called%using% the% following%

less%stringent%parameters:%

macs2% callpeak% –t% USF2_ChIP_file1.bam% Cc% Input_merged.bam% Cf% BAM% Cg% hs% Cn%

ChIP_file1_peaks%CB%Cs%50%CCbw%150%Cq%0.05%–m%2%50%CCoutdir%%

Bedtools%intersect%(Quinlan%and%Hall,%2010)%was%used%to%identify%peaks%common%to%the%

two% replicates%and%were%used% for% all% downstream%analysis.%Peak% files%were%annotated%

using% HOMER% (Heinz% et% al.,% 2010) annotatepeaks.pl% script% using% hg38% as% the%

background.%HOMER’s%mergepeaks%function%was%used%to%identify%PLAG1CS%and%USF2%

coCbound% targets% within% 100bps% from% each% other.% findMotifsGenome.pl% was% used% for%

motif%analysis%with%the%following%parameters%Csize%200%–mask.%Motif%distribution%profiles%

were%generated%using%the%HOMER%function%annotatePeaks.pl%with%the%USF2%consensus%

motif%file%and%the%second%GCrich%region%identified%as%being%the%PLAG1CS%consensus.%The%

RCpackages%ChIPSeeker%(Yu%et%al.,%2015),%and%clusterProfiler% (Yu% et% al.,% 2012)%

were% used% to% perform% peak% distribution% and% pathway% analysis.% Significance% of% any%

enriched%pathways%and%GO%processes%was%addressed%by%setting%adjusted%pvalueCutoff%

to%0.05,%and%by%adjusting%the%pCvalues%using%Benjamini%&%Hochberg%(BH)%method%that%is%

built% into% the% clusterProfiler% package.% GeneCset% enrichment% analyses% were% performed%

using%the%GSEA%tool%with%500C1500%permutations.%%

*



Cord*blood*CD34+*cell*isolation,*lentiviral*transduction*and*in#vitro*culture*

FACS%isolated%LinC%CD34+%cells%were%prestimulated%for%8C12%hours%in%StemSpan%medium%

(StemCell%Technologies)%supplemented%with%growth%factors%Interleukin%6%(ILC6d%20%ng/ml,%

Peprotech),%Stem%cell%factor%(SCFd%100%ng/ml,%R&D%Systems),%Flt3%ligand%(FLT3CLd%100%

ng/ml,% R&D% Systems)% and% Thrombopoietin% (TPOd% 20% ng/ml,% Peprotech).% Cells% were%

transduced% at% an% MOI% of% 50C100% with% pSMALB% lentiviral% particles% encoding% 3xFLAGC

PLAG1Cp2ACUSF2% (PLAG1+USF2)% or% firefly% luciferase% (Vector).% BFP+% cells% were%

purified% using% a% MoFlo% XDP% (Beckman% Coulter)% 72hrs% postCtransduction.% For% in# vitro%

culture,% cells% were% seeded% at% a% density% of% 1% x% 105% cells/ml% in% IMDM% 10%% FBS%

supplemented%with% ILC6% (10%ng/ml),%SCF% (50%ng/ml),%FLT3CL% (50%ng/ml),% and%TPO% (20%

ng/ml)%and%counted%and%analyzed%by%flow%cytometry%for%CD34%positivity%at%day%3%and%7.%

Flow% cytometry% data% was% analyzed% by% Flowjo% (Tree% star).% Immunocytochemistry%

staining,% imaging% and% analysis% for% MSI2% and% CYP1B1% protein% levels% was% done% as%

previously%reported%(Rentas%et%al.,%2016).*

%

Statistical*analysis%

All%statistical%analyses%were%performed%using%PRISM%(Graphpad%software,% Inc).%Where%

appropriate%statistical%significance%was%estimated%using%nonCparametric%twoCtailed%tCtest%

for% pairwise% comparisons% or% 1Cway% ANOVA%multiple% comparisons% of% control% and% test%

transfections/transductions.% Data% shown% as% mean% ±SEM.% *% p<0.05,% **% p<0.01,% ***%

p<0.001%%

%

*
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