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	3. Outline
1.RN A Editing
2.Function  of RNA Editing
3.Evolution of RNA Editing
4.Editing by insertion or deletion
5.Editing by deamination
5.1 C-to-U editing
5.2 A-to-I editing
6.RNA editing in plant mitochondria and plastids
7.Origin and evolution of RNA editing
8.Functions of RNA Editing
9.RNA editing may be involved in RNA degradation
10.Signiflcance of RNA editing
11.Mechanism Of Editing
12. Strength, weakness and future of RNA editing
13.Case study
14 .References
 


	4. 1. RNA editing
Definition:  Any process, other than splicing, that results in a change in the sequence
of a RNA transcript such that it differs from the sequence of the DNA template.
 Relatively rare
 First considered a bizarre relic; now recognized as widespread.
 RNA editing is a process in which information change at the level of mRNA. It is
revealed by situations in which the coding sequence in an RNA differs from the
sequence of DNA from which it was transcribed.
 Editing events may include the insertion, deletion, and base substitution of
nucleotides within the edited RNA molecule.
 RNA editing occurs in the cell nucleus and cytosol, as well as within
mitochondria and plastids.
 Also occurs in a few chloroplast genes of plants, and at least a few nuclear genes
in mammals.
 RNA editing has been reported in:
Protozoa, plants and mammals, not yet fungi or prokaryotes; nuclear, mitochondrial,
chloroplast, and viral RNAs; mRNA, tRNA, rRNA.
 


	5. L. Simpson
Discovered in  trypanosome mitochondria.
K. Stuart
 


	6. Two general types:
a)  Base modification (deaminase)
A to I double-stranded mechanism, seen in viruses, human
genes.
C to U, U to C seen in chloroplasts, plant mitochondria,
human genes.
b) Insertion/deletion
U insertion/deletion, seen in kinetoplastid protozoa
mono/di nucleotide insertion, seen in Physarum
nucleotide replacement, seen in Acanthamoeba
tRNAs
 


	7. Charles E. Samuel  J. Biol. Chem. 2003;278:1389-1390
Function of RNA editing by deamination
 



	9. RNA editing happens  after transcription.
1. Unedited found with edited
2. It happens also in Poly(A) tail
The mechanism of editing:3’ to 5’ end
clue: partial edit only at but not 5’ end
 


	10. • RNA editing  through the addition and deletion
of uracil has been found in kinetoplasts from the
mitochondria of Trypanosoma brucei.
• Because this may involve a large fraction of the sites in a
gene, it is sometimes called "pan-editing" to distinguish it
from typical editing of one or a few sites.
• Pan-editing starts with the base-pairing of the unedited
primary transcript with a guide RNA (gRNA), which
contains complementary sequences to the regions around
the insertion/deletion points.
• The newly formed double-stranded region is then
enveloped by an editosome, a large multi-protein complex
that catalyzes the editing.
 


	11. • The editosome  opens the transcript at the first mismatched
nucleotide and starts inserting uridines.
• The inserted uridines will base-pair with the guide RNA, and
insertion will continue as long as A or G is present in the guide
RNA and will stop when a C or U is encountered.
• The inserted nucleotides cause a frameshift and result in a
translated protein that differs from its gene.
• The mechanism of the editosome involves an endonucleolytic
cut at the mismatch point between the guide RNA and the
unedited transcript.
• The next step is catalyzed by one of the enzymes in the complex,
a terminal U-transferase, which adds Us from UTP at the 3’ end
of the mRNA.
 


	12. • Another enzyme,  a U-specific exoribonuclease, removes the
unpaired Us.
• After editing has made mRNA complementary to gRNA, an RNA
ligase rejoins the ends of the edited mRNA transcript.
• As a consequence, the editosome can edit only in a 3’ to 5’
direction along the primary RNA transcript.
• The complex can act on only a single guide RNA at a time.
Therefore, a RNA transcript requiring extensive editing will need
more than one guide RNA and editosome complex.
 



