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1. Supplementary Figures

Figure S1. Functional analysis of the GLOBE-based HBB
AS3 

transgene-expressing lentiviral vectors in MEL cells. (A) MEL cell transduction with GLV1-βAS3 and GLV2-

βAS3 at increasing MOI (0.5, 1, 2) and erythroid differentiation for 10 days to assess vector-derived β
AS3

-transgene expression levels. (B) Relative HBBAS3 (β
AS3

) mRNA 

expression measured by RT-qPCR on day 4 of erythroid differentiation (n=3). (C) Immunoblots of HBB, Hba protein and β-actin–used as loading control in terminally 

differentiated (day 10) mock- and LV-transduced MEL cell pools (n=3) , based on equivalent detection of HBB and HBBAS3 by anti-HBB antibody. The dashed line indicates 

detection on separate membranes. (D) Percentage of differentiation-normalized HBB chain levels relative to the highest value for each experiment, as determined via 

densitometry analysis using Image J. Messenger RNA and protein levels were normalized to endogenous Hba expression and corrected for VCN. Statistical significance 

was calculated using one-way ANOVA, * p<0.05 ** p < 0.01 *** p<0.001 and ****<0.0001.
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Figure S2. Splicing of the anti-sickling human HBB
AS3

 transgene bearing the miR30-shRNA expression cassette. (A) Schematic of HBBAS3 (β
AS3

) transgene (exon 1 and 

exon 2 are represented as grey boxes, and intron 1 and 2 as black lines) bearing the three anti-sickling mutations (indicated in red) with the intron-encoded miR30-

expression cassette (βAS3-miR30-shRNA pre-mRNA). Binding regions of PCR primers specific for β
AS3

 fragment detection are shown with black arrows. (B) PCR products 

were separated by gel electrophoresis on a 2% agarose gel. 
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Figure S3. Design and functional evaluation of shRNAmiR guide strand variants targeting the aberrant HBBIVSI−110(G>A) mRNA using the Ef1a-promoter-driven LV (LV-

Ef1a-shRNAmiR). (A) Schematic representation of lentiCas9-Blast (Addgene: 52962) modified to express the miR30-based shRNA expression cassette in place of Cas9. ψ, 

Psi packaging signal; RRE, Rev response element; C, central polypurine tract; EF1a, elongation factor 1a short promoter; Flag, Flag octapeptide tag; P2A, 2A self-cleaving 

peptide; WPRE, Woodchuck Hepatitis Virus post-transcriptional regulatory element; Blast, blasticidin selection marker; 5’/3’LTR, 5’ and 3’ LV long terminal repeats. (B) 

Relative HBB mRNA expression and (C) vector-derived miR30 mRNA expression measured by RT-qPCR on day 4 of erythroid differentiation of MEL-HBB
IVS

 cells. Target 

mRNA levels were normalized against Hba mRNA and expressed per vector copy. Data represent mean±SD of three independent experiments from a single LV preparation. 

(D) Percentage contribution of aberrant and normal HBB mRNA in bulk MEL-HBB
IVS

 cells (n=3). (E) Representative images of immunoblots for HBB, Hba protein levels 

and β-actin (used as loading control) in transduced MEL-HBB
IVS

 cells on day 10 of erythroid differentiation, based on equivalent detection of HBB and HBBAS3 by anti-HBB 

antibody. The dashed line indicates detection on separate membranes. (F) Percentage of differentiation-normalized HBB levels (normalized to VCN) and (G) β-actin-

normalized Hba levels relative to the highest value for each experiment as determined by densitometry analysis of immunoblots from two independent transduction 

experiments.
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2. Supplementary Tables

