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SUPPLEMENTAL FIGURE LEGENDS 
 
Figure S1. Mmp2 and Mmp9 are expressed in discrete populations within hemogenic regions. 

Related to Figure 1. 

A) Exposure to dimethyl-Prostaglandin-E2 (PGE2) (10µM) and CAY10397 (CAY) (10µM), a small 

molecule that stabilizes endogenous PGE2, increased runx1 and cmyb expression in the ventral dorsal 

aorta (VDA) by WISH, while the cyclooxygenase antagonist Indomethacin (Indo, 10µM) decreased 

expression of HSPC markers at 36 hours post fertilization (hpf). 

B) Qualitative phenotypic distribution of embryos from S1A scored with high/medium/low runx1/cmyb 

expression in the AGM (n≥20 embryos/condition). 

C) qPCR analysis using FACS-sorted cell populations from Tg(kdrl:dsred;cmyb:gfp) embryos at 36 hpf 

showed enrichment of mmp2 in the Flk1+cMyb- vasculature, while mmp9 expression was present in 

all populations examined (1000 embryos x 2 replicate sorts). Error bars: mean ± SD. 

D) RNA-seq analysis (~1000 pooled Tg(mpeg1:mcherry;mpx:egfp) embryos, >50,000 cells/fraction) 

indicated that mmp9 expression is concentrated in FACS-sorted Mpx+ neutrophils at 72 hpf. 

E) Metronidozole (Mtz)-mediated (24-48 hpf) targeted ablation of primitive myeloid cell types in 

Tg(mpeg1:gal4;uas:nfsb-mcherry) (macrophage) or Tg(mpx:gal4;uas:nfsb-mcherry) (neutrophil) 

embryos confirmed that neutrophil loss strongly diminished mmp9 expression in the trunk and tail, 

while macrophage loss had minimal impact. 

F) Qualitative phenotypic distribution of embryos from S1E scored with high/medium/low mmp9 

expression in the trunk and tail region (n≥25 embryos/condition). 

Scale bars: 100µm. 

 

Figure S2. The pan-gelatinase inhibitor SB-3CT is toxic during early hematopoiesis, but ARP-

mediated Mmp2 inhibition has no effect on arterial identity or cell death. Related to Figure 2. 



A) Exposure to 10µM SB-3CT (pan-MMP2/9 inhibitor) during HSPC formation (12-36 hpf) decreased 

runx1/cmyb expression, while 1µM SB-3CT had no effect by WISH analysis.  

B) Qualitative phenotypic distribution of embryos scored with high/medium/low runx1/cmyb expression 

in the AGM at 36 hpf (n≥20 embryos/condition). 

C) High dose SB-3CT (10µM) treatment (as in S2A) caused major vascular defects and deformities in 

Tg(kdrl:gfp) embryos, suggestive of overall toxicity.  

D) Qualitative phenotypic distribution of embryos scored with normal/mild defect/major defect in 

Flk1:GFP expression (n≥20 embryos/condition). 

E) Exposure to high dose SB-3CT (10µM) at a later time point (38-60 hpf), post-HSPC specification and 

EHT onset, diminished cmyb expression in the CHT and caused sustained appearance in the AGM, 

while low dose (1µM) had less prominent impact by WISH analysis. 

F) Qualitative phenotypic distribution of embryos scored with high/medium/low cmyb expression in the 

CHT at 60 hpf (n-value as in 2B). 

G) Delayed onset of treatment with SB-3CT (as in S2E) led to minor vascular defects (abnormal vascular 

branching) in Tg(kdrl:gfp) embryos, suggesting embryos better tolerate exposure at later time points. 

H) Qualitative phenotypic distribution of embryos scored with normal/mild defect/major defect in 

Flk1:GFP expression (n-value as in 2D). 

I) Exposure to Prinomastat (20µM), ARP-101 (ARP, 10µM), or MMP9-I (5µM) during HSPC 

formation (12-36 hpf) had no effect on ephrinB2 expression in the AGM at 36 hpf by WISH analysis 

(n≥10/condition). 

J) Exposure to ARP does not alter the appearance of Acridine Orange (AO) positive (apoptotic) cells in 

the AGM at 36 hpf compared to controls. 

K) Quantification of the number of AO+ cells in the AGM region in control and ARP treated embryos 

(DMSO: 3.64 ±2.90; ARP: 3.25 ±2.59; p=0.61, 2-tailed t-test; n≥20 embryos/condition). 

