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SUPPLEMENTAL MATERIAL 

FlipTraps recapitulate endogenous protein localization 

To assess the localization of Citrine fusion proteins, we performed antibody staining to 

compare the expression of Citrine fusion proteins with the endogenous proteins.  One 

challenge of immunohistochemistry experiments is the availability of antibodies that will 

recognize the endogenous zebrafish protein.  To expand the number of comparisons 

possible, we have also compared localization of Citrine fusion proteins with antibody 

staining to endogenous zebrafish proteins that localize to the same subcellular 

compartments as the trap gene. Two examples are shown in Supplemental Figure 3.  

Gt(ctnna-citrine)ct3a is a trap of the -catenin gene, a component of the cadherin-catenin 

complex, co-localizing with E-cadherin and b-catenin in epithelial cells (citation).  

Immunohistochemistry with an antibody to -catenin show the same localization pattern 

as the Ctnna-Citrine fusion protein (Supplemental Figure 3A-C).  Gt(lap2b-citrine)ct3b is a 

trap of the lamina-associated polypeptide 2b (LAP2b).  LAP2 family members localize to 

the inner nuclear membrane.   Immunofluorescence labeling with an antibody to the 

nuclear envelope protein LaminB co-localizes with the LAP2b-Citrine expression 

(Supplemental Figure 3D-F).  The co-localization of the Citrine fusion protein with the 

endogenous protein indicates that FlipTrap fusions are properly localized. 

 

Functional Cerulean-Cre fusion to assess expression of Cre recombinase 

We developed a Cerulean-Cre fusion protein to enable the tracking of Cre recombinase 

expression in the developing embryo.  To stably express Cerulean-Cre in the embryo, 

we have constructed a Tol2-based integration vector that used the ubiquitous beta-
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actin2 promoter to drive expression of Cerulean-Cre (Supplemental Figure 5A).  Using 

this construct, we isolated a stable line, Tg(bactin2:cerulean-cre)ct5000, that exhibited 

ubiquitous Cerulean-Cre expression (Supplemental Figure 5B). Cerulean-Cre fusion 

protein localizes to the nucleus of all cells in the developing embryo (Supplemental 

Figure 5C, E).  Importantly, breeding adult Tg(bactin2:cerulean-cre)ct5000 fish to FlipTrap 

lines results in the recombination of the lox sites, converting Citrine to mCherry fusion 

proteins (Figure 4F-I).  

 

SUPPLEMENTAL MATERIALS AND METHODS 

Construction of FlipTrap vector  

The following pairs of primers were used to perform fusion PCR of the citrine, mCherry, 

-tubulin polyA, rassf8 splice acceptor and donor, lox and FRT sequences to create the 

FlipTrap vector: 

F3-F:5’agtctacgcccccaactgagagaactcaaaggttaccccagttggggcactacatcgattcaggaacctc 

acagactgc-3’ and F3-R: 5’-tcccgggtgaatgtgtagcgaccagttcg-3’,  

F4-F: 5’tcgctacacattcacccgggataacttcgtatagcatacattatacgaagttatccggagtgagcaagggc 

gaggagctg-3’ and F4-R: 5’-acctgtagcccaatgtttgaaggaccggtcttgtacagctcgtccatgc-3’, 

F5-F: 5’-ttcaaacattgggctacaggtgagtgtacctgaagaaagaacacaatttacttacacttacatttcaaacagat-

3’ and F5-R:5’aaaagtagattagttacgtaataacttcgtataaagtatcctatacgaagttatggatccctttgggtag 

tttacaata-3’, 

F6-F: 5’tacgtaactaatctacttttccttcatcccaagtggttggaagccaaacctgccaaagattagtaagcaga-3’ 

and F6-R: 5’-taagatatcaatatccactaaatgtctaaaactg-3’,  
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F7-F: 5’tagtggatattgatatcttacttgtacagctcgtcca-3’ and F7-R:5’atgataatatggccacaaccatgg 

tgagcaagggcgagga-3’  

F8-F:5’-ctcaccatggttgtggccatattatcatc-3’ and F8-R:5’catacattatacgaagttatctagatagct 

gactgagcccctctccctcccccccccctaacgttac-3’.  

 

 

SUPPLEMENTAL FIGURE LEGENDS: 

 

Supplemental Figure 1. Flow-chart for FlipTrap screen 

FlipTrap vector was injected with transposase mRNA (tol2 or Ac) into the one-cell stage 

embryo to generate mosaic F0 adults.  The F0 were crossed to wildtype.   The F1 

embryos are screened for Citrine expression with a fluorescent dissecting scope and 

documented.  Positive citrine embryos were subjected to a secondary screen in which 

the embryos were counter-stained with the vital stain, BodipyTR-methyl ester and 

imaged by confocal microscopy to obtain subcellular localization data.  Because the 

screen is non-invasive, positive F1 embryos can be raised after imaging to establish the 

line.  They were also processed for RACE analysis to identify the trapped genes.  

 

Supplemental Figure 2: Differential spatio-temporal subcellular localization of 

Mapkapk2-Citrine.  

