
Supplementary Material

Generation of RUNX1 p.Leu56Ser Murine Model

CRISPR/Cas9 System Design
Two complementary RNA guides (single-guide RNAs,
sgRNAs) were designed with the CRISPR design tool
(http://crispr.mit.edu/), closer than 100 bp, targeting Runx1
exon 2, and including two 4-bp overhang sequences corre-
sponding to Bbsi nuclease (Runx1 UP and LO oligos,
►Supplementary Table S1). Both Runx1 pairs of sgRNAs
were denatured at 95°C for 5minutes, ramp-cooled to 25°C
for 45minutes to allow annealing. These annealed oligonu-
cleotides were ligated into pSpCas9n(BB)-2A-GFP (PX461), a
gift from Feng Zhang (Addgene plasmid #48140), previously
linearized by Bbsi nuclease, and containing Cas9 nickase.1

Sanger sequencing confirmed the correct insertion of the
sgRNA sequences. SgRNA sequences were polymerase chain
reaction (PCR)-amplified from PX461-based vector with
oligonucleotides carrying the T7 RNA polymerase promoter
at the 5′ ends (Runx1 T7 S and Runx1 T7 AS oligos,
►Supplementary Table S1). PCR products were purified
(NZYGelpure, NZYTech, Portugal) and used as a template
for T7 RNA polymerase transcription in vitro (MEGAshort-
script T7 Transcription Kit, Thermo Fisher, California, United
States).

The Cas9 nuclease ORF, including NLS, was also PCR-
amplified from PX461 vector with oligonucleotides carrying
the T7 RNA polymerase promoter at the 5′ ends (T7-Cas9n S
and T7-Cas9n AS oligos,►Supplementary Table S1). The Cas9
PCR product was purified and used as a template for in vitro
transcription, 5′ capping (mMESSAGE mMACHINE T7 Tran-
scription Kit, Thermo Fisher), and 3′ poly(A) tailing (Poly(A)
Tailing Kit, Thermo Fisher). Transcription products were
purified with an RNeasy Mini Kit (Qiagen, Germany) and
eluted in nuclease-free EmbryoMax microinjection buffer
(Millipore, Massachusetts, United States).

Concurrently, a single-strandDNAoligonucleotide (ssODN)
(Integrated DNA Technologies, IDT, Iowa, United States) was
designed as a template for homologous recombination repair,2

carrying the c.127–128CT>TC alteration, which gives rise to
the protein variant p.Leu43Ser, which corresponds to the
human p.Leu56Ser, and carries a silent mutation that destroys
PAMsequences. ThessODNhasa total lengthof149bp(ssODN,
►Supplementary Table S1).

Mouse Embryo Microinjections
One-cell-stage embryos from superovulated C57BL/6J
females were harvested and microinjected with 20 ng/µL
of the CRISPR/Cas9 system and 20 ng/µL of ssODN template
solution into the pronucleus. Microinjected embryos were
grown overnight on KSOM with nonessential amino acids
(Millipore), at 37°C in a 5% CO2 atmosphere. Two-cell-stage
embryos were recovered and transferred to foster CD1
females.3

Analysis of Cas9-system Target Sites
Edited founders were identified by PCR amplification (Taq
polymerase, Roche, Switzerland) with oligonucleotides
flanking exon 2 (Runx1 F and R oligos, ►Supplementary

Table S2). PCR products were purified using a PCR Product
Purification Kit (NZYtech) and sequenced by the standard
Sanger method. The selected founder was crossedwith wild-
type C57BL/6J to eliminate possible unwanted off-targets
and to generate pure heterozygotes. F3 generations of RUNX1
heterozygous carriers of the p.Leu43Ser variant mice were
crossed to produce homozygous RUNX1 p.Leu43Ser. Mice
were genotyped by Sanger sequencing of PCR products
produced from tail-biopsy DNA.

Off-Target Genotyping
Potential off-targets of the selected Runx1 sgRNAs were
analyzed using the online target predictor CRISPR design
tool (http://crispr.mit.edu/). The top 10 off-target sites were
evaluated using specific PCR oligos and Sanger by sequencing
(►Supplementary Table S2).