Scale bars: 100µm. 



Figure S3. Validation of the Tg(runx1+23(144-378):egfp) HSPC reporter transgenic zebrafish line and 

characterization of the effect of Mmp2 inhibition on cell proliferation. Related to Figure 3. 

A)  Genomic DNA sequence corresponding to the murine +23 Runx1 enhancer (black) and the internal 

144-378 base pair fragment (Runx1+23(144-378), red). 

B)  Schematic representation of the Runx1+144:GFP DNA construct used to create the Tg(runx1+23(144-

378):eGFP) line; a Tg(runx1+23:egfp) transgenic reporter genetically similar to the recently published 

Tg(runx:egfp) line (Tamplin et al., 2015) was also created using the full murine enhancer sequence.  

C)  Representative fluorescence pattern Cd41:GFP+, Runx1+23:GFP+ and Runx1+144:GFP+ cells in the 

AGM of transgenic embryos at 36 hpf after treatment with dmPGE2 (10µM; 12-36 hpf) compared to 

DMSO controls, measured with the same length of exposure time. 

D)  Representative images of Runx1+144:GFP expression in the CHT (top) and thymus (bottom) at 84 

hpf.  

E)  Exposure to ARP-101 (ARP, 10µM) from 12-24 hpf does not impact the appearance of proliferating 

cells in the AGM of Tg(EF1:mAG-zGEM(1/100); kdrl:dsred) embryos compared to controls at 24 hpf. 

F)  Quantification of the number of mAG-zGEM (G2/M)+ cells in the AGM of embryos from S3E 

(DMSO: 34.0 ±18.6; MMP9-I: 32.8 ±9.64, p=0.865, 2-tailed t-test, n≥7 embryos/condition). Error 

bars: mean ± SD. 

Scale bars: 100µm. 

 

Figure S4. Mmp2 inhibition causes an accumulation of fibronectin in the AGM. Related to Figure 4. 

A) Exposure to SB-3CT (10µM, 32-48 hpf) increased fibronectin staining in the AGM compared to 

controls at 48 hpf (n≥10 embryos/condition).  

B) Vibratome cross-sections show increased fibronectin staining in the posterior cardinal vein (PCV) and 

ventral wall of the dorsal aorta (DA) with SB-3CT treatment (32-54 hpf) compared to controls; inset 



magnifications of boxed regions (from left panels) show gray-scale fluorescence of fibronectin (right; 

n≥7 embryos/condition). 

Scale bars: 30 (A) and 15µm (B). 

 

Figure S5. Mmp2 inhibition delays HSPC migration to  the CHT without impacting circulation. 

Related to Figure 5. 

A) mmp2 mutants display inappropriate cmyb expression in the AGM at 72 hpf, phenocopying the effect 

of ARP- and MO-mediated Mmp2 inhibition.  

B) Qualitative phenotypic distribution of total embryos from S5A (mmp2+/- incross) scored with normal 

versus abnormal cmyb expression in the AGM at 72 hpf (n≥20 embryos/condition). 

C) Embryos exposed to ARP (10µM, 12-48 hpf) showed reduced cmyb expression in the CHT, 

concurrent with enhanced expression in the AGM at 48 hpf, suggesting HSPCs are restrained in 

colonization of secondary hematopoietic sites with loss of Mmp2 function.  

D) Qualitative phenotypic distribution of embryos from S5C scored with normal versus abnormal cmyb 

expression at 48 hpf (n≥20 embryos/condition).  

E) In vivo imaging of Tg(kdrl:gfp/gata1a:dsred) embryos after exposure (12-72 hpf) to ARP, MMP9-I 

or Prinomastat showed no differences in Gata1+ erythrocyte circulation through the Flk1+ CHT 

vasculature compared to controls at 72 hpf (n≥10 embryos/condition). 

Scale bars: 100µm. 

 

Figure S6. Mmp9 inhibition impacts HSPC localization and number in the CHT, independent of 

alterations in cell proliferation. Related to Figure 6.  

A) In vivo imaging of Tg(-6.0itga2b:egfp) embryos showed MMP9-I treatment (5µM,12-72 hpf) 

increased the appearance of Cd41+ HSPCs in the CHT region, including preferential accumulation in 

the anterior (blue bar) versus posterior (orange bar) half of the hematopoietic niche. 



