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An improved method for in vivo electroporation of morpholinos into the adult

zebrafish retina
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Abstract: In vivo electroporation of morpholinos (MOs) into the retina of adult zebrafish is an efficient method to study gene function
related to retinal disease and regeneration. However, the currently reported methods are complicated with low MO transfer efficiency
and high probability to cause collateral damage. The present study was aimed to optimize the existing MO electroporation methods.
Two major changes were made to MO electroporation procedure in zebrafish retina. One was to coat the inner side of the electrode
with ultrasonic gel. The other was to replace the commonly used round electrode with novel rectangular one. The results showed that
the use of ultrasonic gel reduced collateral damage caused by retinal electroporation and simplified the experimental procedure. The
rectangular electrode significantly increased transfection efficiency of MO electroporation. In particular, knocking down the expres-
sion of Asclla in the retina by using our method significantly inhibited the generation of retinal progenitor cells. These results suggest

our method is the optimization of the current MO electroporation methods and may be a better alternative for relevant researchers.
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Fig. 1. Effects of the ultrasonic gel on collateral damage caused by retinal electroporation. Transgenic fish line Tg (1016tubala:GFP)

was used for the experiment. Eyes were sectioned and immunostained for GFP 4 days after electroporation. A4: Electroporation on

uninjured eye without gel; B: Uninjured eye with gel; C: Electroporation on injured eye without gel; D: Injured eye with gel. Scale

bar, 200 um. *, site of poke injury.
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Fig. 2. Effects of the electrode shape on the efficiency of MO electroporation. Wild-type zebrafish received intravitreous MO injec-
tion and were electroporated with the round (4) or rectangular (B) electrode. Four days after electroporation, eyes were sectioned and
imaged under a fluorescence microscope. C: Quantification of the fluorescence intensity. Mean + SD, n = 8. "P < 0.01 vs Round elec-
trode. Scale bar, 100 um. *, site of poke injury. ONL, outer nuclear layer; INL, inner nuclear layer; GCL, ganglion cell layer.
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Fig. 3. Knocking down the expression of Asc/la in the retina using our method. Zebrafish were treated with 0.5 mmol/L control or Asclla
MO injection intravitreously and then electroporated using our optimized method. 4: Representative immunofluorescence images. B:
Statistical results. Mean = SD, n = 10. "P < 0.01 vs Con-MO. Scale bar, 50 um. *, site of poke injury. ONL, outer nuclear layer; INL,

inner nuclear layer; GCL, ganglion cell layer.
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