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Supplementary Materials and Methods 

Generation of conditional MplW514L Knock-in Mice 

To create a mouse MPL conditional knock-in model in C57BL/6J mice, 

CRISPR/Cas-mediated genome engineering was used. In brief, gRNAs 

targeting the mouse MPL gene (gRNA1: 5’-

CAATTAGTGCAAGGCACCGAGGG-3’ and gRNA2: 5’-

TGCGTTTGGAGACGCTCGCCAGG-3’) were co-injected with a donor vector 

containing the “loxP-endogenous SA of intron 8-CDS of exon 9-12-3’UTR-

3*SV40 pA-loxP” cassette and Cas9 mRNA into fertilized mouse eggs to 

generate targeted conditional knock-in offspring. Conditional knock-in offspring 

were identified by PCR, followed by sequence analysis. Standard techniques 

were used to create chimeric mice. Floxed MplW514L  littermate mice (FL/FL) 

were genotyped by PCR using primers MplW514L-FL (F: 5’-

CTGCTAAAGTGGCAATTTCCTGC-3’ and R: 5’-

CAATGTATCTTATCATGTCTGGATCCCC-3’). Excision after Vav-Cre 

recombination was confirmed by PCR with primers to detect a portion remaining 

post-excision (MplW514L KI-F: 5’-TCACTGTGCTCCCTCGGTGCATA-3’ and 

MplW514L KI-R: 5’-CACGCAGCGTAGACCAGCTTCAG-3’). 

Western blotting analyses 

Cells were lysed in RIPA buffer (Beyotime, P0013B) with protease and 

phosphatase inhibitor mixture (Beyotime, P1045) for 30 min, then centrifuged 

at 12000 rpm, 4 °C. The protein expression levels were determined by staining 

with primary antibodies. The antibodies used in this study were listed in 

Supplemental Table S1. 

mRNA extraction and Quantitative RT-PCR  

Total RNA from CRC cells was extracted using the Trizol reagent (Invitrogen, 

15596026CN) according to the manufacturer’s instructions. RNA quality and 



quantity were determined using a Nano Drop and Agilent 2100 bioanalyzer 

(Thermo). RNA was reversely transcribed into cDNA using RT reagent kit 

(TaKaRa, RR047). A SYBR Green PCR kit (TaKaRa, RR420) was used for 

quantitative real-time PCR and results were quantified with an Applied 

Biosystem System (ABI) with appropriate primers. The human housekeeping 

gene GAPDH was used as the RNA-loading control. Gene expression was 

determined by the delta CT method (2-∆∆Ct). ∆Ct = (Ct target gene – Ct 

housekeeping). The primers used for the PCR were Mpl-forward, 

TCCGAGACTGCTTGGATCAC; Mpl -reverse, GTGTAGGTCTGGAAGCGAGG; 

GAPDH-forward, AGGTCGGTGTGAACGGATTTG; and GAPDH-reverse, 

TGTAGACCATGTAGTTGAGGTCA. 

Frequency of Vav-Cre recombination  

The frequency of Vav-Cre recombination in MplW514L mice were determined 

as previously described(1). Briefly, plasmids encoding MplW514L and Mpl were 

mixed at various ratios and used as templates for PCR amplification with Mpl 

primers, which amplify both Mpl and MplW514L alleles. The PCR products were 

sequenced, and a standard curve was generated by plotting the actual T/G 

mutation ratio (X-axis) against the quantified peak height ratio (Y-axis). For 

experimental samples, cDNA derived from bone marrow cells of Mpl+/+, 

MplW514L/+, and MplW514L/W514L mice was amplified using Mpl primers, and the 

PCR products were directly sequenced. In the sequencing chromatograms, the 

T peak corresponds to the MplW514L mutant allele, while the G peak 

represents the Mpl allele. Peak heights of T and G were quantified using 

PeakFit software. The percentage of each allele was calculated as follows: 

%T = (T peak height) / (T peak height + G peak height) × 100% 

%G = (G peak height) / (T peak height + G peak height) × 100% 

Bone marrow cells in vitro culture 

lineage-negative (Lin-) cells were isolated using a commercial lineage depletion 



kit (BD, 559971) according to the manufacturer’s instructions. For the erythroid 

differentiation, Lin- cells were cultured in Iscove’s Modified Dulbecco’s Medium 

(Gibco) containing 15% fetal bovine serum (FBS, Biological Industries), 1% 

Bovine Serum Albumin (StemCell), 10 ug/ml human Insulin (Sigma-I9278), 200 

μg/ml human holo-transferrin (Sigma-T0665), 10-4 M -mecaptoethanol, and 2 

U/ml human Epo (Amgen). After 24 h of culture, flow cytometric analysis was 

performed based on the surface expression of TER119 and CD71.  

