Supplementary Information

A. Supplementary Methods

Quantitative PCR analysis

RNA was extracted from BM cells using the RNeasy® Mini kit (Qiagen) according to the manufacturer’s instructions. Expression of the MLL-ENL fusion, Mll1 and Gapdh mRNA was quantified by quantitative real-time PCR in triplicates using Taqman (on an ABI prism 7700 sequence detection system; Applied Biosystems, Foster City, CA). Expression levels were normalized to Gapdh and presented as ΔΔCt values normalized to wt BM cells. A Taqman probe covering the MLL-ENL fusion breakpoint was used: AGTGGGCATGTAGAGTGCACCGTCCAGGTGAGGTTAGAGC, in combination with the forward (GTCCACAGGATCAGAGTGGACTTT) and reverse primers (CGAAGTGCTGGATGTCACATTGCTC). For the murine Mll1 following forward (GGCATTTGCACTAATTGCCTGGAC) and reverse primers (TCTTCCACAGGTTTGCGGGGTG) and Taqman probe CCCTTGGAGCCTGCTCAGAAGGCTGCCCCGCCACCGCGG were used respectively. For normalization, a Taqman probe for murine Gapdh was used (Mm99999915_g1, (Cat. 4331182, Life Technologies). For MLL-ENL in patient samples the following primers covering the human MLL exon 9 and ENL exon 2 were used respectively: CCCAAGTATCCCTGTAAAACAAAAA and CCATCCAGTCGTGAGTGAACC. For MLL1 and GAPDH the following forward and reverse primers were used (MLL1: GCACTCTCTCCAATGGCAATA and TACCTGCAGAAGCAAGCTA, GAPDH: GTGGTCTCCCTGACTTTCAACAGC and ATGAGGTCC ACCACCTGCTTGCTG. Additional primers for all validated iMLL-ENL targets are available upon request. 

IgH-DJ rearrangement PCR

The analysis was performed as previously described 1. In brief, genomic DNA was isolated from FACS-enriched B220+ and/or B220+ Cd19+ freshly isolated BM cells using the Qiagen Puregene Core kit A. 50ng of gDNA was used per 25μl PCR reaction using the following primers: DFS: 5’-ACGTCGACTTTT GTSAAGGGATCTACTACTGT-3’; DQ52: 5’-ACGTCGACGCGGASSACCACA GTGCAACTG-3’; JH4A: 5’-GGGTCTAGACTCTCAGCCGGCTCCCTCAGGG-3’. PCR reaction was carried out by using the GoTaq G2 Hot Start Polymerase (Promega/M7405) under the following cycling conditions: 94°C 1min, 60°C 1min, 72°C 2 min 15 sec for 35 cycles. PCR products were separated on a 2% agarose gel containing ethidium bromide. DNA from a tumor from Eμ-Myc transgenic mice and ear biopsies from iMLL-ENL mice were used as positive and negative controls respectively. 

Reference genome and annotations

The Mus Musculus assembly GRCm38/mm10 was used as a reference genome. Transcript annotations were based on the UCSC known Gene database and were obtained from the Bioconductor package TxDb.Mmusculus. UCSC.mm10.knownGene (version 3.2.2). 

RNA Sequencing data alignment and processing, and differential expression analysis

The first base of each reads was trimmed prior to analysis using the 'preprocessReads' function of the R/Bioconductor package QuasR (version 1.12.0) 3. Reads were mapped using the QuasR::qAlign function with default parameters, and with internal usage of Bowtie for alignments 4. The QuasR::qCount function was used for calculation of gene expression levels. Only expressed genes, defined as genes with expression levels greater than 1 CPM (count per million mapped reads) in at least two samples, were considered. Principal component analysis was performed on log2 expression data using the 'prcomp' function of the stats R package (version 3.3.0) with default settings. Differential expression analysis was performed using the edgeR package (version 3.14.0) by fitting a negative binomial generalized linear model to the read counts for each gene 5. Cell type and mouse origin were taken into consideration in the model. Gene sets of differentially expressed genes were determined using the following cutoffs: iMLL-ENL/wt LSK, FDR < 0.001 and absolute log2 fold-change > 2; iMLL-ENL B220+/B220-, FDR < 0.01 and absolute log2 fold-change > 1.

