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Introduction 

•  RNA editing is a 
neurologically important 
process implicated in 
neurological disease 

•  Mice and flies deficient in 
RNA editing undergo 
seizures and 
neurodegeneration  

Approaches to perturb editing sites using CRISPR-Cas9 

Candidate Sites 

Schematic of how fully edited (left) and fully 
unedited (right) D. melanogaster mutants were 
created through disruption of editing sequences:  
1. Induce point mutations to or around actual editing 
site using homologous directed repair (HDR) 
2. Use non-homologous end-joining (NHEJ) to delete 
intronic editing complementary sequence (ECS), which 
binds with the editing site strand to create double-
stranded RNA structure necessary for ADAR binding 
3. Induce point mutations to exonic ECS using HDR to 
disrupt double-stranded RNA structure required for 
ADAR binding 
 

1. Targeting synonymous mutations to the editing site 2. Disrupting double-stranded RNA structure  

Conclusions and Future Directions 
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•  Goal 1: Characterize functional roles of specific 
RNA editing events by assessing behavioral 
changes in fly mutants with perturbed editing. 
Editing sites chosen based on following criteria: 

Wild-type Fly Brain Adar deficient Fly Brain  

Fig. 7, Palladino et al., 2000 

•  Adenosine-to-Inosine RNA 
editing is a transcriptional 
modification of mRNAs 
catalyzed by enzyme 
Adenosine Deaminase 
Acting on RNA (ADAR) 

1. 

2. 

3. 

Design to create fully edited and unedited mutants 

 

Gene Genetic Changes in 
Editing Mutants  

Gene Description 

 
GluClαlpha 

 
Deletion of intronic 
ECS region (2) 

 
glutamate-gated chloride ion channel 
involved in locomotion, odor sensing, 
and light avoidance at dusk 
 

paralytic (para) Deletion of intronic 
ECS region (2) 

voltage-gated sodium ion channel 
involved in bang-sensitive seizures and 
heat-sensitive paralysis 
  

quiver (qvr) Synonymous changes 
made around editing 
site (1) 

membrane-tethered protein involved in 
sleep and ether-induced twitching 
 

seizure (sei) Synonymous change 
made to editing site (1)  

voltage-gated potassium ion channel 
involved in heat-sensitive paralysis and 
seizing 
  

Ryanodine 
receptor (RyR)  

Synonymous changes 
made around editing 
site and to exonic ECS 
(1 & 3)  

calcium ion channel involved in muscle 
function, locomotion, and anesthesia 
sensitivity 

Characterization of genes and editing sites targeted for mutation 

sei edited and unedited mutant oligonucleotide sequences 

•  Nucleotide and corresponding amino acid sequences of 
wild-type, edited, and unedited oligonucleotides used to 
make sei editing mutants by targeting synonymous 
mutations to the editing site. 

a = sgRNA binding site 
a = editing site 
a = nonsynonymous changes  
a = synonymous changes 
A = edited amino acid  

•  Sanger 
sequencing 
verifies changes 
made to genome 
of sei unedited 
mutant (editing 
site highlighted  
in blue) 

Editing Site 

Remove Intronic ECS  
 

Editing Site 

GluClαlpha ECS deletion mutant RNA 
structure disruption  

•  Not always able to 
create unedited mutant 
by inducing 
synonymous mutations  
 
•  Disrupt double-
stranded RNA structure 
by removing 
GluClαlpha intronic 
ECS region 
(rectangular area) , 
preventing ADAR from 
binding to site 

•  RNA editing was perturbed at candidate sites 
•  GluClαlpha unedited mutants showed RNA expression 

differences in locomotor-related genes, but phenotypic 
defects were not detected in editing mutants  

•  Knockdown of ADAR in glial cells revealed reduced 
climbing activity in flies 

•  Our findings show that editing produces a phenotypic 
response by regulation of all sites within a tissue; such 
phenotypes were not produced by perturbing the 
individual candidate sites tested here across tissues 

•  In the future, we plan to: 
1.  Use the “Fly Bowl” quantification system 

to examine subtler behaviors in editing 
mutants 

2.  Continue to perturb editing at candidate 
sites in both coding and non-coding 
regions 

3.  Perform phenotypic experiments that 
examine age-dependent 
neurodegeneration in repo-driven ADAR 
knockdown mutants 

 

ADAR knockdown in glial cells reveals climbing defect 

1.  Nishikura, K. Functions and regulation of RNA editing by ADAR 
deaminases. Annu. Rev. Biochem. 79, 321–49 (2010). 

2.  Hoopengardner, B., Bhalla, T., Staber, C. &amp; Reenan, R. Nervous 
system targets of RNA editing identified by comparative genomics. 
Science 301, 832–836 (2003). 

3.  Palladino, M. J., Keegan, L. P., Connell, M. A. O. &amp; Reenan, R. A. 
A-to- I Pre-mRNA Editing in Drosophila Is Primarily Involved in Adult 
Nervous System Function and Integrity. 102, 437–449 (2000). 

4.  Ren, X., Sun, J., Housden, B. E., Hu, Y., Roesel, C., Lin, S., &amp; 
Liu, L. Optimized gene editing technology for Drosophila melanogaster 
using germ line-specific. doi/10.1073/pnas.1318481110 (2013).  

•  Goal 2: As editing is differentially expressed across the 
nervous system, use tissue-specific knockdown of 
ADAR to examine the relationship between editing in 
neuronal cells and fly behavior 

•  UAS-Gal4 RNAi system used to knockdown ADAR, and 
therefore A-to-I RNA editing, in specific neuronal cells types 

•  Previous experiments focused on neurons exclusively  
•  Flies with ADAR knockdown in glial cells (repo) exhibit 

reduced climbing activity   

 

 
 

*

qvr editing mutants demonstrate normal sleep behaviors 

•  Sleep profiles of 
qvr editing 
mutants show 
rest and wake 
cycles similar to 
controls 

•  qvr is a membrane-tethered protein required for sleep 
•  qvr editing mutants were examined for different sleep 

qualities  

•  Total sleep duration 
episodes in a 24 
hour period, light 
period, and dark 
period do not differ 
between qvr editing 
mutants and 
controls 
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Negative Geotaxis assay to test climbing ability of knockdown mutants 

Sanger sequencing of sei unedited mutant 

Sleep (per 30 min interval) 

Total Sleep Duration (min) 

Editing mutants do not exhibit behavioral defects in climbing 

GluClαlpha ECS deletion mutant shows differential expression 

•  GluClalpha expression 
and splicing are 
unaffected (RNAseq/
Cufflinks),   so gene 
function is not altered 

	
•  Heatmap of 

significantly different 
gene sets in 
GluClαlpha ECS 
deletion mutant 

•  Gene sets include 
muscle/motor-related 
genes and oxidative 
phrosphorylation-
related genes (not 
shown) 

•  Editing abolished 
in 2 GluClαlpha 
sites by deleting 
the intronic ECS 

Negative Geotaxis assay to test climbing ability of all edited and 
unedited mutants  

 

•  Adar null mutants exhibit climbing defects 
•  No climbing behavior defect observed in any of the 

editing mutants  

1. 