	14. Guide RNA (gRNA)
•  Guide RNAs (gRNAs) direct editing
– gRNAs are small (40-70 nt) and complementary to portions of the mRNA
– Structural elements: anchor, informational part and Oligo(U)tail
– Base-pairing of gRNA with unedited RNA gives mismatched regions,
which are recognized by the editing machinery
– Machinery includes an Endonuclease, a Terminal Uridylyl Transferase
(TUTase),and a RNA ligase
• Editing is directional, from 3’ to 5’
In general, RNA editing mechanisms
are based on protein or protein-RNA
complexes and require a “guide RNA”
molecule, which, through base-pairing
with the target RNA, determines the
editing site.
14
 



	16. EDITING IS CATALYZED  BY A MULTIPROTEIN COMPLEX
 Editing is catalyzed by a multiprotein complexes that have not been fully defined yet.
A
complex has been purified from glycerol gradients that contains the four key enzyme
activities: 20S editosome
 Endonuclease: cleavage in vitro occurs at an unpaired nucleotide immediately
upstream of the gRNA-mRNA anchor duplex.
 Exonuclease: exoUase removes non-base-paired U nucleotides after cleavage of
deletion editing sites
 TUTase:In insertion editing, Us are added to the 3’ end of the 5’ pre-mRNA
fragment by a terminal uridyl transferase as specified by the gRNA.
 RNA ligase: the natural editing ligase substrates are nicked dsRNAs that are
completely base-paired after the correct addition or removal of U nucleotides
 Helicase: each gRNA must be displaced from the sequence that it creates to enable
binding by the subsequent gRNA and also from the mRNA completely before translation
 Other 20S editosome proteins
 


	17. • The editing  involves cytidine deaminase that deaminates a
cytidine base into a uridine base.
• An example of C-to-U editing is with the apolipoprotein B gene in
humans.
• Apo B100 is expressed in the liver and apo B48 is expressed in
the intestines.
• The B100 form has a CAA sequence that is edited to UAA, a stop
codon, in the intestines. It is unedited in the liver.
 


	18. THE EDITOSOME COMPLEX
  


	19. The Effect of  C-U RNA Editing on the Human ApoB gene
 





	23. Fig: Substrates of  ADARs
Yang Y, Zhou X X, Jin Y F. ADAR-mediated RNA editing in non-coding RNA sequences. Sci China Life Sci,
2013, 56: 944–952,
A-to-I RNA editing sites also abundantly
occur in Intronic regions as well as
in 3′-UTRs.
A-to-I RNA editing: two forms - Promiscuous and Specific
 The promiscuous Occurs within longer duplexes of hundreds of nucleotides
(e.g., Alu elements). Up to 60% of adenosines could be edited.
 The specific Occurs in short and/or unstable duplex RNA regions. Up to10%
of their adenosines selectively could undergo deamination. eg. A-to-I RNA editing in
miRNA.
 


	24. Annu Rev Biochem.(December  2010)
Deamination of
adenosine
to inosine by ADAR.
Fig: a) A hydrolytic deamination reaction converts adenosine to inosine.
b) Adenosine base-pairs with uridine whereas, by contrast, inosine base-pairs, as if it
were guanosine, in a Watson–Crick-bonding configuration with cytidine.
 Inosine largely behaves
like a guanosine in RNA
folding and is also
interpreted as G by the
translation machinery.
24
 


	25. Examples of A-to-I  editing
 


	26. Green Glow Shows  RNA Editing in Real Time
Glowing genes: White arrows show
hot spots of ADAR activation
Researchers have devised a technique for seeing RNA editing process in real time—the
corrected strand gives off a green glow—and even for the restoration of functionality
report Nature Methods 9, 189–194 (2012)
Reenan and colleagues produced fruit flies that included an altered version of the gene for
the GFP. The protein product of their genetic construct would not glow—until it was first
repaired by ADAR Nature Methods 9, 189–194 (2012)
Because the technique actually repairs an error and restores a function, it suggests promise
for gene therapy-based treatments—but at the RNA rather than DNA level. Such treatment
would target transcription mistakes, which may contribute to diseases such as epilepsy,
schizophrenia and suicidal depression.
26
 


	27. RNA editing may  be involved in RNA degradation
A study looked at the involvement of RNA editing in RNA
degradation. The researchers specifically looked at the
interaction between ADAR and UPF1, an enzyme involved in
the nonsense-mediated mRNA decay pathway (NMD). They
found that ADAR and UPF1 are found within the
suprasliceosome and they form a complex that leads to the
down-regulation of specific genes. The exact mechanism or
the exact pathways that these two are involved in are
unknown at this time. The only fact that this research has
shown is that they form a complex and down-regulate specific
genes.
 


