Supplementary Data:

[image: image1.jpg]Gated on Lin™ cells

Cebpa KO Mice
BM

Transduction with a pool of lentiviruses
carrying scrambled shRNA or shRNA
targeting specific genes

iy
D

Serial Replating

- ' 2 ' >

?3@‘ \ ?.3. .v OO f.\". O O 6'. ." O

Assessment Assessment Assessment Assessment

(v0)

120 ¢ [0 Scrambled shRNA
l Sox4 shRNA

Relative mRNA level

1 2  Plating Round

53 >
Targeted allel
—-—{‘EEJ Cebpa }—-—‘EE]
Ceb paloxP <

—23

Excised allel _‘m
Cebpa®

Scramble shRNA (R1)

Sox4 shRNA (R1)
Scramble shRNA (R2)

Sox4 shRNA (R2)

Control-2

)
©°
=
c
o
O

Floxed allele

CebpaloxP/onP

m
T

9 *%
s 8 1.4 o
> o~ ©
25 7 *x S 12
<S 6 23
Z© <Q10
r©® 5 Z ®©
Ew 4 *%k r©® 08
2= 3 sl 06
RS 2=
5 2 g3 04
¢ 1 T~ 02
0 “ oo
7 z z :
%9 % % %%
¥ BY BF %

LSK CMP  GMP




Figure S1. Related to Figure 1. 

(A) Schematic representation of in vitro loss-of-function screen used to identify C/EBP downstream genes that confer enhanced self-renewal properties. Sorted LSK cells from Cebpa KO mice were transduced with a pool of lentiviruses carrying a puromycin resistance gene as well as scrambled shRNA or shRNA targeting specific genes. Serial replating assays were performed every 10 days. Both colony number and cell differentiation was assessed for each round.

(B) qPCR analysis of Sox4 expression in cells harvested from the first and second plating round in Figure 1B. Relative Sox4 expression levels were determined as % Gapdh and represented the mean ± SEM of 3 independent experiments. *: p<0.01; **: p<0.001

(C) PCR strategy to genotype mice carrying a floxed Cebpa allele. The location and orientation of primers used for genotyping are shown with arrows. A single 269bp product indicates presence of the floxed Cebpa allele, whereas absence of this band indicates efficient excision. 
(D) PCR genotyping was performed on genomic DNA of cells harvested from the first and second replating in Figure 1B. Agarose gel analysis demonstrated efficient deletion of the floxed Cebpa allele. Control-1: Mx1-Cre-CebpaloxP/loxP with polyI:C treatment; Control-2: Mx1-Cre+ CebpaloxP/loxP without polyI:C treatment; R1: plating round 1; R2: plating round 2. The left lane is a molecular weight 100 bp ladder.

(E) qPCR analysis of Sox4 expression in cells harvested from the first plating round as seen in Figure 1E. Relative Sox4 expression levels were determined as % Gapdh and represented the mean ± SEM of 3 independent experiments. “Vector”: empty vector control; “Sox4”: MSCV-puro-Sox4. **: p<0.001

(F) qPCR analysis of Sox4 expression in cells harvested from the myeloid liquid culture as seen in Figure 1F. Relative Sox4 expression levels were normalized to Gapdh and represented as percentage of scrambled shRNA. The mean ± SEM of 3 independent experiments are presented here. “Vector”: empty vector control; “Sox4”: MSCV-puro-Sox4. **: p<0.001

Table S1, related to Figure 1

	Probe ID
	Gene Symbols
	Entrez Gene
	Gene Description
	Fold Change (KO vs Ctrl)

	1433471_at
	Tcf7
	21414
	transcription factor 7, T-cell specific
	20.92

	1450461_at
	Tcf7
	21414
	transcription factor 7, T-cell specific
	17.23

	1418133_at
	Bcl3
	12051
	B-cell leukemia/lymphoma 3
	16.49

	1435227_at
	Bcl11b
	58208
	B-cell leukemia/lymphoma 11B
	8.93

	1438784_at
	Bcl11b
	58208
	B-cell leukemia/lymphoma 11B
	8.09

	1452966_at
	Bcl11b
	58208
	B-cell leukemia/lymphoma 11B
	3.46

	1420197_at
	Gadd45b
	17873
	Growth arrest and DNA-damage-inducible 45 beta
	7.11

	1449773_s_at
	Gadd45b
	17873
	growth arrest and DNA-damage-inducible 45 beta
	6.28

	1448834_at
	Foxm1
	14235
	forkhead box M1
	6.60

	1448833_at
	Foxm1
	14235
	forkhead box M1
	2.94

	1417748_x_at
	Foxm1
	14235
	forkhead box M1
	2.21

	1425570_at
	Slamf1
	27218
	signaling lymphocytic activation molecule family member 1
	6.57

	1419157_at
	Sox4
	20677
	SRY-box containing gene 4
	5.88

	1416630_at
	Id3
	15903
	inhibitor of DNA binding 3
	5.44

	1425261_at
	Cebpg
	12611
	CCAAT/enhancer binding protein (C/EBP), gamma
	4.79

	1425262_at
	Cebpg
	12611
	CCAAT/enhancer binding protein (C/EBP), gamma
	2.87

	1451639_at
	Cebpg
	12611
	CCAAT/enhancer binding protein (C/EBP), gamma
	2.47

	1425922_a_at
	Mycn
	18109
	v-myc myelocytomatosis viral related oncogene, neuroblastoma derived (avian)
	4.56

	1417155_at
	Mycn
	18109
	v-myc myelocytomatosis viral related oncogene, neuroblastoma derived (avian)
	2.81

	1441350_at
	Fgf3
	14174
	fibroblast growth factor 3
	4.21

	1441914_x_at
	Fgf3
	14174
	Fibroblast growth factor 3
	4.06

	1428548_at
	Pak4
	70584
	p21 (CDKN1A)-activated kinase 4
	3.83

	1418581_a_at
	Limk2
	16886
	LIM motif-containing protein kinase 2
	3.67

	1452060_a_at
	Limk2
	16886
	LIM motif-containing protein kinase 2
	2.63

	1439896_at
	Limk2
	16886
	LIM motif-containing protein kinase 2
	2.08

	1417148_at
	Pdgfrb
	18596
	platelet derived growth factor receptor, beta polypeptide
	3.32

	1436970_a_at
	Pdgfrb
	18596
	platelet derived growth factor receptor, beta polypeptide
	2.83

	1419607_at
	Tnf
	21926
	tumor necrosis factor
	2.99

	1425895_a_at
	Id1
	15901
	inhibitor of DNA binding 1
	2.84

	1415899_at
	Junb
	16477
	Jun-B oncogene
	2.83

	1422537_a_at
	Id2
	15902
	inhibitor of DNA binding 2
	2.76

	1436758_at
	Hdac4
	208727
	histone deacetylase 4
	2.69

	1453596_at
	Id2
	15902
	inhibitor of DNA binding 2
	2.59

	1421965_s_at
	Notch3
	18131
	Notch gene homolog 3 (Drosophila)
	2.44

	1447878_s_at
	Fgfrl1 
	100046239
	fibroblast growth factor receptor-like 1 
	2.42

	1451912_a_at
	Fgfrl1 
	100046239
	fibroblast growth factor receptor-like 1 
	2.06

	1422580_at
	Myl4
	17896
	myosin, light polypeptide 4
	2.40

	1420812_at
	Hdac7a
	56233
	histone deacetylase 7A
	2.31

	1448893_at
	Ncor2
	20602
	nuclear receptor co-repressor 2
	2.30

	1419026_at
	Daxx
	13163
	Fas death domain-associated protein
	2.27

	1431088_at
	Foxp4
	74123
	forkhead box P4
	2.26

	1429719_at
	Foxp4
	74123
	forkhead box P4
	2.11

	1454775_at
	Hdac10
	170787
	histone deacetylase 10
	2.21

	1450478_a_at
	Ptpn12
	19248
	protein tyrosine phosphatase, non-receptor type 12
	2.19

	1422045_a_at
	Ptpn12
	19248
	protein tyrosine phosphatase, non-receptor type 12
	2.15

	1419354_at
	Klf7
	93691
	Kruppel-like factor 7 (ubiquitous)
	2.18

	1416983_s_at
	Foxo1
	56458
	forkhead box O1
	2.17

	1416981_at
	Foxo1
	56458
	forkhead box O1
	2.04


Fold changes of the 30 candidate gens in Cebpa KO LSKs vs. wild-type LSKs detected by Affymetrix gene expression microarray. 
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Figure S2. Related to Figure 2.
(A) C/EBP ChIP-sequencing data across the Sox4 locus in mouse bone marrow–derived macrophages. Area of high C/EBP DNA-binding intensity is indicated as black peaks (both the intensity and number of hits) and two C/EBP binding regions were identified in the upstream proximal region to Sox4 gene. The RefSeq and UCSC gene tracks are shown below the ChIP-seq profiles and the white arrowheads indicate the 5’ to 3’orientation of Sox4 gene.
(B) Dose-dependent transactivation potential of C/EBP. HEK293 cells were transiently transfected with a luciferase reporter carrying a hexamer of C/EBP sites identified from the G-CSFR promoter, pNull-Renilla, and increasing amounts of pCDNA3-C/EBP; pCDNA3 was used to maintain a constant amount of DNA. 24 hr later, cell lysates were assayed for luciferase and renilla activities. Luciferase activities were normalized to Renilla activities and then were presented as fold change compared to the empty vector alone. Data represent the mean ± SEM of 3 independent experiments. *: p<0.01; **: p<0.001

(C) E2F1 protein has no effect on the Sox4 promoter activity. HEK293 cells were transiently transfected with the full-length pGL4-mSox4 promoter-luciferase reporter, pNull-Renilla, and increasing amounts of pCDNA3-E2F1; pCDNA3 was used to maintain a constant amount of DNA. 24 hr later, cell lysates were assayed for luciferase and renilla activities. Luciferase activities were normalized to renilla activities and then were presented as percentage of empty vector alone. Data represent the mean ± SEM of 3 independent experiments.
(D) E2F family members have no effect on Sox4 promoter activity. HEK293 cells were transiently transfected with reporter constructs carrying either the full-length Sox4 promoter or a tetramer of the E2F site, pNull-Renilla, as well as empty vector or constructs expressing E2F family members. 24 hr later, cell lysates were assayed for luciferase and renilla activities. Luciferase activities were normalized to renilla activities and then were presented as fold change compared to empty vector alone. Data represent the mean ± SEM of 3 independent experiments. 