Platelet Phenotyping of the RUNX1 p.Leu56Ser Mouse
Model

Analysis of Platelet Structure and Receptor Levels
Platelet size was evaluated by flow cytometry as logarithmic
forward scattering (FSC) in whole-blood samples. Platelets
were gated based on their FSC/SSC properties, as well as
expression of CD61þ platelets, before comparing the mean
FSC values of mice of all three genotypes.4

Levels of platelet glycoproteins VI (GPVI), GPIb-IX, and
integrin αIIbβ3 were evaluated as the mean fluorescence
intensity for rat anti-mouse GPVI–FITC (Emfret Analytics),
rat anti-mouse CD42b–FITC (Emfret Analytics), and rat anti-
mouse CD61–PE (Thermo Fisher), respectively, upon acqui-
sition of 10,000 CD41þ platelets on BD Accuri C6.5

Light Transmission Aggregometry Assay
Blood was obtained by cardiac puncture into trisodium
citrate microtubes. Samples from six mice/genotype were
pooled. Washed platelets were prepared and diluted in
Tyrode’s-HEPES buffer (135�103 platelets/µL). Aggregation
was induced with thrombin 1 U/mL and recorded for
6minutes using a TA-8V aggregometer (Stago, France).

ATP Release
Combined blood from eight mice/genotype were used
(1�108 platelets). Washed platelets in 600 µL of Tyrode’s-
HEPES were stimulated with thrombin 1 U/mL or PMA 3 µM
for 10minutes at 37°Cwith slow shaking. Both agonists were
analyzed in triplicate for each genotype. Samples were
centrifuged for 30 seconds at 10,000 g postaggregation and
the supernatants were collected. ATP release was evaluated
with Cell Titer-Glo reagents (Promega, Wisconsin,
United States), added to fresh samples for 30minutes at
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room temperature (RT). The luminescence was determined
in a Synergy 4 Microplate Reader (BioTek, Vermont,
United States).6

Megakaryopoiesis
Megakaryopoiesis was analyzed as previously described.7

Briefly, femora from two mice/genotype were stained with
hematoxylin-eosin, and visualized using a Leica optical
microscope to countmegakaryocytes (MKs) in 20 40� yields.

Bone marrow cells (BMCs) from six mice/genotype were
obtained from femora and tibiae by flushing with PBS.
The MKs were enriched by culturing BMCs in RPMI supple-
mented with 20% horse serum, streptomycin/penicillin, and
50 ng/mL thrombopoietin (TPO, Innovative Research,
Michigan, United States) for 5 days to promote megakaryo-

poiesis. Flow cytometry analysis of MK differentiation and
maturation, and analysis of DNA content were performed on
0, 2, and 5 days of TPO culture.

For MK differentiation and maturation, BMCs were
stained with CD41-APC, CD61-PE, and CD42b-FITC, and
incubated for 20minutes at RT. To determine the ploidy
status, BMCs were fixed with ethanol by adding 0.5mL of
cold 70% ethanol dropwise. After incubation (1 hour to
7 days) at 4°C, cells were washed with PBS, stained with
anti-CD61-PE antibody, and incubated with a mixture of
100μg/mL RNase (Promega) and 50 μg/mL propidium iodide
(Sigma) in PBS for 20minutes at RT in the dark.

Fluorescence of both experiments was measured using a
BD Accuri cytometer and analyzed using FlowJo V10
software.

Supplementary Table S1 Oligo design for sgRNA guides, in
vitro transcription of sgRNA and Cas9 mRNA, PCR genotyping
and ssODN carrying the point mutation c.127–128CT> TC

Oligos Sequence

Runx1_1UP caccGGATGAGCGAGGCGCTGCCGC

Runx1_1LO aaacGCGGCAGCGCCTCGCTCATCc

Runx1_2UP caccGCCGGGGCTCAGCGCGGTGGA

Runx1_2LO aaacTCCACCGCGCTGAGCCCCGGc

Runx1_1 T7 S TAATACGACTCACTATAGGGATGAGC
GAGGCGCTGCCGC

Runx1_2 T7 S TAATACGACTCACTATAGGGCCGGG
GCTCAGCGCGGTGGA

Runx1 T7 AS GCACCGACTCGGTGCCACT

T7-Cas9n S TAATACGACTCACTATAGGGATGGCC
CCAAAGAAGAAGCGGA

T7-Cas9n AS CTTTTTCTTTTTTGCCTGGCC

Runx1_F AGTTGCTAACCCTGCTTGGG

Runx1_R CTAGGCTCACTCTGGCCATC

ssODN Runx1 mut
c.127–128CT> TC

AGTGCTTCATGAGAGATGCCAGCACG
AGCCGCCGCTTCACGCCGCCTTCCAC
CGCGCTGAGCCCCGGCAAGATGAGC
GAGGCGTCGCCGCTAGGCGCCCCG-
GATGGCGGCGCCGCCCTGGCCAGC
AAGCTGAGGAGCGGCGACCGCAGC
ATGGTGGAGGTACTA

Abbreviations: S: sense; AS: antisense; F: forward; R: reverse; ssODN:
single-strand DNA oligonucleotide.
Note: Small letters indicate the sequence corresponding to Bbsi nu-
clease; underlining indicates shared sequences; bold face indicates the
point mutation of interest.