	28. Significance of RNA  Editing
It is essential in regulating gene expression of
organisms.
RNA editing mutant was reported with strong
defects in organelle development.
Deficiency causes diseases.
It is a mechanism to increase the number of
different proteins available without the need to
increase the number of genes in the genome.
May help protect the genome against some
viruses.
 


	29. CASE STUDY
  



	31. Hypothesis: Novel mitochondrial  RNA editing factor SLO2,
the presumed ROS increase upon mETC dysfunction, and
ROS involvement in stress response.
Objective of the study: To examine the role of SLO2 in
plant stress tolerance i.e. SLO2 is necessary for maintaining
plant response to ethylene, ABA, biotic, and abiotic stress,
and plays a unique role therein.
Target: SLO2 gene or SLOW GROWTH 2 gene
[Pentatricopeptide repeat (PPR) proteins play a major role
therein (Saha et al., 2007; Schmitz- Linneweber and Small,
2008]
 


	32. ABSTRACT
Recently, we reported  that the novel mitochondrial RNA editing factor SLO2 is essential for
mitochondrial electron transport, and vital for plant growth through regulation of carbon and
energy metabolism. Here, we show that mutation in SLO2 causes hypersensitivity to ABA and
insensitivity to ethylene, suggesting a link with stress responses.
Indeed, slo2 mutants are hypersensitive to salt and osmotic stress during the germination
stage, while adult plants show increased drought and salt tolerance. Moreover, slo2 mutants
are more susceptible to Botrytis cinerea infection.
An increased expression of nuclear-encoded stress-responsive genes, as well as mitochondrial-
encoded NAD genes of complex I and genes of the alternative respiratory pathway, was
observed in slo2 mutants, further enhanced by ABA treatment. In addition, H2O2
accumulation and altered amino acid levels were recorded in slo2 mutants. We conclude that
SLO2 is required for plant sensitivity to ABA, ethylene, biotic, and abiotic stress. Although two
stress-related RNA editing factors were reported very recently, this study demonstrates a
unique role of SLO2, and further supports a link between
mitochondrial RNA editing events and stress response.
 


	33. METHODS
1. Plant Growth  and Treatments
2. Germination Assays
3. qRT–PCR Analysis
4. ABA Determinations
5. Expression Pattern Analysis
6. Photorespiration Measurements
7. Chlorophyll and Stomatal Aperture Measurements
8. ROS Detection
9. Botrytis Infection
10. Microarray Analysis
11. Amino Acid Analysis
12. Accession Number(Sequence data from this article can be found in the Arabidopsis Genome
Initiative or GenBank databases under the following accession number: SLO2 (At2g13600).
 


	34. RESULTS
a. Expression of  the SLO2 Gene
b. Loss of Function of SLO2 Reduces Sensitivity to Ethylene
c. slo2 Mutants Are Hypersensitive to ABA at the Germination and Early Seedling Stages
d. slo2 Mutants Have An Altered Sensitivity to Various Abiotic Stresses
e. Salt and Osmotic Stress Affects Mutant Seed Germination through an ABA-Dependent
Process
f. slo2 Mutants Are More Susceptible to Botrytis cinerea
g. Expression Profiles of ABA-Responsive Genes
h. Expression Levels of Mitochondrial Complex I Subunit Genes Are Elevated in slo2 Mutants
i. Expression Profiles of Alternative Respiratory Pathway Transcripts Are Strongly Up-
Regulated in slo2 in Response to ABA
j. slo2 Mutants Accumulate Reactive Oxygen Species (ROS)
k. Amino Acid Changes in slo2 Mutants
l. Global Gene Expression Changes in slo2 Mutants
 