(E) E2F1 doesn’t antagonize the repression of Sox4 promoter activity by C/EBP. HEK293 cells were transiently transfected with reporter constructs carrying the full-length Sox4 promoter, pNull-Renilla, as well as empty vector or construct expressing C/EBP plus increasing amounts of pCDNA3-E2F1. 24 hr later, cell lysates were assayed for luciferase and renilla activities. Luciferase activities were normalized to renilla activities and presented as percentage of empty vector alone (pCDNA3). Data represent the mean ± SEM of 3 independent experiments. 
(F) Effect of C/EBP BRM mutants on Sox4 expression levels in vivo. Comparison of Sox4 (top) and Cebpa (bottom) expression level in Cebpa KO LSK cells infected with an empty retrovirus (MIGR1) or a retrovirus expressing either wild-type rat C/EBP or its mutants (BRM2, BRM5). LSK cells were sorted from Mx1-Cre+ CebpaloxP/loxP (KO) mice 14 days after polyI:C injection and transduced with retroviruses. 24hr later, GFP+ cells were sorted and relative gene expression levels were determined by qPCR as % Gapdh. Data represent the mean ± SEM of 3 independent experiments. 
(G) Comparison of basal promoter activities of full-length or truncated constructs of the pGL4-mSox4promoter-luciferase reporter as described in Figure 2C. HEK293 cells were transiently transfected with full-length or truncated pGL4-mSox4promoter-luciferase reporters and pNull-Renilla. 24h later, luciferase activities were measured and normalized to renilla activities and presented as percentage of full-length pGL4-mSox4promoter-luciferase reporter (bp -500 to +899). Data represent the mean ± SEM of 3 independent experiments.
(H) EMSA using 32P-labeled, double-stranded oligonucleotide containing potential C/EBP binding sites from the murine Sox4 gene (“probe”) was performed using nuclear extracts prepared from RAW 264.7 (“RAW NE”). Indicated are competitor oligonucleotides (“self” and “consensus C/EBP”) used in 100-fold molar excess. Free probe, migration of free probe; “C/EBP”, C/EBPcomplex; x, migration of nonspecific protein complexes binding to the probes.

(I) Evolutionary conservation analysis of the Sox4 promoter. Multispecies sequence alignment of a segment corresponding to the -183~-83bp region (relative to TSS) of the murine Sox4 gene. The location of the highly conserved C/EBP site is underlined and indicated above the sequences. H: human; C: chimpanzee; M: mouse; R: rat.
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Figure S3. Related to Figure 3.
(A) Schematic representation for breeding conditional deficient mice carrying either a floxed Sox4 allele alone or floxed Cebpa and Sox4 allele.

(B) qPCR analysis of p21 and p57 expression in LSK cells sorted from single and double knockouts. Bone marrow cells were harvested 21 days after polyI:C injection. Relative mRNA expression levels were determined as % Gapdh and represented the mean ± SEM of 3 independent experiments. *: p<0.01. 

(C) qPCR analysis of p27, p19, Ccnd2 and Ccnd3 expression in LSK cells sorted from Cebpa KO mice and wild-type controls. Bone marrow cells were harvested 21 days after polyI:C injection. Relative mRNA expression levels were determined as % Gapdh and represented the mean ± SEM of 3 independent experiments.
(D) PCR strategy to genotype mice carrying the Sox4loxP/loxP allele. The location and orientation of primers used for genotyping are shown with arrows. The single product of 520bp indicates the presence of an excised floxed Sox4 allele, whereas absence of this band indicates no excision. 
(E) PCR genotyping was performed on LSK cells sorted from WT, Sox4 KO, Cebpa KO, and dKO mice 21 days after polyI:C injection (as seen in Figure 3A). Representative agarose gel shows the floxed and recombined Cebpa (left panel) and Sox4 (right panel) alleles and reveals efficient excision of these two floxed alleles. Left lane, 100 bp ladder.

(F) PCR genotyping was performed on donor-derived LSK cells sorted from mice transplanted with LSK cells from WT, Sox4 KO, Cebpa KO, and dKO mice (as seen in Figure 3F). Representative agarose gel shows the floxed and recombined Cebpa (left panel) and Sox4 (right panel) alleles and reveals efficient excision of these two floxed alleles. Left lane, 100 bp ladder.
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Figure S4. Related to Figure 4.
(A) Representative flow cytometry analysis of myeloid cell (Mac1+ or Gr1+) frequency/population in bone marrow from WT, Sox4 KO, Cebpa KO, and dKO mice 21 days after polyI:C injection. Percent cells are shown for the indicated gates. Note the barely detectable Mac1+Gr1+ populations in both Cebpa KO and dKO mice. Also note that abnormal Mac1intermediate Gr1- population in the dKO mice. One representative experiment of six is shown. 

(B) PCR genotyping was performed on Mac1+ cells sorted from Sox4 KO and WT; Mac1- cells from Cebpa KO; Mac1intermediate cells from dKO mice 21 days after polyI:C Injection (as seen in Figure S4A). Representative agarose gel shows the floxed and recombined Cebpa (left panel) and Sox4 (right panel) alleles and reveals efficient excision of these two floxed alleles. Left lane, 100 bp ladder marker.

(C) PCR genotyping was performed on donor-derived Mac1+ Gr1+ cells sorted from mice transplanted with LSK cells from WT, Sox4 KO and dKO mice and donor-derived Mac1-Gr1- cells sorted from mice transplanted with LSK cells from Cebpa KO mice (as seen in Figure 4A). Representative agarose gel shows the floxed and recombined Cebpa (left panel) and Sox4 (right panel) alleles and reveals efficient excision of these two floxed alleles. Left lane, 100 bp ladder.

(D) Knock-down efficiency of mSox4 shRNAs. HEK293T cells were co-transfected with construct expressing V5-tagged mSox4 and retroviral constructs (pRSEG) carrying either a scrambled shRNA or mSox4 shRNA (shRNA 672, shRNA 928, shRNA 1419). 48 hr later, cells were harvested and Western Blots were performed. SP1 is used as a loading control. Two of the mSox4 shRNA (shRNA 672 and shRNA 928) exhibited efficient knock-down of mSox4.

(E) Schematic representation of the bone marrow transplantation experiment. In brief, LSK cells were sorted from Cebpa KO mice 14 days post polyI:C injection, transduced with retroviruses expressing either scrambled shRNA or a mix of mSox4 shRNA 672 and shRNA 928, and transplanted into recipient mice. 4 months later, recipient bone marrow was harvested and analyzed for myeloid differentiation.

(F) PCR analysis for the excision of floxed Cebpa allele in cells as described in Figure 4D. Representative agarose gel shows the floxed and recombined Cebpa alleles and reveals efficient excision of Cebpa allele, Lane 1: Cebpa KO LSK used for retroviral-infection and transplantation; Lane 2: Mx1-Cre-CebpaloxP/loxP control; Lane 3: GFP+Mac1+Gr1+ cells derived from Cebpa KO donor transduced with mSox4 shRNA; Lane 4: GFP+Mac1-Gr1- cells derived from Cebpa KO donor transduced with mSox4 shRNA; Lane 5: GFP+Mac1-Gr1- cells derived from Cebpa KO donor transduced with scrambled shRNA. Far left lane, 100 bp ladder.  
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Figure S5. Related to Figure 5.
(A) Gating strategy for bone marrow fractions of leukemic K/L recipient mice and wild-type controls. Recipient mice were transplanted with bone marrow either from wild-type BL6 mice (WT, left panels) or from K/L mice which developed leukemia (right panels). After the K/L recipient mice developed leukemia, total bone marrow cells were subjected to lineage* depletion and sorted as donor derived (CD45.1-CD45.2+) fractions I (Lin*loSca1+), II (Lin*loSca1-Mac1loc-kit+) and III (Lin*loSca1-Mac1+c-kitlo/-). The modified lineage* cocktail includes erythroid and lymphoid surface markers, but not myeloid surface markers. 