For the megakaryocytic differentiation, Lin- cells were cultured in RPMI Media 

1640 supplemented with 10% FBS and 20 ng/mL thrombopoietin, followed by 

the flow cytometric analysis based on the surface expression of CD41.  

For expansion in liquid culture, the sorted CD201+ HSC and CD201- HSC cells 

(500 cells/100ul in a 96 well plate) were grown in IMDM supplemented with 10% 

FBS, L-glutamine (2 mM), and the following cytokines: SCF (50 ng/mL), TPO 

(100ng/ mL), IL-3 (10 ng/mL) and IL-6 (10 ng/mL). After 7 days of cultivation in 

the incubator, CD41 antibody staining was performed and flow cytometry 

analysis was performed. 

For intracellular staining of phospho-STAT5 (p-STAT5), mouse bone marrow 

CD201+ HSC cells were stimulated with TPO (50 ng/mL) at 37 °C for 10 minutes. 

Following the manufacturer’s protocol, the cells were fixed with 

Fixation/Permeabilization working solution (BD), followed by staining with anti-

phospho-Stat5. 

Blood and tissue analysis 

Peripheral blood cell count in mice was performed using a fully automated 

animal blood cell analyzer (Mindray BC-2800 Vet). Mouse serum 

thrombopoietin (TPO) levels were determined by a mouse TPO ELISA kit 

(Elabscience, E-EL-M0640) according to the manufacturer’s instructions.  

For histopathological analysis, mouse bone and spleen samples were fixed in 



10% neutral-buffered formalin and embedded in paraffin. Tissue sections were 

stained with hematoxylin, eosin, and reticulin stain. Evaluation of disease 

phenotypes (ET-like and MF-like features) was performed as described below. 

Assessment of ET-like phenotype (thrombocytosis) 

To determine the penetrance of the ET-like phenotype, thrombocytosis was 

defined as a platelet count exceeding the mean value for age-matched wild-

type controls at each time point. The number of mice per genotype (N) and the 

proportion of animals exceeding this predefined threshold are summarized in 

Supplemental Table S2. All animals were included in the analysis, with no 

exclusions. 

Assessment of Bone Marrow Fibrosis (MF-like Phenotype) 

The assessment of bone marrow fibrosis-like phenotype was based on the 

following four independent criteria, established in accordance with the World 

Health Organization (WHO) diagnostic framework for bone marrow proliferative 

tumors(2). Animals that met at least two of these criteria were classified as 

exhibiting a phenotype similar to MF. The number, age distribution, and 

proportion of mice meeting these criteria for each genotype were detailed in 

Supplemental Table S3. 

(1) Characteristic Atypical Megakaryocyte Clusters: Defined on H&E-stained 

sections as ≥3 megakaryocytes in direct contact, displaying nuclear hyper-

chromasia, irregular folding, and/or other atypical features. A sample was 

considered positive if such clusters were observed in ≥3 non-overlapping fields 

of view(3).  

(2) Fibrosis Grading: Silver staining was performed, and fibrosis was semi-

quantitatively scored according to the European consensus grading system 

(MF-0 to MF-3)(4).  

(3) Splenomegaly: Spleen weight was measured during dissection. 

Splenomegaly was defined as a spleen weight exceeding the average weight 



of age-matched wild-type control mice.  

(4) Decreased Blood Cells: Based on peripheral blood analysis, anemia was 

defined as a red blood cell count or hematocrit below the mean of wild-type 

controls; leukopenia was defined as a white blood cell count lower than the 

mean of wild-type controls(5). 

Isolation of single cells for Single-cell RNA-seq 

Bone marrow was harvested from the indicated mice. Lineage-negative (Lin⁻) 

cells were isolated using a commercial lineage depletion kit (BD, #559971) 

according to the manufacturer ’ s instructions. Cell debris and dead cells 

(Miltenyi, #130-109-398/130-090-101) were removed to obtain the final sample. 

The scRNA-seq datasets were deposited in the GSA under accession code 

CRA029479. 