	35. a. Expression of  the SLO2 Gene
A, Whole mount in-situ hybridization for SLO2 in leaves. Upper panel shows representative
leaves of an individual plant. Lower two panels show leaves hybridized with antisense or sense
probe. Bar=5 mm. (The strongest expression of SLO2 was found in the first pair of true leaves)
B, Whole mount in-situ hybridization for SLO2 transcript in lateral root primordia. Right panels
are the negative control with sense probe and left panels are with antisense probe. Lateral root
primordia were induced for 3 days with 10 μM NAA after 5 days of growth. Arrows indicate the
positive signal.(In roots, SLO2 was expressed in the meristematic zone of primary roots, and in
emerging lateral roots, suggesting a possible role for SLO2 in root growth)
 


	36. C, Histochemical GUS  analysis of SLO2 promoter activity. The pictures represent transgenic
individuals after histochemical GUS staining. i. Root of 11-day-old seedling, ii. silique, iii.
flower. Scale bar= 0.1 mm.
 


	37. D, Realtime PCR  analysis of SLO2 transcripts in response to ABA, NaCl, JA, Mannitol and
MethylViologen at different times after treatment. The gene expression levels in Col-0 at time
point 0 were set as 1. Three biological repeats were performed. Data represent mean values ±
SD.(checked SLO2 transcription levels using real-time RT–PCR, data confirmed that SLO2
is not responsive to any of these treatments at the transcriptional level)
 


	38. b. Loss of  Function of SLO2 Reduces Sensitivity to Ethylene
 


	39. c. slo2 Mutants  Are Hypersensitive to ABA at the Germination and Early Seedling Stages
ABA and ethylene function antagonistically, as most ABA insensitive mutants show enhanced
Sensitivity to ethylene and vice versa (Gazzarrini and McCourt, 2001)
(A) Germination time courses of Col-0 and slo2-1 mutant.
Average values ± SD from three independent experiments are
presented.(Germination of slo2 on 0.5 ｵM ABA was delayed
compared to that of Col-0)
(B) Growth status of Col-0 and slo2 mutants on growth
medium with or without 0.3 μM ABA. Pictures were taken 7 d
after germination.(the post-germination growth of slo2
mutants confirmed the hypersensitivity to ABA reflected by a
delay in seedling development )
(C) Statistical analysis of the percentage of green and open
cotyledons shown in (B). Data represent the mean ± SD of
three independent experiments, each with n > 40.
 


	40. (D) Root growth  assay of Col-0 and slo2 mutants on medium with or without 10 μM
ABA. Three-day-old seedlings grown on germination medium were transferred to
medium with or without 10 μM ABA. Pictures were taken after 7 d.
 


	41. (E) Relative root  growth of seedlings shown in (D). Relative root growth reflects the root length in the
presence of ABA expressed as a percentage of root length in the absence of ABA. Standard errors are
presented (n > 40). Data represent the mean ± SD of three independent measurements. * p < 0.05.
(F) Root bent assay. Four-day-old seedlings were transferred to medium with or without ABA, and plants
were grown reversely for 7 d.
(G) Relative root growth of seedlings shown in (F). Relative root growth reflects the root length in the
presence of ABA expressed as a percentage of the root length in the absence of ABA. Data represent the
mean ± SD of three independent experiments, each with n > 40. **p < 0.01.
 