(B) Kaplan Meier survival analysis of lethally irradiated mice transplanted with wild-type BL6 LSK cells transduced with either an empty retrovirus (MIGR1) or a retrovirus expressing mSox4 (MIGR1-mSox4). The numbers of animals from three independent experiments are included in the analysis. Compared to the MIGR1 recipients, Sox4 recipients died from myeloid leukemia within 3~5 months. p<0.0001
(C) Representative flow cytometry analysis of bone marrow and spleen from control (MIGR1) and leukemic Sox4 recipients (MigR1-Sox4). GFP+ donor-derived cells (CD45.1-CD45.2+) were analyzed for the surface expression of Mac1 and Gr1. Percentage of sorted cells are shown for the indicated gates. Note the enrichment of myeloid cells (Mac1intermediateGr1intermediate) in the bone marrow (BM) and infiltration of these cells into the spleen. One representative experiment of three is shown.

(D) Serial replating experiments with K/L LIC. Donor-derived fractions II cell were isolated from wild-type control (WT) or leukemic K/L recipient mice and were serially replated in methylcellulose cultures plus puromycin every 10 days (see Supplementary Experimental Procedures). Colony numbers were counted at each plating round and revealed that K/L FrII cells exhibited increased replating potential compared to the wild-type controls. Data represent the mean ± SEM of 3 independent experiments.

(E) The knock-down efficiency of a set of murine Sox4 shRNAs. HEK293T cells were co-transfected with a construct expressing V5-tagged mSox4 and lentiviral constructs (pLKO.1) carrying either scrambled shRNA (#1 and #2) or mSox4 shRNA (#78, #80, #81 and #82). 48hr later, cells were harvested and Western Blots were performed. SP1 is used as a loading control. All four of the murine Sox4 shRNA exhibited efficient knock-down of mSox4.
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Figure S6. Related to Figure 6.
(A) Supervised analysis of gene expression profiles from wild-type HSCs, CMPs, GMPs, MEPs as well as those from MLL-AF9 L-GMP, MOZ-TIF2 L-GMP, Sox4 LICs, K/L LICs and their control counterparts identified a set of self-renewal associated genes that show increased expression only in the LIC population but not in the L-GMP populations (fold change cutoff=1.5; p value cutoff=0.05).

(B) Assessment of the 56-gene of murine self-renewal-associated LICs signature in human AML with mutated CEBPA (left panel, p=0.005) or silent CEBPA (right panel, p<0.001) compared to other AML with wild-type CEBPA. 

Table S2, related to Figure 6

	Gene Symbol
	log2 fd HSC/(CMP, GMP, MEP)
	log2 fold change of MT2 L-GMP/GMP GFP
	log2 fold change of MF9 L-GMP/GMP sort
	log2 fold change of K/L FRII /WT FRII
	log2 fold change of Sox4 FRII /WT FRII

	S100A4
	1.51
	-2.01
	-1.04
	3.53
	3.22

	IRF2
	1.05
	-0.24
	0.05
	1.89
	1.29

	P2RY14
	2.33
	-1.08
	0.22
	2.24
	1.17

	CTSS
	1.26
	-1.79
	-0.39
	5.25
	5.34

	LSP1
	1.79
	-0.84
	0.57
	2.77
	1.25

	IIGP2
	1.31
	0.09
	0.22
	1.51
	1.46

	GBP2
	2.04
	-0.77
	-1.21
	1.00
	1.46

	EPB4.1L4B
	1.83
	-0.28
	-0.09
	1.45
	1.55

	RSAD2
	1.54
	0.61
	-0.88
	1.20
	1.33

	SERPINB9
	1.07
	-0.12
	0.20
	1.54
	1.27

	SCOTIN
	2.43
	0.15
	0.16
	2.00
	2.35

	TTC8
	1.40
	-0.03
	0.00
	2.47
	1.54

	ALCAM
	1.02
	-2.28
	-0.70
	1.55
	1.80

	MDFIC
	1.38
	-1.05
	-0.69
	2.82
	2.75

	KLF6
	1.63
	0.52
	-0.39
	1.06
	1.24

	GIMAP6
	2.40
	0.29
	-0.43
	1.48
	1.33

	FOXO3A
	1.07
	-0.38
	-0.66
	1.36
	1.54

	PRKD2
	1.44
	0.43
	0.16
	1.93
	2.13

	SCOTIN
	1.83
	-0.06
	0.12
	1.52
	2.32

	PARP14
	1.13
	0.58
	-0.69
	1.79
	2.12

	TSC22D1
	1.51
	0.41
	0.55
	1.12
	2.00

	SCPEP1
	0.92
	-0.32
	-0.27
	1.78
	2.70

	PTGER4
	0.80
	-1.43
	-2.94
	1.93
	3.21

	LY96
	0.95
	-1.18
	0.54
	2.17
	2.22

	KLF10
	0.88
	-0.43
	0.50
	1.99
	1.67

	TMBIM1
	0.78
	-0.07
	-0.39
	2.21
	2.78

	SH3GLB1
	0.69
	-0.88
	-0.01
	1.17
	1.66

	FXYD5
	0.70
	-0.88
	0.13
	1.65
	1.39

	BCL9L
	0.94
	-0.67
	0.03
	1.69
	1.14

	DNAJC1
	0.57
	-0.19
	0.03
	1.09
	1.27

	PURA
	0.66
	0.27
	-0.19
	1.13
	1.11

	ANGPT1
	0.94
	-0.02
	0.29
	2.15
	1.26

	TRIM6 
	0.97
	0.04
	-0.05
	1.66
	1.32

	HIP1R
	0.81
	-1.60
	-0.29
	1.53
	1.53

	TGFBR2
	0.97
	-2.30
	-0.16
	1.36
	1.38

	PHLPP
	0.85
	0.51
	0.15
	2.12
	1.37

	MLL1
	0.65
	0.13
	-0.09
	1.07
	1.20

	ITPR2
	0.65
	-0.76
	0.30
	2.59
	1.05

	HCFC1R1
	0.78
	-0.87
	0.46
	1.41
	1.15

	CLCN5
	0.91
	-0.68
	0.46
	1.39
	1.08

	EPB4.1L2
	0.58
	-0.79
	-0.21
	1.25
	1.18

	NFIC
	0.77
	0.13
	0.08
	2.72
	2.67

	MARVELD1
	0.60
	0.11
	-0.90
	1.26
	2.08

	TSPAN4
	0.81
	0.20
	-1.59
	1.46
	1.06

	LGALS3BP
	0.64
	0.34
	-0.82
	2.95
	3.59

	ASB13
	0.73
	0.28
	-0.80
	1.38
	1.39

	PURA
	0.61
	0.34
	-0.11
	1.62
	1.33

	PTGER3
	0.85
	-0.70
	-2.86
	1.24
	2.58

	H2-D1 
	0.61
	0.03
	-0.11
	1.28
	1.81

	H2-L
	0.60
	0.01
	-0.24
	1.50
	2.23

	AHNAK
	0.93
	-0.70
	-0.17
	3.97
	3.95

	MLL1
	0.66
	0.28
	-0.51
	1.09
	1.46

	RAI1
	0.82
	0.05
	-0.50
	1.20
	1.44

	NOTCH2
	0.66
	-0.57
	-0.14
	1.23
	1.47

	FALZ
	0.61
	0.13
	-0.19
	1.31
	1.04

	CPT1A
	0.70
	-0.03
	-0.39
	1.94
	1.03

	LIMA1
	0.61
	0.98
	1.55
	1.64
	1.33

	LAPTM5 
	0.75
	0.68
	0.71
	2.02
	1.83

	MEF2C
	0.91
	0.92
	1.60
	1.36
	4.10

	LAPTM5
	0.69
	0.64
	0.89
	1.87
	1.52

	SIPA1
	0.59
	0.62
	0.85
	1.33
	1.11

	MAST3
	0.59
	0.78
	0.68
	1.71
	1.30

	EBI3
	1.71
	0.66
	1.57
	1.38
	1.19

	PARP3
	1.03
	0.94
	1.23
	1.63
	1.17

	AI597013
	0.80
	-1.25
	0.95
	2.80
	2.47

	MYADM
	1.54
	-2.92
	0.78
	3.63
	2.12

	SMPDL3A
	0.90
	-0.66
	0.70
	1.25
	1.97

	TRIOBP
	0.59
	-0.48
	0.81
	1.07
	1.11

	UGT1A2 
	1.02
	-2.89
	0.64
	1.69
	2.78

	TNIP1
	0.61
	-0.25
	0.89
	1.33
	1.25

	BSCL2
	0.60
	0.02
	1.16
	1.54
	1.08

	UGT1A2 
	0.87
	-2.11
	0.65
	2.35
	3.14

	HACL1
	0.59
	-1.29
	1.05
	1.44
	1.01

	MEF2C
	0.59
	-0.13
	1.58
	1.18
	4.25

	MBD6
	0.60
	-0.06
	0.58
	1.96
	1.85

	WASPIP
	0.64
	0.15
	0.61
	1.20
	1.10

	NAGA
	0.62
	-0.14
	0.58
	1.35
	1.47

	H2-DMB1 
	0.59
	-0.15
	0.66
	1.03
	1.43

	PARP3
	1.01
	0.39
	0.97
	1.85
	1.36

	PTGS1
	0.99
	0.07
	0.85
	1.12
	2.42


A list of 80 genes in the self-renewal associated LIC signature

Table S3, related to Figure 6

	Gene Symbol
	log2 fold change of HSC/(CMP, GMP, MEP)
	log2 fold change of MT2 L-GMP/GMP GFP
	log2 fold change of MF9 L-GMP/GMP sort
	log2 fold change of K/L FRII /WT FRII
	log2 fold change of Sox4 FRII /WT FRII

