
de Leeuw et al. Research Report for Molecular Brain | April 30, 2016 | Page 1 of 11 

rAAV-Compatible MiniPromoters for Restricted 
Expression in the Brain and Eye 
 
Charles N. de Leeuw, Andrea J. Korecki, Garrett E. Berry, Jack W. Hickmott,  
Siu Ling Lam, Tess C. Lengyell, Russell J. Bonaguro, Lisa J. Borretta,  
Vikramjit Chopra, Alice Y. Chou, Cletus A. D’Souza, Olga Kaspieva,  
Stéphanie Laprise, Simone C. McInerny, Elodie Portales-Casamar,  
Magdalena I. Swanson-Newman, Kaelan Wong, George S. Yang, Michelle Zhou,  
Steven J. M. Jones, Robert A. Holt, Aravind Asokan, Daniel Goldowitz,  
Wyeth W. Wasserman, and Elizabeth M. Simpson. 

 
Supplementary Material  



de Leeuw et al. Research Report for Molecular Brain | April 30, 2016 | Page 2 of 11 

 
Figure S1. CAGGS and smCBA ubiquitous control promoters express throughout all 
brain regions.  
(a) Table of ubiquitous control promoter and ORF constructs tested. (b) Representative 
images from each control construct are shown; animals are distinguished by tissue or 
animal number. Without WPRE (-WPRE) constructs are presented on the left, and with 
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WPRE (+WPRE) on the right. The CAGGS promoter was assessed with both the icre 
and EmGFP reporters, whereas smCBA was only assessed with EmGFP. icre 
constructs were analyzed using X-gal immunohistochemistry and EmGFP constructs 
with anti-GFP immunofluorescence. Both neurons and glia were transduced. EmGFP, 
emerald green fluorescent protein; icre, improved cre recombinase; WPRE, woodchuck 
hepatitis virus post-transcriptional regulatory element. Bs, brainstem; Cb, cerebellum; 
Ctx, cortex; Hipp, hippocampus; Hth, hypothalamus; OB, olfactory bulb; Ret, retina; 
tEMS, tissue number; Th, thalamus. 
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Figure S2. Consistent restricted expression observed for most positive constructs.  
Table of 18 MiniPromoter (MiniP) and ORF constructs tested. For each construct, at 
least 4 animals were assessed in brain, eye, and/or muscle. MiniPs in black text drive 
icre; MiniPs in green text drive a green fluorescent protein; horizontal lines group MiniP 
constructs; note that the CLDN5-based MiniPs are separated in the table and thus 
highlighted in pink; bp, base pair; EmGFP; emerald green fluorescent protein; icre, 
improved cre recombinase; miniSOG, mini Singlet Oxygen Generator; NA, not 
applicable; ORF, open reading frame; WPRE, woodchuck hepatitis virus post-
transcriptional regulatory element. 
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Figure S3. The Ple301 (TNNT1 regulatory regions) MiniP in rAAV drove expression in 
muscle as expected based on the previously published Ple232 MiniP activity in knock-in 
mice [1].  
(a) X-gal staining indicated β-galactosidase activity in the quadriceps muscle, whereas 
the negative control showed only minimal endogenous staining at the cut site. (b) Upon 
cryosectioning, the individually stained muscle cells are visible. Red, neutral red. (c) 
Similarly, the musculature of the tongue contained β-galactosidase positive cells. Red, 
neutral red. Each tEMS number indicates a different mouse; two mice are shown per 
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condition. icre, improved cre recombinase; MiniP, MiniPromoter; RRs, regulatory 
regions. Blue, β-gal positive. 
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Figure S4. Two VISTA enhancers [2] drove unexpectedly broad expression.  
(a) VISTA enhancer hs671 drove highly specific β-galactosidase expression in the 
developing forebrain of E11.5 mouse embryos after random insertion in the genome 
(images from http://enhancer.lbl.gov). Using the same promoter design, but now driving 
icre in rAAV, we identified widespread expression in the adult mouse brain, including 
extensive staining in the cortex. Red, neutral red. (b) VISTA enhancer hs1218 after 
random-genomic insertion was specific to the midbrain in mouse embryos (images from 
http://enhancer.lbl.gov). Using this MiniP driving icre in rAAV we observed staining in 
the midbrain region of the adult mouse brain, but there was also extensive staining 
throughout the majority of the brain. Each tEMS number indicates a different mouse; 
two mice are shown per construct. Cb, cerebellum; Ctx, cortex; icre; improved cre 
recombinase; LBL, Lawrence Berkeley National Laboratory; Mb, midbrain; MiniP, 
MiniPromoter; RRs, regulatory regions. Blue, β-gal positive. 
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Figure S5. MiniPs Ple67 (FEV RRs), and Ple155 (PCP2 RRs) showed strong regional 
specificity even in the presence of WPRE.  
(a) Ple67-EmGFP (±WPRE; FEV RRs) gave strong expression in the raphe nuclei 
(green). Shown here are the Dorsal Raphe Nuclei. Only rare scattered cells were 
positive in other brain regions. (b) Ple155-EmGFP (±WPRE; PCP2 RRs) gave strong 
expression in the Purkinje cells of the cerebellum (green). Only rare scattered cells were 
positive in other brain regions. (c) Ple264-EmGFP (NR2E1 RRs) gave only rare 
scattered positive cells in any brain region (green). Note that the strong hypothalamus 
expression of the source Ple140 MiniP, when used in knock-in mice, was absent. Each 
tEMS number indicates a different mouse. EmGFP, emerald green fluorescent protein; 
MiniP, MiniPromoter; RRs, regulatory regions; WPRE, woodchuck hepatitis virus post-
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transcriptional regulatory element. Bs, brainstem; Cb, cerebellum; Ctx, cortex; Hipp, 
hippocampus; OB, olfactory bulb; Raphe, raphe nuclei; RMS/SVZ, rostral migratory 
stream / subventricular zone; RRs, regulatory regions; Str, striatum; Th, thalamus. 
 

Figure S6. Six MiniPs drove expression in the cornea.  
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(a) Ple251, Ple253, hs671, Ple302, and Ple303 drove indirect expression of β-
galactosidase detected with X-gal in the corneal stroma, and for Ple251 expression was 
also detected in the corneal epithelium. For two of these, MiniPs, Ple251 and Ple253, 
expression detection depended upon the presence of WPRE. Black arrows, β-gal 
positive (blue); red, neutral red. (b) Ple67 drove expression of EmGFP (green) in the 
corneal stroma. White arrows, EmGFP positive; blue, Hoechst 33342. Each tEMS 
number indicates a different mouse; two mice are shown per construct. EmGFP, 
emerald green fluorescent protein; icre, improved cre recombinase; MiniP, 
MiniPromoter; RRs, regulatory regions; WPRE, woodchuck hepatitis virus post-
transcriptional regulatory element. [Scale bars = 100 μm]. 
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