Table S1. Oligonucleotides used for the generation of miR30shRNA-based vectors 

Oligonucleotides Sequence (5’-3’)1 

miR30shMID cgtctcaagcgagtctattttcccacccttaggtagtgaagccacagatgtacctaagggtgggaaaatagacctgcctgagacg 

miR30shMIDA cgtctcaagcgagcgcgtctattttcccacccttagtgaagccacagatgtaagggtgggaaaatagacgcgcctgcctgagacg 

miR30shMIDB cgtctcaagcgagcgcattttcccacccttaggtagtgaagccacagatgtacctaagggtgggaaaatgcgcctgcctgagacg 

miR30shSCR cgtctcaagcgacctaaggttaagtcgccctcgctctagtgaagccacagatgtagagcgagggcgacttaaccttaggctgcctgagacg 

miR30shGFP cgtctcaagcgagcacaagctggagtacaactatagtgaagccacagatgtatagttgtactccagcttgtgcctgcctgagacg 

β-Term sequence gcatagtgttaccatcaaccaccttaacttcatttttcttattcaatacctaggtaggtagatgctagattctggaaataaaatatgagtctcaagtgg

tccttgtcctctctcccagtcaaattctgaatctagttggcaagattctgaaatcaaggcatataatcagtaataagtgatgatagaagggtatatag

aagaattttattatatgagagggtgaaaccctcaaaatgaaatgaaatcagacccttgtcttacaccataaacaaaaataaatttgaatgggttaa

agaattaaactaagacctaaaaccataaaaatttttaaagaaatcaaaagaagaaaattctaatattcatgttgcagccgttttttgaatttgatatg

agaagcaaaggcaacaaaaggaaaaataaagaagtgaggctacatcaaactaaaaaatttccacacaaaaaagaaaacaatgaacaaatga

aaggtgaaccatgaaatggcatatttgcaaaccaaatatttcttaaatattttggttaatatccaaaatatataagaaacacagatgattcaataaca

aacaaaaaattaaaaataggaaaataaaaaaattaaaaagaagaaaatcctgccatttatgcgagaattgatgaacctggaggatgtaaaact

aagaaaaataagcctgacacaaaaagacaaatactacacaaccttgctcatatgtgaaacataaaaaagtcactctcatggaaacagacagtag

aggtatggtttccaggggttgggggtgggagaatcaggaaac 

Construct 1: 

miR30shRNA ex-

pression cassette 

with inverted 

BsmBI sites 

atcgataccgtgtaaatacacttgcaaaggaggatgtttttagtagcaatttgtactgatggtatggggccaagagatatatcttagagggaggg

ctgagggtttgaagtccaactcctaagccagtgccagaagagccaaggacaggtacggctgtcatcacttagacctcaccctgtggagccacac

cctagggttggccaatctactcccaggagcagggagggcaggagccagggctgggcataaaagtcagggcagagccatctattgcttacattt

gcttctgacacaactgtgttcactagcaacctcaaacagacaccaccggttgtttgaatgaggcttcagtactttacagaatcgttgcctgcacatct

tggaaacacttgctgggattacttcttcaggttaacccaacagaaggctaaagaaggtatattgctgttgacagtgagcgagagacggaagccc

agacgtctcatgcctactgcctcggacttcaaggggctactttaggagcaattatcttgtttactaaaactgaataccttgctatctctttgatacattt

ttacaaagctgaattaaaatggtataaattaaatcacttttagcgctgctcgctttcttgctgtccaatttctattaaaggttcctttgttccctaagtcca

actactaaactgggggatattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattgcaatgatgtatttaaat 

Construct 2: βAS3-

globin transgene 

with AgeI and 

AfeI restriction 

sites in IVS2 break 

point 

atcgataccgtgtaaatacacttgcaaaggaggatgtttttagtagcaatttgtactgatggtatggggccaagagatatatcttagagggaggg

ctgagggtttgaagtccaactcctaagccagtgccagaagagccaaggacaggtacggctgtcatcacttagacctcaccctgtggagccacac

cctagggttggccaatctactcccaggagcagggagggcaggagccagggctgggcataaaagtcagggcagagccatctattgcttacattt

gcttctgacacaactgtgttcactagcaacctcaaacagacaccatggtgcacctgactcctgaggagaagtctgccgttactgccctgtgggac