	LIMA1
	0.61
	0.98
	1.55
	1.64
	1.33

	LAPTM5
	0.75
	0.68
	0.71
	2.02
	1.83

	MEF2C
	0.91
	0.92
	1.60
	1.36
	4.10

	LAPTM5
	0.69
	0.64
	0.89
	1.87
	1.52

	SIPA1
	0.59
	0.62
	0.85
	1.33
	1.11

	MAST3
	0.59
	0.78
	0.68
	1.71
	1.30

	EBI3
	1.71
	0.66
	1.57
	1.38
	1.19

	PARP3
	1.03
	0.94
	1.23
	1.63
	1.17

	AI597013
	0.80
	-1.25
	0.95
	2.80
	2.47

	MYADM
	1.54
	-2.92
	0.78
	3.63
	2.12

	SMPDL3A
	0.90
	-0.66
	0.70
	1.25
	1.97

	TRIOBP
	0.59
	-0.48
	0.81
	1.07
	1.11

	UGT1A2
	1.02
	-2.89
	0.64
	1.69
	2.78

	TNIP1
	0.61
	-0.25
	0.89
	1.33
	1.25

	BSCL2
	0.60
	0.02
	1.16
	1.54
	1.08

	UGT1A2
	0.87
	-2.11
	0.65
	2.35
	3.14

	HACL1
	0.59
	-1.29
	1.05
	1.44
	1.01

	MEF2C
	0.59
	-0.13
	1.58
	1.18
	4.25

	MBD6
	0.60
	-0.06
	0.58
	1.96
	1.85

	WASPIP
	0.64
	0.15
	0.61
	1.20
	1.10

	NAGA
	0.62
	-0.14
	0.58
	1.35
	1.47

	H2-DMB1
	0.59
	-0.15
	0.66
	1.03
	1.43

	PARP3
	1.01
	0.39
	0.97
	1.85
	1.36

	PTGS1
	0.99
	0.07
	0.85
	1.12
	2.42


A list of 24 gene that show increased expression in both self-renewal associated LIC signature and self-renewal associated L-GMP signature.

Table S4, related to Figure 6

	Gene Symbol
	log2 fold change of HSC/(CMP, GMP, MEP)
	log2 fold change of MT2 L-GMP/GMP GFP
	log2 fold change of MF9 L-GMP/GMP sort
	log2 fold change of K/L FRII /WT FRII
	log2 fold change of Sox4 FRII /WT FRII

	S100A4
	1.51 
	-2.01 
	-1.04 
	3.53 
	3.22 

	IRF2
	1.05 
	-0.24 
	0.05 
	1.89 
	1.29 

	P2RY14
	2.33 
	-1.08 
	0.22 
	2.24 
	1.17 

	CTSS
	1.26 
	-1.79 
	-0.39 
	5.25 
	5.34 

	LSP1
	1.79 
	-0.84 
	0.57 
	2.77 
	1.25 

	IIGP2
	1.31 
	0.09 
	0.22 
	1.51 
	1.46 

	GBP2
	2.04 
	-0.77 
	-1.21 
	1.00 
	1.46 

	EPB4.1L4B
	1.83 
	-0.28 
	-0.09 
	1.45 
	1.55 

	RSAD2
	1.54 
	0.61 
	-0.88 
	1.20 
	1.33 

	SERPINB9
	1.07 
	-0.12 
	0.20 
	1.54 
	1.27 

	SCOTIN
	2.43 
	0.15 
	0.16 
	2.00 
	2.35 

	TTC8
	1.40 
	-0.03 
	0.00 
	2.47 
	1.54 

	ALCAM
	1.02 
	-2.28 
	-0.70 
	1.55 
	1.80 

	MDFIC
	1.38 
	-1.05 
	-0.69 
	2.82 
	2.75 

	KLF6
	1.63 
	0.52 
	-0.39 
	1.06 
	1.24 

	GIMAP6
	2.40 
	0.29 
	-0.43 
	1.48 
	1.33 

	FOXO3A
	1.07 
	-0.38 
	-0.66 
	1.36 
	1.54 

	PRKD2
	1.44 
	0.43 
	0.16 
	1.93 
	2.13 

	SCOTIN
	1.83 
	-0.06 
	0.12 
	1.52 
	2.32 

	PARP14
	1.13 
	0.58 
	-0.69 
	1.79 
	2.12 

	TSC22D1
	1.51 
	0.41 
	0.55 
	1.12 
	2.00 

	SCPEP1
	0.92 
	-0.32 
	-0.27 
	1.78 
	2.70 

	PTGER4
	0.80 
	-1.43 
	-2.94 
	1.93 
	3.21 

	LY96
	0.95 
	-1.18 
	0.54 
	2.17 
	2.22 

	KLF10
	0.88 
	-0.43 
	0.50 
	1.99 
	1.67 


	TMBIM1
	0.78 
	-0.07 
	-0.39 
	2.21 
	2.78 

	SH3GLB1
	0.69 
	-0.88 
	-0.01 
	1.17 
	1.66 

	FXYD5
	0.70 
	-0.88 
	0.13 
	1.65 
	1.39 

	BCL9L
	0.94 
	-0.67 
	0.03 
	1.69 
	1.14 

	DNAJC1
	0.57 
	-0.19 
	0.03 
	1.09 
	1.27 

	PURA
	0.66 
	0.27 
	-0.19 
	1.13 
	1.11 

	ANGPT1
	0.94 
	-0.02 
	0.29 
	2.15 
	1.26 

	TRIM6 
	0.97 
	0.04 
	-0.05 
	1.66 
	1.32 

	HIP1R
	0.81 
	-1.60 
	-0.29 
	1.53 
	1.53 

	TGFBR2
	0.97 
	-2.30 
	-0.16 
	1.36 
	1.38 

	PHLPP
	0.85 
	0.51 
	0.15 
	2.12 
	1.37 

	MLL1
	0.65 
	0.13 
	-0.09 
	1.07 
	1.20 

	ITPR2
	0.65 
	-0.76 
	0.30 
	2.59 
	1.05 

	HCFC1R1
	0.78 
	-0.87 
	0.46 
	1.41 
	1.15 

	CLCN5
	0.91 
	-0.68 
	0.46 
	1.39 
	1.08 

	EPB4.1L2
	0.58 
	-0.79 
	-0.21 
	1.25 
	1.18 

	NFIC
	0.77 
	0.13 
	0.08 
	2.72 
	2.67 

	MARVELD1
	0.60 
	0.11 
	-0.90 
	1.26 
	2.08 

	TSPAN4
	0.81 
	0.20 
	-1.59 
	1.46 
	1.06 

	LGALS3BP
	0.64 
	0.34 
	-0.82 
	2.95 
	3.59 

	ASB13
	0.73 
	0.28 
	-0.80 
	1.38 
	1.39 

	PURA
	0.61 
	0.34 
	-0.11 
	1.62 
	1.33 

	PTGER3
	0.85 
	-0.70 
	-2.86 
	1.24 
	2.58 

	H2-D1
	0.61 
	0.03 
	-0.11 
	1.28 
	1.81 

	H2-L
	0.60 
	0.01 
	-0.24 
	1.50 
	2.23 

	AHNAK
	0.93 
	-0.70 
	-0.17 
	3.97 
	3.95 

	MLL1
	0.66 
	0.28 
	-0.51 
	1.09 
	1.46 

	RAI1
	0.82 
	0.05 
	-0.50 
	1.20 
	1.44 

	NOTCH2
	0.66 
	-0.57 
	-0.14 
	1.23 
	1.47 

	FALZ
	0.61 
	0.13 
	-0.19 
	1.31 
	1.04 

	CPT1A
	0.70 
	-0.03 
	-0.39 
	1.94 
	1.03 


A list of the 56 genes that show increased expression only in the self-renewal associated L-GMP signature (refer to as “unique C/EBPa-Sox4 LIC signature”).

Table S5, related to Figure 6. Provided as an Excel file.

A list of the 396 genes that show increased expression only in the self-renewal associated L-GMP signature.
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Figure S7. Related to Figure 7.

(A) Comparable expression of wild-type and mutated human CEBPA in the same samples used in the Figure 7A are demonstrated by qPCR. Relative gene expression levels were determined by qPCR as % Gapdh. Data represent the mean ± SEM of 3 independent experiments.