	42. Quantitative analysis of  ABA in seeds
Quantitative analysis of ABA in seeds. ABA quantification on 5 mg seeds
 


	43. d. slo2 Mutants  Have An Altered Sensitivity to Various Abiotic Stresses
Tested the effect of NaCl and sorbitol on the slo2 growth
slo2 Mutants Are Hypersensitive to Salt and Osmotic Stress at Germination and Early Growth Stages.
(A) Seedling growth of slo2 is inhibited by salt and osmotic stress. Col-0 and three slo2 alleles were grown on medium with
or without stress factors for 7 d. Right panel: relative root growth, reflecting root length in the presence of NaCl or
sorbitol expressed as a percentage of root length in the absence of NaCl or sorbitol. Values are means ± SD (n ≥ 15). * p
< 0.05. (On control medium, slo2 seedlings exhibit much shorter roots than the wild-type. On medium containing salt
or sorbitol, slo2 mutants showed hypersensitivity reflected in impaired shoot growth and root length)
 


	44. (B) Germination time  course assay. Col-0 and three slo2 mutants were grown on medium with or
without stress factors. Values are means ± SD from three independent experiments. The seedling
growth status is shown on the right.
 


	45. (A) Growth status  of Col-0 and three slo2 alleles before and after drought treatment. 1-
month-old plants were grown in soil in the same container, withheld from water for 10
d.(After interruption of watering for 10 d, all Col-0 plants were wilted and dead, while the
three slo2 alleles survived and appeared healthy)
Drought and Salt Tolerance of Col-0 and slo2 Mutants.
 


	46. (B) Stomatal aperture  of Col-0 and three slo2 alleles. Lower epidermis from 1-month-old
plants were peeled off and used for microscopic observation.(the stomatal apertures in the
three slo2 alleles were reduced as compared to Col-0)
(C) Statistical analysis of stomatal aperture. Data are mean ratios of width to length ± SD (n >
30). * p < 0.05.
 


	47. A.Statistical analysis of  stomatal density in the abaxial epidermis of rosette leaves of Col-0 and 3
slo2 alleles. Stomatal densities were determined by light microscopy from leaf imprints of 7
individual wild‐type and mutant plants, respectively. *, p<0.05;(the stomatal densities
were increased)
B.Water loss from detached leaves of wild-type and 3 slo2 alleles. Water loss is expressed as the
percentage of initial fresh weight. Values are means ± SD from four independent
experiments.(Water-loss experiments demonstrated that Col-0 and slo2 mutants show similar
water-loss curves. Because the significant reduction of stomatal aperture in slo2 mutants is
compensated by the increased stomatal density.)
Stomatal density and water loss assay of Col-0 and slo2 mutants.
 


	48. (D) Growth status  of Col-0 and three slo2 alleles with or without salt treatment. 1-month-old
plants were watered with 100 mM NaCl for 4 d, 200 mM NaCl for 4 d, and finally 300 mM
NaCl for 6 d.
(E) Relative chlorophyll content measurement, which means chlorophyll level in the presence
of NaCl expressed as a percentage of chlorophyll level in the absence of NaCl. * p < 0.05.
These results clearly demonstrate that SLO2 is implicated in plant tolerance to abiotic stress.
 


	49. e. Salt and  Osmotic Stress Affects Mutant Seed Germination through an ABA-Dependent
Process
Effect of the ABA Biosynthesis
Inhibitor NF (Norflurazone) on
Germination of slo2 Mutants
under NaCl and Osmotic Stress.
Germination of Col-0 and slo2
mutant seeds on medium
containing 100 mM NaCl or 300
mM sorbitol with or without 100
μM NF. Seed germination rate
was scored at day 5 and day 8
after transfer to the growth
chamber, respectively. Data are
mean ratios ± SD (n > 100).
These results further confirmed that salt and
osmotic stress exert their inhibitory effects on
germination of slo2 through an ABA-
dependent pathway.
 


	50. f. slo2 Mutants  Are More Susceptible to Botrytis cinerea
 ABA and ethylene are involved in both biotic and abiotic stress responses (Baena-Gonzalez and Sheen,
2008; Cutler et al., 2010).
 Exogenous ABA can increase plant susceptibility to the necrotrophic pathogen B. cinerea (Audenaert et
al., 2002).
 Increased necrosis at infection sites, and quick leaf decomposition.
These results show that mutation in SLO2 not only affects abiotic stress responses, but also affects plant
tolerance to necrotrophic pathogens, like B. cinerea.
(A) Disease symptoms of Col-0, three slo2 mutants, and two complemented lines. Plants were sprayed with 1
× 104 B. cinerea spores ml–1 in PDB, or mock-treated with PDB. Pictures were taken 14 d after inoculation.
 