Library construction and sequencing of mouse Single-cell RNA-seq 

SeekOne Digital Droplet Single Cell 3' library preparation kit to construct Single 

cell RNA sequencing (scRNA-seq) library: 1) About 12000 single cells were 

mixed with reverse transcription reagents and added to the sample hole of 

SeekOne chip, and then barcode hydrogel beads (BHBs) and partitioning oil 

were added to the corresponding hole of the chip respectively; 2) After milk 

droplet formation, reverse transcription and inactivation were performed; 3) 

cDNA was purified from broken milk drops and amplified by PCR; 4) The 

amplified cDNA product was cleaned, segmented, end-repaired, added a tail 

and connected to the sequencing connector; 5) The DNA of gene 3' polyA was 

amplified by indexed PCR, including cell Barcode and Unique Molecular 

Indentifier (UMI). 6) Amplified cDNA product was then cleaned up using the 

SPRIselect Reagent Kit. Illumina NovaSeq 6000 was used for second-

generation sequencing, and the reading length was PE150. 

scRNA-seq data processing 



The reads of each gene in the scRNA-seq sample of mouse were quantified 

against the mm10 mouse reference genome using the SeekSoulTools (version 

1.2.0). Seurat objects were generated using Seurat 4.4.0, and the quality 

control criteria were that the number of cell gene expression was greater than 

200 and less than 7500, and the proportion of mitochondrial genes was less 

than 20%. After filtering, 19190 cells and 23865 genes were obtained. Next, 

NormalizeData was applied for normalization; FindVariableFeatures was used 

to find high-variable genes, ScaleData was converted to Z-score for PCA 

dimensionality reduction; RunHarmony was used to remove batch effect; 

FindNeighbors and FindClusters function were used for cell cluster analysis; 

RunUMAP was nonlinear dimensionality reduction and visualization.  

To integrate data sets from different batches into a shared space for 

unsupervised clustering, we use the harmony algorithm for batch effect 

correction. The highly expressed genes in each cluster were identified 

according to FindAllMarkers, and the top genes were regarded as marker 

genes. We annotated cell types for all clusters based on known marker genes. 

Pathway enrichment 

The differential gene between the disease group and the control group was 

calculated by Findmarkers with the parameter “min.pct”=0.25 and 

“logfc.threshold”=0.25. Differentially expressed genes were subjected to 

pathway enrichment analysis using the DAVID online tool (Database for 

Annotation, Visualization and Integrated Discovery). Functional annotation was 

performed using Gene Ontology biological processes and KEGG pathways, 

with a cutoff of P<0.05 for significance. 

JAK2 Inhibitor Studies 

Fedratinib hydrochloride hydrate was Purchased from TargetMol (#T9251). For 

in vivo use, stock solutions were diluted in sterile water. 



Supplementary Figures and Figure Legends 

Figure S1 MplW514L knock-in mice exhibited thrombocytosis, related to 

Figure 1. 

(A) Alignment analysis of the human and mouse MPL gene and protein 

sequences with the mutation site. (B) The chromatogram of sequencing PCR 

products of mixed plasmids encoding Mpl and MplW514L with indicated ratio. 

(C) Standard curve generated by the true T (peak identified mutant)/G (peak 

identified WT allele) ratio (X-axis) and the measured peak height ratio (Y-axis) 

established in B. (D) Statistical analysis of thrombopoietin (TPO) levels in the 

serum of the indicated mice. Data were presented as mean ± SD, with each dot 

representing one mouse. P values were determined by one-way ANOVA with 

Dunnett’s multiple comparisons test. (E-F) Monocyte and neutrophil parameters 

in the peripheral blood of indicated mice at 2-12 months of age. Data were 

presented as mean ± SD, with each dot representing one mouse. P values were 

determined by two-way ANOVA with Sidak’s multiple comparisons test. *P < 

0.05, **P < 0.01, ***P < 0.001, NS represent no significant difference. 

Figure S2 MplW514L knock-in mice recapitulated an ET-like MPN and 

progressed myelofibrosis, related to Figure 2. 

(A) Total bone marrow cell counts of the indicated mice at 2 months of age. 

Data were presented as mean ± SD, with each dot representing one mouse. 

(B) Representative flow cytometric analysis and quantification of CD41⁺ cells in 

the bone marrow of the indicated mice at 2 months of age. Data were presented 

as mean ± SD, with each dot representing one mouse. (C) Representative 

hematoxylin and eosin (H&E) staining of bone marrow from the mice in A. 

Arrows indicated the megakaryocytic hyperplasia. Scale bar: 50 μm. (D) 

Representative flow cytometric analysis of CD41+, TER119+, and Mac1+Gr1+ 

cells in the bone marrow of the indicated mice at 10 months of age. (E) 

Representative flow cytometric analysis of Lineage-Sca+cKit+ cell (LSK), CD41+, 



TER119+ and Mac1+Gr1+ cells in the spleen of the indicated mice at 10 months 

of age. All P values were determined by two-way ANOVA with Sidak’s multiple 

comparisons test.  

Figure S3. MplW514L-driven MPN-initiating cells are particularly enriched 

in the HSC-containing LSK population, related to Figure 3. 

(A) Platelet parameters in the peripheral blood of recipient mice transplanted 

with MplW514L or WT bone marrow at 3-24 weeks. P values were determined by 

two-tailed unpaired Student’s t test. (B) Schematic of spleen and spleen weight 

statistics in recipient mice as in A after 6-months of bone marrow transplantation. 