B) Quantification of the phenotype shown in S6A via manual counts of the number of Cd41:GFP+ cells 

per entire CHT region (DMSO: 43.5 ±1.73; MMP9-I: 64.75 ±7.93, *p<0.05, 2-tailed t-test, n≥4 

embryos/condition). Error bars: mean ± SD. 

C) FACS for Cd41:GFP+,Gata1:dsRed- cells (with negative thrombocyte selection) showed no difference 

in whole embryo HSPC numbers at 72 hpf with MMP9-I exposure (12-72 hpf) compared to control 

(DMSO: 0.83 ±0.077; MMP9-I: 0.781 ±0.028, p=0.328, 2-tailed t-test, n≥5 embryos/sample, >3 

replicates/condition). Error bars: mean ± SD. 

D) Quantification of the localization phenotype observed in S6A via manual count Cd41:GFP+ HSPCs in 

each half of the CHT at 72 hpf revealed an increase in the anterior: posterior cell number ratio with 

Mmp9 (12-72 hpf) inhibition (DMSO: 0.62 ±0.132; MMP9-I: 1.16 ±0.317, *p<0.05, 2-tailed t-test, n-

value as in S6B). Error bars: mean ± SD. 

E) EdU labeling in Tg(runx1+23(144-235):egfp) embryos showed no change in the level of double positive 

EdU/Runx1+144 staining in the CHT after MMP9-I treatment (24-72 hpf). 

F) Qualitative phenotypic distribution of total embryos from S6E scored with high, medium, or low EdU 

staining level at 72 hpf (n≥20 embryos/condition). 

G) pH3 staining in Tg(runx1+23(144-235):egfp) embryos showed no alteration in the number of double 

positive pH3/Runx1+144 cells in the CHT after MMP9-I treatment (24-72 hpf). 

H) Quantification of the phenotype in S6G via manual counts of the number of pH3+/Runx1+144:GFP+ 

HSPCs per CHT in control and MMP9-I treated embryos (DMSO: 2.58 ±1.42; MMP9-I: 1.91 ±1.56; 

p=0.13, 2-tailed t-test; n≥20 embryos/condition). Error bars: mean ± SD. 

Scale bars: 100µm. 

 

Figure S7. Mmp9 inhibition does not impact HSPC localization in cxcl12a heterozygous mutants. 

Related to Figure 7.  

A) Exposure of wild-type (WT) sibling controls to MMP9-I (5µM, 12-72 hpf) increased cmyb expression 

in the CHT at 72 hpf; in contrast, while heterozygous loss of cxcl12a in cxcl12at30516/t30516 (cxcl12a+/-) 



embryos had no impact on cmyb expression alone, it antagonized the effect of Mmp9 inhibition 

(n≥20/condition).  

B) Qualitative phenotypic distribution of control and MMP9-I treated WT and cxcl12a+/- siblings from 

S7A scored with high/medium/low cmyb expression at 72 hpf (n≥20/condition).  

Scale bars: 100µm. 
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SUPPLEMENTAL EXPERIMENTAL PROCEDURES 
 
Transgenic and Mutant Zebrafish Lines (related to Zebrafish Husbandry) 
 
Official Line Name Common Name Reference 

Tg(-6.0itga2b:egfp)  Cd41:GFP (Bertrand et al., 2008) 

Tg(kdrl:gfp) Flk1:GFP (Choi et al., 2007) 

Tg(kdrl:dsred2)  Flk1:dsRed (Kikuchi et al., 2011) 

Tg(cmyb:egfp)  cMyb:GFP (North et al., 2007) 

Tg(gata1a:dsRed) Gata1:dsRed (Traver et al., 2003) 

Tg(runx+23(144-378):egfp) Runx1+144:GFP see description below 

Tg(runx1P2:egfp)  Runx1:GFP (Lam et al., 2010) 

fn1atl43c/tl43c natter, fibronectin mutant (Trinh and Stainier, 2004) 

Tg(hsp70l:cxcl12b-egfp) Hsp70:Cxcl12b (Li et al., 2005) 

cxcl12at30516/t30516 medusa, cxcl12a mutant (Valentin et al., 2007) 

mmp2hu10535  mmp2 mutant (Kok et al., 2015) 