(B) Equal transfection efficiency and comparable protein expression level of wild-type (WT) and mutated CEBPA (#22N, #22C, #10, #128) are demonstrated in western blot analysis from parts of the lysates as shown in Figure 7B. Lysates were stained with either an antibody against the C terminus of CEBPA (C-ter Ab) (top panel) or with an antibody against the N terminus of CEBPA (N-ter Ab) (bottom panel). The 30 kDa N-terminal mutated protein is detectable only with the C-ter Ab, whereas the 20 kDa C-terminal mutated protein is detectable only with the N-ter Ab. The 42 kDa wild-type protein is recognized by both antibodies.

(C) The knock-down efficiency of a set of human SOX4 shRNAs. HEK293T cells were co-transfected with a construct expressing Flag-tagged human SOX4 and lentiviral constructs (pGhU6) carrying either a scrambled shRNA or human SOX4 shRNA (#1648, #1102, #1097, #1081, #1079, #1060 and #808). 48hr later, cells were harvested and Western Blots were performed. SP1 is used as a loading control. Two of the SOX4 shRNA (#1648 and #1102) exhibited efficient knock-down of human SOX4.

Supplementary Experimental Procedures:

Flow Cytometry and Cell Sorting

Mononuclear cells were isolated from bone marrow, spleen and peripheral blood and red cells were lysed with ACK lysis buffer 


(Zhang et al., 2004) ADDIN EN.CITE . Single cell suspensions were stained with the indicated fluorochrome-conjugated antibodies (Biolegend and eBioscience) and subjected to flow cytometric analysis or sorting as described previously(Ye et al., 2013). For analysis of lineage differentiation, cells were stained with antibodies against myeloid markers Gr1 and Mac1; B-cell markers B220 and T cells markers CD4 and CD8. For analysis of human neutrophils, cells were stained with antibody against human CD15. For identifying donor cells in recipient mice, antibodies against CD45.2 and CD45.1 was used. Antibodies against human CD45 and murine CD45.2 were used to distinguish human donor cells in NSG mice. For sorting of LSK cells (Lin-Sca1+c-kit+) and progenitors (CMP, GMP and MEP), lineage-positive cells in bone marrow, were labeled with a cocktail of biotinylated rat antibodies specific for lineage markers (CD3, B220, Ter119, Mac1, Gr1, and CD19), streptavidin coupled to paramagnetic beads (MACS, catalog #130-048-101) and depleted with MidiMACS LS Separation units, and the QuadroMACS Multistand (Miltenyi) according to the manufacturer's instructions. The remaining lineage-negative cells were stained with Streptavidin-APC, APC.Cy7-c-kit, Pacific Blue-Sca1, PE-CD16/32 (FcgRII/III) and FITC-CD34 for CMP, GMP and MEPs; stained with Streptavidin-APC, APC.Cy7-c-kit, Pacific Blue-Sca1, FITC-CD48, PE.Cy7-CD150 for LSK and SLAM+-HSC cells. For sorting of leukemia initiating cells in leukemic mice, lineage depletion (Lin*) was performed the same way except that the lineage cocktail contained antibodies against CD3, B220, Ter119, and CD19, but not Mac1 or Gr1. The remaining lineage-negative cells were stained with Streptavidin-Pacific Blue, APC-Sca1, APC.Cy7-c-kit, PE.Cy7-Mac1. Dead cells were excluded by DAPI staining. Flow cytometry analysis was performed on LSRII flow cytometer (Becton Dickinson) and cell sorting was performed on FACSAria cytometer (Becton Dickinson) equipped with FACS Diva acquisition software. All data were analyzed by FlowJo software (Tree Star, Inc.). Information of all the antibodies used in this study is given.

Antibody conjugates:

	Conjugate
	Antigen
	Clone ID
	Concentration
	Dilution
	Supplier

	Biotin
	CD45.1
	A20
	0.5mg/ml
	1:100
	Biolegend

	Biotin
	Mac-1
	M1/70
	0.5mg/ml
	1:200
	eBioscience

	Biotin
	Gr-1
	RB6-BC5
	0.5mg/ml
	1:100
	Biolegend

	Biotin
	CD4
	RM4-5
	0.5mg/ml
	1:100
	Biolegend

	Biotin
	CD8a
	53-6.7
	0.5mg/ml
	1:100
	Biolegend

	Biotin
	Ter119
	TER-119
	0.5mg/ml
	1:100
	Biolegend

	Biotin
	B220
	RA3-6B2
	0.5mg/ml
	1:100
	Biolegend

	APC.Cy7
	c-kit
	2B8
	0.2mg/ml
	1:50
	Biolegend

	Pac. Blue
	Sca-1
	D7
	0.2mg/ml
	1:50
	eBioscience

	PE
	FcgRII/III
	93
	0.2mg/ml
	1:50
	Biolegend

	FITC
	CD34
	RAM34
	0.5mg/ml
	1:50
	eBioscience

	PE.Cy7
	CD150
	TC15-12F12.2
	0.2mg/ml
	1:50
	Biolegend

	FITC
	CD48
	HM48-1
	0.5mg/ml
	1:50
	Biolegend

	PE
	Mac-1
	M1/70
	0.2mg/ml
	1:200
	Biolegend

	FITC
	Gr-1
	RB6-8C5
	0.5mg/ml
	1:100
	eBioscience

	APC
	B220
	RA3-6B2
	0.2mg/ml
	1:100
	Biolegend

	APC
	CD3
	145-2C11
	0.2mg/ml
	1:100
	Biolegend

	PE.Cy7
	B220
	RA3-6B2
	0.2mg/ml
	1:100
	Biolegend

	FITC
	Mac-1
	M1/70
	0.5mg/ml
	1:200
	eBioscience

	PE
	CD19
	6D5
	0.2mg/ml
	1:100
	Biolegend

	Pac Blue
	Ter119
	TER-119
	0.5mg/ml
	1:100
	Biolegend

	Pac Blue
	Mac-1
	M1/70
	0.5mg/ml
	1:200
	Biolegend

	Pac Blue
	Gr-1
	RB6-8C5
	0.5mg/ml
	1:100
	Biolegend

	PE
	CD45.1
	A20
	0.2mg/ml
	1:100
	Biolegend

	APC
	CD45.1
	A20
	0.2mg/ml
	1:100
	Biolegend

	APC
	CD45.2
	104
	0.2mg/ml
	1:100
	Biolegend

	FITC
	CD45.2
	104
	0.5mg/ml
	1:100
	Biolegend

	APC
	Sca-1
	D7
	0.5mg/ml
	1:50
	Biolegend

	PE.Cy7
	Mac-1
	M1/70
	0.2mg/ml
	1:200
	Biolegend

	Pac Blue
	CD3
	17A2
	0.5mg/ml
	1:100
	Biolegend

	Pac Blue
	B220
	RA3-6B2
	0.2mg/ml
	1:100
	eBioscience

	APC.Cy7
	B220
	RA3-6B2
	0.2mg/ml
	1:100
	Biolegend

	APC.Cy7
	Mac-1
	M1/70
	0.2mg/ml
	1:200
	Biolegend


Streptavidin Conjugates:

	Conjugate
	Concentration
	Dilution
	Provider

	APC
	0.2mg/ml
	1:100
	Biolegend

	Pacific Blue
	0.2mg/ml
	1:100
	eBioscience

	PE.Cy7
	0.2mg/ml
	1:100
	Biolegend


BrdU incorporation assay

For measuring cell proliferations by bromodeoxyuridine (BrdU) incorporation assays, mice were given a single injection of BrdU intraperitoneally (100 g/g mouse weight) followed by administration in drinking water (0.8 mg/ml) for 16 hrs. Afterwards, LSK cells from bone marrow were isolated by sorting, permeabilized, and stained with ACP-conjugated antibody against BrdU according to the manufacturer's instructions (BD Bioscience, Catalog #552598). Samples were immediately analyzed on an LSRII flow cytometer.  

qPCR

For measurement of mRNA, quantitative real-time polymerase chain reaction (qPCR) was performed. Total RNA from FACS sorted cells was isolated with a RNeasy mini kit (QIAGEN) followed by digestion of genomic DNA with DNase I (Qiagen, catalog #79254). cDNA was synthesized using a 1st Strand synthesis kit with random hexamers according to the manufacturer's instructions (Invitrogen). qPCR reactions were performed with SYBR green master mix (Bio-Rad, catalog#170-8880) using an AbiPrism 7700 Sequence Detector (Applied Biosystem) according to the manufacturer's instructions. The gene expression levels were normalized to that of Gapdh with the comparative threshold value Ct (2−dCt) method. Primer and probe sequences are given (Integrated DNA Technologies).