P values were determined by two-tailed unpaired Student’s t test. (C-E) 

Quantification of CD41+ (C), Mac1+Gr1+ and TER119+ (D) cells in the spleen, 

and CD41+ cells in the bone marrow (E) of recipient mice as in A.  P values 

were determined by two-tailed unpaired Student’s t test. (F) Platelet parameters 

after transplantation with total bone marrow cells from 6-month BMT mice in A. 

P values were determined by two-way ANOVA with Sidak’s multiple 

comparisons test. (G) Platelet parameters in secondary recipients receiving 

unfractionated BM cells from LSK-transplanted mice. P values were determined 

by two-way ANOVA with Sidak’s multiple comparisons test. (H) Schematic of 

serial competitive bone marrow transplantation with the indicated mice bone 

marrow. (I-J) Donor-derived CD41+ and LSK cells in bone marrow after 6-

months of the first competitive BMT. P values were determined by two-tailed 

unpaired Student’s t test. (K) Donor chimerism in peripheral blood after 

secondary transplantation. Data were obtained from 5 mice in each group. (L-

M) Donor-derived CD41+ (L) and LSK (M) cells after secondary transplantation 

as shown in Fig.S3H. P values were determined by two-tailed unpaired 

Student’s t test. (N-O) Donor chimerism after transplantation with graded 

mutant HSCs from young (N) or aged (O) mice. Data were obtained from 5 mice 

in each group. All data were presented as mean ± SD. For dot plots, each dot 

representing one mouse. 



Figure S4. MplW514L mutation enhanced megakaryocyte lineage 

commitment in hematopoietic stem cells, related to Figure 4. 

(A) Uniform manifold approximation and projection (UMAP) visualization of 

lineage-negative HSPCs from the scRNA-seq datasets from young (2 months) 

and old (10 months) MplW514L mice and their WT littermates (n=19190 cells). 

(B) Marker genes for each identified cluster in A. (C) Expression profiles of the 

indicated genes in each cluster cells across the four samples as in A. (D) 

Quantification of Mpl+ SLAM-LSK cell frequency in the bone marrow of mice as 

in Fig.4G. Data were presented as mean ± SD, with each dot representing one 

mouse. P values were determined by two-tailed unpaired Student’s t test. 

Figure S5. MplW514L mice exhibited megakaryocytic skewing in the 

myeloid progenitor compartment, related to Figure 6. 

(A) Gene pairwise Spearman correlation within the 2EryPs (EryP1 + EryP2) 

from the scRNA-seq datasets in Fig.4A. The heatmaps showed that the old 

MplW514L group exhibits a transcriptional bias toward MkP-associated gene 

modules. (B) Pathway enrichment analysis of differentially expressed genes in 

2EryPs cells from old MplW514L mice compared to old WT mice. (C) 

CellOracle-based evaluation of eigenvector centrality in 2EryPs cells as in B. 

(D) Representative flow cytometric analysis of erythroid differentiation in sorted 

Pre CFU-E cells from the indicated mice after 1-day culture with erythropoietin. 

(E-F) Quantification of the frequency and cell count of indicated subpopulations 

in D. Data were obtained from three independent experiments and presented 

as mean ± SD. P values were determined by two-tailed unpaired Student’s t 

test. 

Figure S6. Fedratinib had no effects on the disease-initiating cells in 

MplW514L mice, related to Figure 7.  

(A) Violin plots showing JAK-STAT signaling scores in HSC cluster versus 

CD201_HSC cluster from the scRNA-seq datasets in Fig.4A. (B) JAK-STAT 



signaling scores of CD201_HSC from young MplW514L mice and their WT 

littermates with the scRNA-seq datasets in Fig.4A. (C) Representative flow 

cytometric analysis of phospho-STAT5 (p-STAT5) levels in CD201+ HSC cells 

of WT and MplW514L mice after starvation or stimulation with Thrombopoietin 

(TPO, 50 ng/mL) for 10 minutes. Representative data were obtained from one 

of three independent experiments. (D) Platelet parameters in peripheral blood 

of indicated mice with 4-weeks of fedratinib treatment. Data were presented as 

mean ± SD, with each dot representing one mouse. 

Supplementary Tables 

Table S1 Antibodies and commercial reagents used in this study 

 

Table S2 The penetrance of thrombocytosis in MplW514L mice, including 

detailed genotype- and age-specific distributions   

 

Table S3 The penetrance of myelofibrosis in MplW514L mice, including 

detailed genotype- and age-specific distributions 

 

Table S4 Pro-fibrotic gene set 

 

Table S5 Regulation of receptor signaling pathway via JAK-STAT gene set 
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