aaggtgaacgtggatgccgttggtggtgaggccctgggcaggttggtatcaaggttacaagacaggtttaaggagaccaatagaaactgggc

atgtggagacagagaagactcttgggtttctgataggcactgactctctctgcctattggtctattttcccacccttaggctgctggtggtctaccctt

ggacccagaggttctttgagtcctttggggatctgtccactcctgatgctgttatgggcaaccctaaggtgaaggctcatggcaagaaagtgctc

ggtgcctttagtgatggcctggctcacctggacaacctcaagggcacctttgcccagctgagtgagctgcactgtgacaagctgcacgtggatcc

tgagaacttcagggtgagtctatgggacccttgatgttttctttccccttcttttctatggttaagttcatgtcataggaaggggagaagtaacaggg

taaccggttctaggccaccagcgcttttctgcatataaattgtaactgatgtaagaggtttcatattgctaatagcagctacaatccagctaccattct

gcttttattttatggttgggataaggctggattattctgagtccaagctaggcccttttgctaatcatgttcatacctcttatcttcctcccacagctcctg

ggcaacgtgctggtctgtgtgctggcccatcactttggcaaagaattcaccccaccagtgcaggctgcctatcagaaagtggtggctggtgtgg

ctaatgccctggcccacaagtatcactaagctcgctttcttgctgtccaatttctattaaaggttcctttgttccctaagtccaactactaaactggggg

atattatgaagggccttgagcatctggattctgcctaataaaaaacatttattttcattgcaatgatgtatttaaat 
1Underlined sequences indicate restriction sites used for cloning. 
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Table S2. Primers and Probes used for PCR-based assays 

Assay Primer Sequence (5’-3’) 

Vector copy number 

LV_Fw TCTCGACGCAGGACTCG 

LV_Rv TACTGACGCTCTCGCACC 

LV Probe Yakima-Yellow-ATCTCTCTCCTTCTAGCCTC- ZNA-4-BHQ-1 

PCB2_Fw TTGTGTCTCCAGTCTGCTTG 

PCB2_Rv AGGTGGTGGTGGTGGTA 

PCB2 Probe FAM-CCCTCTCCTGGCTCTAAATGTTGTGT- BHQ-1 

Aberrant and normal β-globin 

mRNA expression 

hHBB_EX1_Fw GGGCAAGGTGAACGTG 

hHBB_EX2_Rv GGACAGATCCCCAAAGGAC 

IVS1-110 MGB Probe VIC-TGGGCAGTCTATTT-MGB-NFQ 

wtHBB ZNA Probe 6-FAM- TGG G(PDC)A GG(PDC) TG(PDC) TG-ZNA-3-BHQ-1

Human α-globin mRNA ex-

pression 

HAlpha_Fw GGACCCGGTCAACTTCAA 

HAlpha_Rv CGGTATTTGGAGGTCAGCAC 

Murine α-globin mRNA ex-

pression 

hAlpha_Fw GTCACGGCAAGAAGGTCGC 

hAlpha_Rv GGGGTGAAATCGGCAGGGT 

Human β-globin mRNA ex- hHBB_EX2_Fw GGCAAGAAAGTGCTCGG 

hHBB_EX2.3_Rv GTGCAGCTCACTCAGTG 

Vector derived βAS3-globin 

mRNA expression 

LV_βAS3_G16D_Fw AAGGTGAACGTGGATGCCG 

LV_βAS3_Rv GCACTTTCTTGCCATGAGCC 

Vector derived miR30 mRNA 

expression 

LV_miR30_Fw AATCGTTGCCTGCACATCTTG 

LV_miR30_Rv CCTTCTTTAGCCTTCTGTTGGG 

Vector derived eGFP mRNA 

expression 

eGFP_Fw GGCAAGCTGACCCTGAAGTT 

eGFP_Rv AGATGGTGCGCTCCTGGA 

βAS3-globin mRNA splicing 
LV_βAS3_T87Q_Fw CAAGGGCACCTTTGCCCAG 

LV_βAS3_EX3_Rv GGTGGGGTGAATTCTTTGCC 
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