Oligonucleotides used for qPCR

	Oligonucleotide
	Species
	Sequence

	GAPDH F
	Human
	5’-gtcggtgtgaacggatttgg-3’

	GAPDH R
	Human
	5’-gccgtgagtggagtcatactgg-3’

	CEBPA F
	Human
	5’- tcggtggacaagaacag-3’

	CEBPA R
	Human
	5’-gcaggcggtcattg-3’

	Gapdh F
	Mouse
	5’-ccagcctcgtcccgtagac-3’

	Gapdh R
	Mouse
	5’-cccttgactgtgccgttg-3’

	Cebpa F
	Mouse
	5’-gaccattagccttgtgtgtactgtatg-3’

	Cebpa R
	Mouse
	5’-tggatcgattgtgcttcaagtt-3’ 

	Sox4 F
	Mouse
	5’-cttgcaggagggagggagaa-3’

	Sox4 R
	Mouse
	5’-ggactctctgtgggcggaat-3’

	Ccnd1 F
	Mouse
	5’-tgtttcttgtagcggcctgttg-3’

	Ccnd1 R
	Mouse
	5’-ccggagactcagagcaaatcc-3’

	Bmi1 F
	Mouse
	5’-ctgccaatggctccaatgaa-3’

	Bmi1 R
	Mouse
	5’-tttactttccgatccaatctgctc-3’

	Mycn F
	Mouse
	5’-gtggctgctcctgctcgtg-3’

	Mycn R
	Mouse
	5’-tcctcctcgtcatcctcatca-3’

	p21 F
	Mouse
	5’-gtggccttgtcgctgtcttg-3’

	p21 R
	Mouse
	5’-agaaatctgtcaggctggtctgc-3’

	p57 F
	Mouse
	5’-ggccaatgcgaacgacttct-3’

	p57 R
	Mouse
	5’-aggagccacgtttggagagg-3’

	Ccnd2 F
	Mouse
	5’-ggccaagatcacccacactg-3’

	Ccnd2 R
	Mouse
	5’-atccggcgttatgctgctct-3’

	Ccnd3 F
	Mouse
	5’-caagctgcgcgaaaccac-3’

	Ccnd3 R
	Mouse
	5’-gccaggtcccacttgagctt-3’

	p19 F
	Mouse
	5’-catcctgacgccctgaacc-3’

	p19 R
	Mouse
	5’-accggaggcatcttggacat-3’

	p27 F
	Mouse
	5’-tgggttagcggagcagtgtc-3’

	p27 R
	Mouse
	5’-ctccacagtgccagcgttc-3’


F: forward primer; R: reverse primer.

Virus transduction, serial replating assay, and cell culture

Retroviral supernatants were generated by transduction of BOSC23 cells with the retroviral constructs using Lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Supernatants were collected 48 hr and 72 hr post-transduction, concentrated using a Plus-70 COLUMN (Millipore) and stored at -80°C. For retroviral transduction, culture dishes were coated with retronectin (Takara, Japan) followed by retroviruses at a multiplicity of infection of 10 according to the manufacture’s instructions. Afterwards, FACS-sorted cells were immediately plated on retronectin-coated dishes and cultured in Cell Genix SCGM medium (Cell Genix,m catalog#2001) supplemented with 2% fetal bovine serum (FBS, Invitrogen), recombinant murine SCF (50 ng/ml), recombinant murine Flt-3L (50 ng/ml), recombinant murine TPO (25 ng/ml), recombinant human IL-6 (20 ng/ml), and recombinant murine IL-3 (10 ng/ml) (PeproTech), 1% penicillin/streptomycin (GIBCO). Cells were transduced twice on two consecutive days and harvested for sequential experiments. 

Lentiviral supernatants were generated by transfection of HEK293T cells with lentiviral constructs pCMV-dR8.91 (containing gag, pol and rev genes) and a VSV-G expressing envelope plasmid (pMD2G-VSVG) using lipofectamine 2000 (Invitrogen) according to the manufacturer's instructions. Supernatants were collected 48 hr and 72 hr post-transduction, concentrated using a Plus-70 COLUMN (Millipore), and stored at -80°C. FACS-sorted cells were transduced by virus supernatant of scrambled shRNAs or shRNAs targeting mSox4 at a multiplicity of infection of 10 in the presence of 4 g/ml Polybrene (Sigma-Aldrich). 48 hr later, transduced cells were harvested for sequential experiments.

For serial replating assays, virus-transduced cells were plated at 10000 cells/ml in Methocult M4343 methylcellulose media (StemCell Technologies, Vancouver, BC, Canada) in the presence or absence of puromycin (2 g/ml). At every 10 days interval after plating, the colony number was counted under an inverted microscope (Zeiss). Cells were washed out from methylcellulose and subjected to various analyses as following: (1) differentiation was assessed by cytocentrifuge preparation of cells followed by May-Grünwald Giemsa staining as well as by flow cytometry for Mac1 expression; (2) Replating efficiency was determined by replating 5000 cells/plate again.

To induce myeloid differentiation, virus-transduced cells were transferred to IMDM medium (Gibco) supplemented with 5% FBS, 20 ng/ml SCF, 100 ng/ml Flt-3L, 20 ng/ml IL-6, 10 ng/ml IL-3 (PeproTech), and 10 ng/ml GM-CSF, anti-biotic-anti-mycotic (GIBCO) in the presence of 2 g/ml puromycin. 7 days later, differentiation was determined by FACS analysis of the expression of Mac1 and Gr1. 

Plasmids and retroviral constructs

     The pCDNA6-mSox4-V5 construct was kindly provided by Archibald Perkins. This V5 tagged murine Sox4 coding region was cloned into the multiple cloning sites of MSCV-puro or MSCV-GFP retroviral vectors to generate retroviruses overexpressing mSox4 (Clontech, Palo Alto, CA). Constructs overexpressing murine C/EBP (pCDNA3-mC/EBP-His5), human CEBPΑ (pCDNA3-huC/EBPΑ) and its mutants identified from human patients (#22N, #22C, #10 and #128) were described previously 


(Pabst et al., 2001) ADDIN EN.CITE . Constructs overexpressing rat C/EBP and its mutants (BRM1, BRM2, BRM3 and BRM5) were kindly provided by Claus Nerlov 


(Porse et al., 2001) ADDIN EN.CITE . The coding regions of CEBPΑ were further cloned into the multiple cloning site of MSCV-GFP retroviral vectors to generate retroviruses overexpressing wild-type or mutated human CEBPΑ and rat C/EBP (Clontech, Palo Alto, CA). A luciferase reporter carrying 6 consensus C/EBP binding sites (pLuc-6XC/EBP) was described previously 


(Pabst et al., 2001) ADDIN EN.CITE . A luciferase reporter carrying 3 consensus E2F binding sites and vectors expressing various E2F family members were kindly provided by Joseph R. Nevins 


(Black et al., 2005) ADDIN EN.CITE , respectively. Short hairpin sequences carrying scrambled shRNA or shRNAs targeting murine Sox4 or human SOX4 were designed by using the Invitrogen online shRNA design tool and purchased from Invitrogen, cloned into the retroviral vector RSG-SIN (murine) (Niebuhr et al., 2009) or lentiviral vector pGhU6 (human) 


(Radomska et al., 2012) ADDIN EN.CITE  and verified by DNA sequencing. The shRNA sequences are given. Lentiviral constructs carrying shRNA targeting murine Sox4 were purchased from Sigma (Cat# TRCN0000012078, TRCN0000012080, TRCN0000012081, TRCN0000012082).  

shRNA sequences

	Oligonucleotide
	Vector
	Species
	Sequence

	Scrambled F
	RSG-SIN
	
	5’-gatcccctcgcttgggcgagagtaagtcaagagcttactctcgcccaagcgatttttggaa-3’

	Scrambled R
	RSG-SIN
	
	5’-tcgattccaaaaatcgcttgggcgagagtaagctcttgacttactctcgcccaagcgaggg-3’

	Sox4 672 F
	RSG-SIN
	Mouse
	5’-gatccccagaccaacaacgcggagaatcaagagttctccgcgttgttggtcttttttggaa-3’

	Sox4 672 R
	RSG-SIN
	Mouse
	5’-tcgattccaaaaaagaccaacaacgcggagaactcttgattctccgcgttgttggtctggg-3’

	Sox4 928 F
	RSG-SIN
	Mouse
	5’-gatccccctccaagcggctaggcaaatcaagagtttgcctagccgcttggagtttttggaa-3’

	Sox4 928 R
	RSG-SIN
	Mouse
	5’-tcgattccaaaaactccaagcggctaggcaaactcttgatttgcctagccgc ttggagggg-3’

	Sox4 1419 F
	RSG-SIN
	Mouse
	5’-gatccccccaaacaccctgccgacaatcaagagttgtcggcagggtgtttggtttttggaa-3’

	Sox4 1419 R
	RSG-SIN
	Mouse
	5’-tcgattccaaaaaccaaacaccctgccgacaactcttgattgtcggcagggtgtttggggg-3’

	SOX4 1648 F
	pGhU6
	Human
	5’-aaccccgcaagcacctggcggagaatcaagagttctccgccaggtgcttgctttttggaa-3’

	SOX4 1648 R
	pGhU6
	Human
	5’-tcgattccaaaaagcaagcacctggcggagaactcttgattctccgccaggtgcttgcggggtt-3’

	SOX4 1102 F
	pGhU6
	Human
	5’-aaccccgcgacaagatccctttcattcaagagatgaaagggatcttgtcgctttttggaa-3’

	SOX4 1102 R
	pGhU6
	Human
	5’-tcgattccaaaaagcgacaagatccctttcatctcttgaatgaaagggatcttgtcgcggggtt-3’

	SOX4 1097 F
	pGhU6
	Human
	5’-aaccccagacagcgacaagatcccttcaagag
agggatcttgtcgctgtct
tttttggaa-3’