Tg(mpeg1:gal4;uas:nfsb-mcherry) Mpeg1:NTR (Davison et al., 2007; Ellett et 
al., 2011) 
 

Tg(mpx:gal4;uas:nfsb-mcherry) Mpx:NTR (Davison et al., 2007; 
Robertson et al., 2014) 
 

Tg(EF1:mAG-
zGem(1/100))rw0410h)  

mAG-zGEM (Sugiyama et al., 2009) 

Tg(runx1+23:egfp) Runx1+23:GFP see description below [similar 
to (Tamplin et al., 2015)] 

Tg(mpeg1:mcherry) Mpeg1:mCherry (Ellett et al., 2011) 

Tg(mpx:egfp) Mpx:GFP (Renshaw et al., 2006) 

Tg(rag2:dsred)zf411 Rag2:dsRed (Ma et al., 2012) 



Morpholino Sequences (related to Morpholino Injections) 
 

Gene Morpholino Reference 
mmp2 5' - GTGGCGAACAGCCCTTTCAGACGTG - 3' (Coyle et al., 2008) 
mmp9 5’-CGCCAGGACTCCAAGTCTCATTTTG- 3’ (Volkman et al., 2010) 

cxcl12a 5’-CTACTACGATCACTTTGAGATCCAT-3’ (Doitsidou et al., 2002) 
 
 
qPCR Primers (related to RNA Extraction and qRT-PCR) 
 
Gene Forward Reverse Reference 
mmp2 GCTGTTCCCGATGACCTAGA GCTGTCATTTCTGGCCATTT  
mmp9 TTGCCTTTTCCTCTCTGCAT TCATGATCTCTGCGAAGTGG (Esain et al., 2015) 

18s TCGCTAGTTGGCATCGTTTAT CGGAGGTTCGAAGACGATCA (Esain et al., 2015) 
 

Small Molecules 

Drug Target Dose Supplier Reference 

ARP-101 MMP2  10µM Tocris  

MMP9-I MMP9  5µM Merck Millipore  

Prinomastat MMP2/MMP9 20µM Sigma-Aldrich  

SB-3CT MMP2/MMP9 1, 10µM Sigma-Aldrich (Travnickova et al., 2015) 

dmPGE2  10µM Cayman 
Chemical 

(North et al., 2007) 

Indomethacin Cyclooxygenase 1/2 10µM Sigma-Aldrich (North et al., 2007) 

CAY10397 PGDH 10µM Cayman 
Chemical 

(Nissim et al., 2014) 

 

Antibodies 

Antibody Species Source Catalog Number 
Fibronectin Rabbit Sigma-Aldrich F3648 

Anti-phospho-Histone 
H3 (pSer10) 

Rabbit EMD Millipore 06-570 
 

GFP 
 

Rabbit Millipore (Sigma-
Aldrich) 

AB3080 

GFP Chicken GeneTex GTX13970 
Anti-rabbit IgG, Alexa 

Fluor 488 
Goat Molecular Probes 

(Thermo Fisher) 
A-11034 



Anti-rabbit IgG, Alexa 
Fluor 568 

Goat Molecular Probes 
(Thermo Fisher) 

A-11011 

Anti-chicken IgG, Alexa 
Fluor 488 

Goat Molecular Probes 
(Thermo Fisher) 

A-11039 

 

Generation of the Tg(runx1+23(144-378):egfp) HSPC reporter transgenic zebrafish line 

A 235 base pair fragment corresponding to region 144-378 of +23 Runx1 murine enhancer (Nottingham, 

et al. 2007), as well as the full enhancer region, were amplified from mouse genomic DNA with the 

following primers: Runx1+144Fwd-5’-GGGGCCCTCACTACCTCTTTTCTTCTC-3’ and 

Runx1+144Rev-5’-GTGTGAGGAGGAGACAGGAAGAAGGGAGGC-3’ or Runx1+23Fwd-5’ -

GGGGGTGGGAGGTGTAAGTTC-3’ and Runx1+23Rev-5’ –CCAGGTGTCAGCAACCCATC-3’, and 

cloned into pT2-cfos-EGFP (Fisher et al., 2006). Tg(runx1+23:egfp) and Tg(runx1+23(144-378):egfp) 

transgenic fish were generated by co-injection of the Tol2-transposase mRNA (Kwan et al., 2007) into 1-

cell stage embryos and transgenic F0 founders were identified by eGFP expression in the AGM. 
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