We performed a series of bioinformatics analysis to evaluate the quality of RNA sequence dataset generated in this study. Alignment statistics for all mouse samples used in defining gene signatures (wt LSK vs. iMLL-ENL and iMLL-ENL B220+ vs B220-) showed that most reads could be mapped to the genome (between 57% and 79% of all reads) (Figure S4a). Pairwise correlation and hierarchical clustering indicated that the control and iMLL-ENL leukemic mouse samples used in both signatures segregated efficiently (Figure S4b). PCA analysis confirmed the clear separation of the iMLL-ENL leukemic samples (n=3, blue) from the control wt LSK samples (n= 3, orange) (Figure S4c). PCA analysis for the iMLL-ENL samples corresponding to the B220+ (green, n=3) and the B220- (purple, n=3) groups showed that these replicates were separated less efficiently by condition (Figure S4c and d). We attributed this confounding effect to the mouse origin and we corrected for this in the model of differential expression.

GO-term enrichment analysis

GO-term enrichment analysis was performed in R with the GOstats package (version 2.38.0), using a conditional hypergeometric test that uses the relationships among GO terms to decorrelate the results 6. Enrichments of genes upregulated in iMLL-ENL B220+ compared to B220- (log2 fold-change > 1, FDR < 0.01) were tested over all expressed genes. 

Gene set enrichment analysis

Gene set enrichment analysis (GSEA http://software.broadinstitute. org/gsea/index.jsp) was performed on the wt LSK versus iMLL-ENL, or iMLL-ENL B220- versus iMLL-ENL B220+ contrasts 7, 8. GSEAPreranked was ran using the java command line with the following as input data: 1) a complete table of genes ranked according to their p-value for differential expression, (2) an annotation file for mapping gene identifiers to gene names, and (3) a catalog of defined functional gene sets. The defined gene sets tested were obtained from the C2 (for the iMLL-ENL/ wt LSK contrast), and the C6 and H collections (for the iMLL-ENL B220+/B220- contrast) of the MSigDB Molecular Signatures database (version 5.1, 13 Jan 2016) 8. Mouse orthologues of the human genes from the MSigDB gene sets were extracted using the homology file obtained from the NCBI HomoloGene database (ftp://ftp.ncbi.nlm.nih.gov/pub/HomoloGene/build68/homologene.data). Default parameters were used. Inclusion gene set size was set between 15 and 500, and number of randomization to 1000. 

Microarray analysis of human patient samples

Microarray gene expression datasets from human patients were obtained from GSE19475 9. Raw files were read in using the 'ReadAffy' function of the affy package (version 1.50.0) 10. Normalized expression values were computed using the Robust Multichip Average (RMA) method with the affy::rma function 11. For each gene, the probeset with the highest interquartile range was selected for further analysis, using the 'findLargest' function of the genefilter package (version 1.54.0). 

Hierarchical clustering of human patients using mouse gene sets

Hierarchical clustering of human patients was performed based on correlation coefficients between pairs of human patients. Pearson correlation coefficients between patients were calculated using human genes that are orthologous to mouse genes that are part of the following three gene sets: (1) genes differentially expressed between iMLL-ENL versus wt LSK (absolute log2FC > 2, FDR < 0.001) or between iMLL-ENL B220+ versus B220- (absolute log2FC > 1, FDR < 0.01), (2) a control gene set with similar expression distribution as the differentially expressed genes and of the same length, (3) all expressed genes detected in the study. To create the control gene set, the differentially expressed genes were set as foreground and the rest of the expressed genes as background. Foreground genes were split into 50 categories of increasing expression levels (log2 CPM values), and containing similar number of genes. Background genes were then allocated to these categories according to their expression levels. A subset of background genes was randomly chosen for each category, to match the number of foreground gene per category. Human orthologues of mouse gene sets were obtained via the homology file from the NCBI HomoloGene database (ftp://ftp.ncbi.nlm.nih.gov/pub/HomoloGene/build68/homologene.data). 
Data visualization

Heatmaps were generated in R using the NMF package (version 0.20.6) 12. GSEA enrichment plots correspond to the direct output of the GSEA tool. Density plots were generated by plotting the kernel density estimates of log2 CPM values.

Western blot analysis 

Total cell extracts were isolated from freshly cultured 1x106 cells using 60μl of Laemmli sample buffer containing 20% SDS. Following 5 min boiling at 100° C, samples were centrifuged at 4°C for 10 min. 45μl of protein lysate was loaded on 7% homemade Bis-Tris gels (Sigma cat. No. B7535, pH 6.8) and run at 130V for 180 min in MOPS buffer plus 5mM Sodium Bisulfite. Proteins were electrophoretically transferred to nitrocellulose membrane (Porablot NCL ca. No. 741291) using CAPS buffer (Sigma ca. No. C6070, pH11) for 3 hours at 400mA. Membranes were blocked with 10% nonfat dried milk (AppliChem cat. No. 271-045-3) and probed with 1:1000 primary antibody (MLLN/HRX clone N4.4, Millipore cat. No. 05-765) over night at 4°C. Western blot bands intensity were measured and analyzed using Image J.
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C. Supplementary Tables

Table S1 (relates to Figure 2) 
Gene list corresponding to the differential expression analysis of iMLL-ENL leukemic samples compared with the wt LSK control (provided as an excel file).