	SOX4 1097 R
	pGhU6
	Human
	5’-tcgattccaaaaaagacagcgacaagatccctctcttgaagggatcttgtcgctgtctggggtt-3’

	SOX4 1081 F
	pGhU6
	Human
	5’-aaccccgctggaagctgctcaaagatcaagagtctttgagcagcttccagctttttggaa-3’

	SOX4 1081 R
	pGhU6
	Human
	5’-tcgattccaaaaagctggaagctgctcaaagactcttgatctttgagcagcttccagcggggtt-3’

	SOX4 1079 F
	pGhU6
	Human
	5’-aaccccacgctggaagctgctcaaatcaagagtttgagcagcttccagcgt
tttttggaa-3’

	SOX4 1079 R
	pGhU6
	Human
	5’-tcgattccaaaaaacgctggaagctgctcaaactcttgatttgagcagcttccagcgtggggtt-3’

	SOX4 1060 F
	pGhU6
	Human
	5’-aacccctctccaagcggctgggcaatcaagag
ttgcccagccgcttggagatttttggaa-3’

	SOX4 1060 R
	pGhU6
	Human
	5’-tcgattccaaaaatctccaagcggctgggcaactcttgattgcccagccgcttggagaggggtt-3’

	SOX4 808 F
	pGhU6
	Human
	5’-aaccccccaacaatgccgagaacactcaagaggtgttctcggcattgttggtttttggaa-3’

	SOX4 808 R
	pGhU6
	Human
	5’-tcgattccaaaaaccaacaatgccgagaacacctcttgagtgttctcggcattgttggggggtt-3’


Morphological examination

Approximately 104 cells in 100 l PBS were spun onto glass slides (Fisher) and cell morphology was assessed by Wright-Giemsa staining with DiffQuick solutions (Dade Behring). Photomicrographs were taken using a Zeiss Axiophot microscope (Carl Zeiss), a Kontron Electronik Progress 3012 camera (Kontron), and a 63×/1.40 NA oil objective. 

Luciferase assays

The ~1.4 kb murine Sox4 promoter, extending from bp-500 to +889 relative to the major Sox4 transcription start site 


(Gubbay et al., 1990) ADDIN EN.CITE  was amplified by PCR of C57/BL6 mouse genomic DNA and cloned into the pGL4 luciferase reporter vector (pGL4-mSox4 promoter-luciferase). Potential C/EBP binding sites in the Sox4 promoter was determined by MatBase software from Genomatix(. Various deletion mutants of pGL4-mSox4 promoter-luciferase and a reporter construct with a disrupted C/EBP binding site at -104 to -100 bp (relative to the transcription start site) in the murine Sox4 promoter (Kilberg et al., 2009) were generated by site-directed mutagenesis according to the manufacturer's instructions (QuikChange®; Stratagene) and confirmed by DNA sequencing. HEK293 cells were co-transfected with luciferase reporter constructs, expression constructs, and a Renilla luciferase construct (Behre et al., 1999) for standardization. Luciferase assays were performed using the Dual Luciferase Reporter Assay System (Promega), measured with a luminometer (Berthold, LB9501) and normalized to Renilla activity.

PCR primers for full-length and truncated mSox4 promoter

	Oligonucleotide
	Sequence

	mSox4 promoter (-500~+889bp) F
	5’-tata tctaga tctgcgaccacaccataaag-3’

	mSox4 promoter (-500~+889bp) R
	5’-cat ggatcc tcctgggctgaaaagaacta-3’

	mSox4 promoter (-287bp) F
	5’-cat ctcgag tcctgggctgaaaagaacta-3’

	mSox4 promoter (-183bp) F
	5’-cat ctcgag cattgcacgcggagattatt-3’

	mSox4 promoter (-83bp) F
	5’-cat ctcgag tagttacagcggctgattgg-3’

	mSox4 promoter (-500bp) F
	5’-cat ctcgag tcctgggctgaaaagaacta-3’

	mSox4 promoter (+889bp) R
	5’-gatg agatct tctgcgaccacaccataaag-3’

	mSox4 promoter (+81bp) R
	5’-gatgagatctgaaacagcgtgcaagaactg-3’


PCR primers for site-directed mutagenesis of mSox4 promoter

	Oligonucleotide
	Sequence

	SDM_mSox4 promoter (-168~-159bp) F1
	5'-gagcttctcattgcacgcggagattattagactatcgggttccaagcc-3'

	SDM_mSox4 promoter (-168~-159bp) R1
	5'-ggcttggaacccgatagtctaataatctccgcgtgcaatgagaagctc-3'

	SDM_mSox4 promoter (-168~-159bp) F2
	5'-atttggagcttctcattgcacgcggagagaagaagactatcgggttccaag-3'

	SDM_mSox4 promoter (-168~-159bp) R2
	5'-cttggaacccgatagtcttcttctctccgcgtgcaatgagaagctccaaat-3'


Electrophoretic mobility shift assays (EMSA) 


Nuclear extracts from HEK-293T cells overexpressing human CEBPΑ (pCDNA3-huCEBPΑ-Flag) or RAW264.7 cells were prepared using a Nuclear Extract Kit (Active Motif, Cat# 40010) according to the manufacturer's instruction. EMSA was performed as described 


(Ebralidze et al., 2008) ADDIN EN.CITE . Briefly, DNA oligonucleotides were end-labeled with -32P] ATP (Perkin Elmer) and T4 polynucleotide kinase (New England Biolabs). Reactions were incubated at 37°C for 1 hr and then passed through G-25 spin columns (GE Healthcare) according to the manufacturer’s instruction to remove unincorporated radioactivity. Labeled samples were gel-purified on 10% polyacrylamide gels. Binding reactions were carried out using NUSHIFT kit (Active Motif, Cat# 2005350) according to the manufacturer's instruction. Anti-C/EBPa antibody [EP709Y] (Abcam Cat# ab40764) and monoclonal anti-FLAG® M2 antibody (Sigma-Aldrich Cat# F3165) were used for supershift assays. All reactions were assembled on ice and incubated at room temperature. Samples were separated on 6% native polyacrylamide gels (0.5xTBE; 4°C; 3 hr at 140 V). Gels were dried and exposed to X-ray film screens. 

Sequence of the probes for EMSA assay

	Oligonucleotide
	Sequence

	EMSA_mSox4 promoter (-174~-150) F
	5'-gcggagattattATTGCATCGggtt-3'

	EMSA_mSox4 promoter (-174~-150) R
	5'-aaccCGATGCAATaataatctccgc-3'

	Consensus C/EBP binding element F
	5'-ctagggcttgcgCAATctatattcg-3'

	Consensus C/EBP binding element R
	5'-cgaatatagATTGcgcaagccctag-3'


Mouse strains 

Cebpa conditional knockout mice, Sox4 loxP/+ heterozygous mice, and C/EBP K/L mice have been described previously 


(Bereshchenko et al., 2009; Penzo-Mendez et al., 2007; Zhang et al., 2004) ADDIN EN.CITE . Mice harboring a Sox4 allele with the entire coding region flanked by loxP sites were bred to homozygosity. Sox4 conditional knockout mice were generated by intercross of Sox4loxP/loxP mice with interferon-responsive Mx1-Cre mice (Kuhn et al., 1995) to conditionally delete Sox4 coding region in hematopoietic cells by polyinosinic-polycytidylic acid (polyI:C) administration. Sox4/Cebpa conditional double knockout mice were generated by intercross of the CebpaloxP/loxP mice carrying the Mx1-Cre transgene (Cebpa conditional knockout CebpaloxP/loxP x Mx1-Cre) with Sox4loxP/loxP homozygous mice.

Experiments were performed on 2~4 months old mice. Cre-mediated recombination of the loxP cassettes was induced by four intraperitoneal injections of 20 g poly I:C (Sigma)/g mouse weight per injection at 2 days intervals (every second day for four doses). Littermates lacking the Cre gene were treated in the same way and used as controls. The excision efficiency was monitored by PCR analysis of marrow or peripheral blood cells. Mice were maintained on standard chow under specific pathogen free conditions for all experiments. All animal experiments were approved by the Beth Israel Deaconess Medical Center Institutional Animal Care and Use Committee (Protocol # 201-2011). 