(A, B) Wide-field fluorescence image of Gt(mapkapk2-citrine)ct52b embryo at 26hpf (A) 

and 32hpf (B). Mapkapk2-Citrine is ubiquitously expressed but only heightened in the 

notochord at 26hpf (arrow). (C-H) Confocal image of Gt(mapkapk2-citrine)ct52b embryos 
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counter-stained with bodipyTR-methyl ester (red) at 26hpf (C-E) and 56hpf (F-H). (C, F) 

Mapkapk2-citrine expression in the trunk (D, G) BodipyTR-methyl ester staining the 

trunk. (E, I) Merge of images from C, D and F, G, respectively.  At 26hpf, Mapkapk2-

citrine is localized to the membrane of the vacuolating notochord cells.  The membrane 

localization in the notochord cells is not observed in older, 56hpf embryos. Scale bar, 

20m.  

 

Supplemental Figure 3: Co-localization of Citrine fusion protein with endogenous 

proteins.  

Confocal images of Gt(ctnna-citrine)ct3a (A-C) and Gt(lap2b-citrine)ct3b (D-E) embryos 

immunostained for -catenin (B) and LaminB (E). (A) Ctnna-Citrine expression (green) 

is localized to the cortex of cells.  (B) The pattern of antibody staining for -catenin 

appears similar to that of the Ctnna-Citrine fusion protein (A). (D) LAP2-Citrine 

expression (green) is localized to the nuclear envelope.  (E)The antibody staining of 

LaminB is similar to LAP2-Citrine. (C) and (F) are merged images of (A,B) and (D,E) 

respectively. Scale bar, 20m. 

 

Supplemental Figure 4: Citrine fusions are functional 

(A) 94.2% of FlipTrap lines are viable as homozygous of Citrine fusion (N=122). (B-E) 

Brightfield image of wildtype (B) and three FlipTrap lines (C-E) that exhibit 

developmental defects and are non-viable as homozygous Citrine fusion.  (C) Gt(nt5c2-

citrine)ct103b is a trap of 5'-nucleotidase, cytosolic IIa (nt5c2) in which the FlipTrap vector 
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has inserted between exons 9 and 10 of 18 exons, which disrupts (HAD) domain. (D) 

Gt(dnm1l-citrine)ct111a is a trap of dynamin 1-like (dnm1l) that has inserted between 

exons 10 and 11 of 18 exons and disrupts the dynamin-central domain in Dnm1l. (E) 

Gt(rpl17-citrine)ct122b is a trap of a novel ribosomal protein in which the citrine exon 

creates a fusion protein that disrupts a ribosomal L22 domain that critical for interaction 

with 23S rRNA. Scale bar, 50m. 

 

Supplemental Figure 5: A stable transgene expressing Cerulean-Cre fusion.  

(A) Schematic of ubiquitously expressing Cerulean-cre construction that contains Tol2 

transposable elements (outlined blue rectangle), minimal beta-actin2 promoter (light 

orange) that containing the first two exons of the beta-actin2 gene (orange), and coding 

sequence for cerulean-cre (teal). (B) Wide-field fluorescence image of 

Tg(bactin2:cerulean-cre)ct5000 embryo at 32hpf. (C-D) Confocal image of 

Tg(bactin2:cerulean-cre)ct5000 with expression of Cerulean-cre in the otic vesicle (C) and 

trunk (D) showing nuclear localization of Cre. Scale bar, 20m (C,D) and 50m (B). 

 

Supplemental Figure 6: Cre-lox mediated recombination of FlipTrap in of high 

mobility group AT-hook 2 (hmga2). 

(A,B) Schematic of hmga2 locus with FlipTrap insertion before (A) and after Cre 

recombination (B).   Predicted protein domains of hmga2 gene as determined by Simple 

Modular Architecture Research Tool (SMART) with Citrine (A, green bar) and mCherry 

(B, red bar) protein fusion. AT-hook DNA binding motif are shown as blue ovals. 

Insertion of the FlipTrap vector has occurred between exon 3 and 4.  The Cre induced 
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mutant allele leads to the production of Hmga2-mCherry that retains the three DNA 

binding motif.  (C, D) Wide-field fluorescent image of Gt(hmga-citrine)ct29a (C) and 

Gt(hmga-citrine)ct29aR (D) embryo taken with YFP and RFP filters, respectively. (E, F) 

Confocal image of the otic vesicle in Gt(hmga-citrine)ct29a (E) and Gt(hmga-citrine)ct29aR 

(F) in which the cell membranes are labeled with a membrane localized Cerulean 

protein (blue).  Both the full-length Hmga2-citrine and truncated Hmga2-mCherry fusion 

proteins are localized to the nucleus of the epithelium of the otic vesicle and as 

expected, the Gt(hmga-citrine)ct29aR homozygous embryos are viable. 

 

Supplemental Figure 7: Clathrin heavy chain A is essential for neural and 

vasculature development. 

(A-D) Brightfield image of wildtype (A, C) and homozygous Gt(cltca-citrine)ct116aR (B, D) 

embryos at 32hpf.  (B)Head region of homozygous Gt(cltca-mCherry)ct116aR embryos 

showing a smaller forebrain and midbrain in comparison to wildtype (A).  (D) Tail region 

homozygous Gt(cltca-mCherry)ct116aR embryos show dilated caudal vein (arrow). 

 

 