Table S2 (relates to Figure 4) 
Gene list corresponding to the differential expression analysis of iMLL-ENL B220+ compared with the B220- leukemic samples (provided as an excel file).
D. Supplementary Figure Legends 
Figure S1 

Ex vivo transformation of BM cells depends on continuous iMLL-ENL expression.

(a) Wright-Giemsa stained cytospots of cells from MC cultures showing differentiation mainly towards monocytes and macrophages upon DOX release 
(b) Expression of FcRII/III, Cd34, Mac-1 and B220 on iMLL-ENL BM cells in growth factor-containing MC with or without DOX. 

(c) Flow cytometry analysis comparing the expression of B220 with Mac-1 and Gr-1 in BM-derived cells of a diseased iMLL-ENL mouse.

(d) Quantification of expression of B220 and Mac-1 in cells of different size. Bars represent the mean of marker expression on cells from 3 diseased iMLL-ENL mice. 

Figure S2

The murine iMLL-ENL/wt LSK transcriptomic signature segregates ALL patients from germline MLL patients. 
Heatmaps for genes significantly differentially expressed in the iMLL-ENL/wt LSK contrast ('iMLL-ENL/ wt LSK gene set', right panel), or for a control set of genes with the same expression distribution as the genes from the iMLL-ENL signature ('control gene set', middle panel) and for all expressed genes ('all genes', right panel). (a) Pairwise correlation heatmap with hierarchical clustering of human patients: t(4;11) (orange) and germline MLL (gray) patients and (b) t(9;11)+ (pink) and germline MLL patients (gray).  

Figure S3
Characterization of secondary leukemia derived from B220+ vs. B220- iMLL-ENL leukemic cells 

(a) Expression of iMLL-ENL mRNA of B220+ and B220- cells cultured ex vivo in MC with growth factors in the presence or absence of DOX. Relative mRNA expression levels were normalized to Gapdh expression and are expressed as 2- ΔCt. Results the mean values ± s.d. of duplicates.
(b) Expression of B220 and Cd19 on BM tumor cells of diseased mice transplanted with B220+ (n=2) and B220- (n=2) BM-derived cells from symptomatic primary induced iMLL-ENL mice.

(c) Volcano plot showing genes differentially expressed in between B220+ and B220- iMLL-ENL leukemic cells. Differentially expressed genes with significantly lower expression are plotted in blue (n=22) and those with higher expression in red (n=313). Cutoffs used for differential expression: FDR < 0.01, absolute log fold-change > 1 (same also in panels c).
(d) Barplot showing the most significant GO-terms associated with upregulated genes in iMLL-ENL B220+ samples, compared to iMLL-ENL B220- samples. For each GO-term, the number of genes from the cluster under study and the total number of genes in the term are indicated.
(e) GSEA results for gene sets of the C6 and H MSigDB databases enriched in the B220+/B220- iMLL-ENL leukemic signature: genes upregulated in cancers harboring K-RAS mutations (NES: 1.6983477; Nominal p-value: 0.0; FDR q-value: 0.0013542556; FWER p-Value: 0.017), activation of the STK33 kinase (NES: 1.7016755; Nominal p-value: 0.0; FDR q-value: 0.0014113449; FWER p-Value: 0.015), and pathways involving KRAS (NES: 1.7024294; Nominal p-value: 0.0; FDR q-value: 5.0417E-4; FWER p-Value: 0.004) and p53 signaling (NES: 1.5097435; Nominal p-value: 0.0; FDR q-value: 0.010467325; FWER p-Value: 0.17).
(f-g) Pairwise correlation heatmaps with hierarchical clustering of human patients: t(4;11) (in orange) and germline MLL patients (in gray) (f) and t(9;11) (in pink) and germline MLL patients (in grey) (g). Correlations and clustering were computed with two different gene sets described in the legend of Figure 5c. 
Figure S4 
Quality control of the RNA-seq dataset in control and iMLL-ENL mouse samples 
(a) Alignment statistics for all mouse samples analyzed in this RNA-seq study. The ratio of reads mapping to the genome, and the total library sizes are indicated. 
(b) Pairwise correlation and hierarchical clustering of the samples used in this study. Pearson’s correlation coefficients are indicated for wt LSK (orange, n=3) and iMLL-ENL (blue, n=3) mouse samples and iMLL-ENL B220+ (green, n=3) and B220- (purple, n=3) samples. 
(c-d) PCA of all mouse samples used in this study (c) or of the iMLL-ENL samples sorted according to B220 expression surface marker (d).
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