Supplementary Table S2 PCR oligos used to evaluate sgRNA
off-targets (F: forward; R: reverse)

Oligos Sequence

Myo3a F CTCGATTTTGCAAAACTGCGAAGCT

Myo3a R TCATTAGGGGGATAGGAGTGACAGGC

Whsc1l1 F CAGCACCCATGTTTTTCATGTAAAGTGTC

Whsc1l1 R TCTTCTTGGTCCCTAGATGGAGACTAATAGT

Anks3 F GTCCCCGTGCTGAGTACGG

Anks3 R GCAGGCTCCCGTGTGG

Six5 F GGAGGAAGCGCGCCAG

Six5 R GAACTTCTTGCGCAGCCGG

Trpc7 F AACGAGAAGGGCACGAGCCT

Trpc7 R TCCGTGCACTCATTGCACTTG

Ntmt1 F TGGCTTTGCTGTTTTGCTCC

Ntmt1 R ACCCAATCACCGCTTAGCTC

Gm26578 F CCCGTAAGCAATGGGGTTCA

Gm26578 R CCGATTGCGGGATCTCTACC

Uvrag F CCGGTTTCTAGGCTGTAGGG

Uvrag R AAAGGAAACCCCAACGTCCC

Exoc3l4 F AGGCCGAGGGTGATTTCTTG

Exoc3l4 R ACCCGTTTTCCGTGATCTCC

Celsr2 F GGCTCATATCCCTCTTCCGC

Celsr2 R TACCGTGATCCTGTGCAGTG

Abbreviations: PCR, polymerase chain reaction; sgRNA, single-guide
RNA.
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Supplementary Fig. S1 Flow cytometric assessment of platelet size
and expression of glycoproteins on the platelet surface of p.Leu43Ser
variant mice. Platelet size evaluated as FSC value (arbitrary units),
while levels of GPVI, GP1b, and integrin αIIbβ3 on the platelet surface
evaluated as the mean fluorescence intensity (arbitrary units). His-
tograms show mean� SEM of the results. SEM, standard error of the
mean.

Supplementary Table S3 qPCR oligonucleotides (F: forward;
R: reverse)

Oligos Sequence

qPCR-Prkca F CGTTACGTTCTCTTGTCCGG

qPCR-Prkca R CATTCATGTCGCAGGTGTCAC

qPCR-Prkcb F GCAGAAGAACGTGCACGAGG

qPCR-Prkcb R GGAGAACGTGACGAACTCATGG

qPCR-Gapdh F TGCACCACCAACTGCTTAGC

qPCR-Gapdh R CACCACCTTCTTGATGTCATCA

Abbreviation: qPCR, quantitative polymerase chain reaction.
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Supplementary Fig. S2 Megakaryopoiesis of p.Leu43Ser variant mice. (A) Megakaryocytes (MKs) count in 40� yields along the femur. (B) Flow
cytometry analysis of the MK polyploidy and DNA content in RUNX1WT/WT, RUNX1WT/L43S, and RUNX1L43S/L43S after 0, 2, and 5 days of treatment
with thrombopoietin, and evaluated with propidium iodide. (C) Flow cytometry analysis of the MK differentiation and maturation after 0, 2, and
5 days of treatment with thrombopoietin. CD41þ CD61þ CD42� correspond to megakaryoblasts/promegakaryocytes; and CD41þ CD61þ
CD42þ correspond to mature MKs. Histograms show the mean� SEM of values. �p< 0.05. SEM, standard error of the mean.

Supplementary Fig. S3 RUNX1 p.Leu43Ser variant mice display
impaired platelet aggregation. Representative example of platelet
aggregation by light-transmission aggregometry (LTA) assay, after 3
and 6minutes of thrombin 1 U/mL stimulation. The histogram shows
the value at each time.
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Supplementary Fig. S4 RUNX1 p.Leu43Ser variant mice display impaired clot retraction. (A) Representative images of the clot retraction in
RUNX1WT/WT, RUNX1WT/L43S, and RUNX1L43S/L43S. Platelet-poor plasma (PPP) was used as a negative control. All samples were stimulated with
thrombin 1 U/mL. (B) Histogram represents the mean� SEM of the clot weights. SEM, standard error of the mean.
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