Primers for excision

	Oligonucleotide
	Purpose
	Sequence

	Excised Cebpa F
	Excision
	5’-gcctggtaagcctagcaatcct-3’

	Excised Cebpa R
	Excision
	5’-tggaaacttgggttgggtgt-3’

	Sox4 FP1
	Excision
	5’-tagagacgatgtcgctttcctgag-3’

	Sox4 RP
	Excision
	5’-catagctcaacacaaatgccaacgc-3’


Genotyping

For genotyping, genomic DNA was isolated from tail biopsies or FACS-sorted cells and subjected to PCR using primers listed. Mice carrying Cre transgenes gave rise to a 300 bp product. Non-recombined loxP-flanked Cebpa and. PCR was carried out following standard protocols. PCR products were visualized with ethidium bromide following standard DNA electrophoresis in agarose gels. 
 non-recombined loxP-flanked Sox4 alleles gave rise to a 269 bp band
Primers for genotyping

	Oligonucleotide
	Purpose
	Sequence

	Mx.1-Cre F
	Genotyping
	5’-atgttcaatttactgaccg-3’

	Mx.1-Cre R
	Genotyping
	5’-cgccgcataaccagtgaaac-3’

	Floxed Cebpa F
	Genotyping
	5’-tggcctggagacgcaatga-3’

	Floxed Cebpa R
	Genotyping
	5’-cgcagagattgtgcgtcttt-3’

	Floxed Sox4 F
	Genotyping
	5’-gaaggaggcggagagtagacgg-3’

	Floxed Sox4 R
	Genotyping
	5’-catagctcaacacaaatgccaacgc-3’


Western Blotting 

HEK293 cells were transfected with constructs using Lipofectamine 2000 (Gibco) and 48 hr later, whole cell lysates were prepared in modified RIPA buffer as described 


(Radomska et al., 2012) ADDIN EN.CITE . Equal amounts (50 g) of cell lysates were separated on 10% SDS-PAGE gels, transferred to nitrocellulose membranes by electroblotting, and Western analysis performed as described previously 


(Radomska et al., 2012) ADDIN EN.CITE . C/EBP proteins were detected with either rabbit anti-rat C/EBP polyclonal serum (1:1000; Santa Cruz) raised against aa257~270 of the rat C/EBP protein, or with rabbit polyclonal antiserum (1:2000; provided by C. Nerlov) raised against the first 14aa of C/EBP. V5 or Flag tagged Sox4 protein was detected with rabbit anti-V5 antibody (46-07-05; Invitrogen) or mouse anti-Flag monoclonal antibody (M2, Sigma). The loading control SP1 was detected by a monoclonal anti-mouse SP1 antibody (Boehringer). Immunoreactive proteins were further detected using HRP-conjugated antibodies to mouse or rabbit (Santa Cruz) and the ECL system (Amersham).

Chromatin Immunoprecipitation Sequencing (ChIP-seq)

Primary macrophages sorted from mouse bone marrow were cultured in macrophage differentiation medium as described previously 


(Hoogenkamp et al., 2007) ADDIN EN.CITE . ChIP was performed using C/EBP antibody (sc-61x) from Santa-Cruz Biotechnology 


(Hoogenkamp et al., 2007) ADDIN EN.CITE . ChIP-Seq libraries were prepared using an Illumina sample preparation kit (catalog# PE-102-1001) according to the manufacture’s instructions. Briefly, DNA fragments following ChIP were blunt-ended, phosphorylated, and ligated to library adapters. PCR was performed and then the samples size selected by gel electrophoresis, validated by qPCR, and sent for sequencing. DNA libraries were analyzed on an Illumina Genome Analyzer.

Chromatin immunoprecipitation

ChIP assays were performed as described previously 


(Levantini et al., 2011) ADDIN EN.CITE , with minor modifications. Chromatin from FACS-sorted hematopoietic stem/progenitor cells (Lin-c-kit+) or mature myeloid cells (Mac1+Gr1+) (106 for each antibody) was subjected to crosslinking using the protocol from Millipore (Milton Keynes, UK), with minor modifications. Briefly, cells were incubated in 1% formaldehyde (Sigma-Aldrich) for 10 min at room temperature and crosslinking was stopped by addition of glycine (0.125 M) for another 5 min. Cells were lysed in SDS lysis buffer (Millipore) and crosslinked chromatin was sonicated for 150 s at 30% amplitude (Branson Digital Sonifer, Danbury, CT). Prior to immunoprecipitation, an aliquot of the cells were removed for analysis of input chromatin DNA. Immunoprecipitation was performed with 10 g of rabbit polyclonal antibodies against C/EBP (sc-61x, Santa Cruz) or 10 g of normal rabbit IgG control (12-370, Millipore) and 60ul of protein A/G agarose slurry (Repligen) at 4C overnight. Precipitates were washed once with low-salt buffer, once with high-salt buffer, followed by one wash with LiCl buffer. After the final wash in 10 mM Tris/HCl [pH 8.0], 0.5 mM EDTA, the precipitates were eluted and cross-links were reversed by incubation overnight in 50 mM Tris/HCl (pH 8.0), 10 mM EDTA, 1% SDS supplemented with 66 g/ml RNase A (for input samples only) and 0.5 g of proteinase K. Precipitated DNA was recovered by phenol–chloroform extraction followed by ethanol precipitation and resuspended in 40 l distilled water. Specific regions were quantified/amplified by qPCR with SYBR Master Mix (Bio-Rad). Primers sequences used to amplify precipitated material were listed. 

Sequence of the primer sets for ChIP assay

	Oligonucleotide
	Sequence

	ChIP_NC F
	5’-agggaggctgaggaggtgtg-3’

	ChIP_NC R
	5’-ggtggtgagagggagggaaa-3’

	ChIP_mSox4-1F
	5’-gggaaagaggcagcagaaat-3’

	ChIP_mSox4-1R
	5’-tcgcgcttctttatcctttc-3’

	ChIP_mSox4-2F
	5’-ttggaatgaggtcagatttgg-3’

	ChIP_mSox4-2R
	5’-agcgtgcaagaactggaaac-3’


Bone Marrow Transplantation

Mice from 8 to 12 weeks of age were used as transplant recipients and donors. All the donor mice were CD45.2+ whereas the recipients were CD45.1+ congenic B6.SJL-Ptprca mice. Recipients were either lethally irradiated with 900rads or sublethally irradiated with 650rads of γ irradiation from a 137Cs source. 


For transplantation of purified stem cells, LSK cells were harvested from 8- to 12-week-old conditional knockout mice 21 days after polyI:C administration and a total of 1 × 104 HSCs were transplanted into lethally irradiated recipient mice by retro-orbital injection along with 2 × 105 supporting bone marrow cells from unirradiated B6.SJL-Ptprca mice.

For transplantation of transduced cells, LSK cells were sorted from 8- to 12-week-old C57BL/6 mice (CD45.2+) or from conditional knockout mice (CD45.2+) 21 days after polyI:C administration and transduced with retroviruses twice. Transduced cells (2 × 105 per recipient) were resuspended in phosphate-buffered saline (PBS) buffer and inoculated into lethally irradiated recipient mice by retro-orbital injection along with 2 × 105 supporting bone marrow cells from unirradiated B6.SJL-Ptprca mice.

For transplantation of sorted cells from leukemic mice, fraction I, II, or III were sorted from leukemic K/L or Sox4 mice and 2 × 103 cells of each fraction were transplanted into sublethally irradiated recipients. 


Stable donor reconstitution of recipient hematopoiesis was confirmed beginning at one month post transplant. Mice were monitored by peripheral blood analysis every 4 weeks between 2~6 months post-transplantation and were considered moribund when they were severely anemic; this in all cases correlated with the presence of disseminated disease.

Human AML patient samples were transduced with lentiviruses for 6 hours and immediately transplanted into sublethally irradiated (150 rads) NSG (NOD.Cg-Prkdcscid IL2rgtm1Wjl/szJ) mice (purchased from The Jackson laboratory). Donor reconstitution of recipient hematopoiesis was analyzed 5 weeks post-transplantation.

Microarray Analysis

Total RNA from sorted CD45.1−CD45.2+Lin*–Sca1-Mac1lo/+c-kit+ cells from K/L and Sox4 leukemic mice and Lin*–Sca1-Mac1lo/+c-kit+ from wild-type mice was purified using a Qiagen RNeasy Plus Micro kit. cDNA was amplified by using Nugen Ovation® Pico WTA System and purified with a Qiagen QIAquick PCR purification kit. The cDNA library was labeled and hybridized to Affymetrix Mouse430 2.0 chips. RMA was run for all Cel files generated from our lab (GSE45430) or downloaded from public databases (GSE3725 & GSE24797). Then, integration of the two platforms (Affy Mouse430 2.0 for our data and Affy Mouse430A/Mouse430A2.0 for GSE3725 & GSE24797) was performed based on the common Affy probe IDs. Microarray data are available under the GEO accession number GSE45430. Integrated data were then normalized using the Cross-Correlation method (Chua et al., 2006) and the normalized data were further log2 transformed. GMP or wild-type samples were used as bridging samples for comparisons cross various cell types; and subtraction of the mean of the means was carried out for each gene for each sample set according to the method previously described 


(Lim et al., 2008) ADDIN EN.CITE . Hierarchical clustering was finally executed and the clustering tree was then generated. Significance study of overlapping of different gene signatures was carried out based on Fisher’s exact tests. Human AML data of CEBPA bi-allelic mutations or CEBPA silencing along with CEBPA normal AML samples were taken from GSE14468 and normalized using the same protocol described above. Gene Set Enrichment Analysis (GSEA) was then performed to test the enrichment of the murine self-renewal-associated LICs signature in CEBPA mutated or CEBPA silenced human AML samples compared to a group of CEBPA normal human AML patients.
Statistical Analysis

Survival analysis was performed using the Kaplan-Meier method. Differences between survival distributions were analyzed using the log-rank test. All other statistical analyses were performed using the unpaired Student’s t test. A p value of less than 0.05 was considered significant. Statistical computations were performed using GraphPad Prism version 5.0c (GraphPad Software).
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