	51. This observation was  confirmed in an independent disease assay by determining the percentage
of infected leaves at several days post inoculation. These results show that mutation in SLO2
not only affects abiotic stress responses, but also affects plant tolerance to necrotrophic
pathogens, like B. cinerea.
Statistical analysis of Botrytis-infected leaves. Plants were sprayed with a concentration of 5 × 107 B. cinerea spores ml–1 in
PDB solution, and percentage infected leaves were scored at different time points. Wild-type and slo2-1 mutant in Col-0
background are shown. Three independent experiments with about 60 leaves per line per experiment were performed, with
similar results. Data represent mean values and standard errors (SE).
 


	52. g. Expression Profiles  of ABA-Responsive Genes
The above-mentioned results indicated that SLO2 may be linked to the ABA-dependent stress signaling
pathway. Many genes responding to ABA and/or abiotic stress have been used as markers to monitor stress
response pathways, such as ABRE binding factor 3 (ABF3), ABRE binding factor 4 (ABF4), C-repeat-binding
factor 1/dehydration-responsive element-binding factor 1b (CBF1/DREB1b), and dehydration responsive
element-binding factor 2b (DREB2b) (Yamaguchi- Shinozaki and Shinozaki, 2005, 2006). To examine whether
the expression of ABA/stress-responsive genes might be affected by loss of function of SLO2, we compared
the expression levels of ABF3, ABF4, CBF1/DREB1b, RAB18, and DREB2b, in wild-type and slo2 mutants.
We concluded that, in general, slo2 mutants have enhanced expression of ABA and stress-related genes in
response to ABA signaling.
 


	53. Expression of ABA-responsive  genes after ABA treatment. Seven-day-old seedlings were incubated with 100 μM ABA for
different times as indicated. The gene expression levels in Col-0 at time point 0 were set as 1. Three biological repeats were
performed. Data represent mean values ± SD. * p < 0.05; ** p < 0.01.
 


	54. j. slo2 Mutants  Accumulate Reactive Oxygen Species (ROS)
Expression of SLO2 in the
complemented lines qRT-PCR was
performed using SLO2 specific
primers. The mean values of the
relative fold changes are shown. The
expression of genes in the wild-type
was set to 1. Three biological
repeats were performed. Data
represent mean values ±SD. **,
p<0.01.
Inhibition of the mETC leads to H2O2 accumulation (Liu et al., 2010). Since mutation of SLO2
causes a drastic reduction of complexes I, III, and IV of the mETC (Zhuet al., 2012a), we
assumed that ROS levels may be elevated in mutants.
2,7-dichlorofluorescein diacetate (H2DCF-DA) staining.
 


	55. (A) slo2 mutants  contain a higher
concentration of H2O2. Four-
week-old wild-type, slo2 mutants,
and two complemented lines
were stained with
the DCFH-DA method and viewed
under a fluorescence microscope.
(B) Quantitative measurement of
H2O2 content in Col-0, three slo2
alleles, and two complemented
lines. Data represent the mean ±
SD of three
independent measurements. * p
< 0.05.
 


	56. k. Amino Acid  Changes in slo2 Mutants
assayed the amino acid content by GC–MS (Baker et al., 2006).
 


	57. Recently, we characterized  the PPR protein SLO2, which acts as a mitochondrial RNA editing
factor, and plays a vital role in Arabidopsis growth through regulation of energy metabolism
(Zhu et al., 2012a). slo2 mutants exhibit retarded leaf emergence, restricted root and shoot
growth, and late flowering.
These phenotypes are suppressed by supplying sugars, increasing light dosage or CO2
concentration. Mutation in SLO2 leads to seven RNA editing changes, with RNA editing
defects in sites mttB-144, mttB-145, nad4L-110, and nad7-739 resulting in four amino acid
changes in polypeptides, and RNA editing efficiency changes in mttB-666, nad1-2, and nad1-40
(Zhu et al., 2012a). In addition, the abundance of complexes I, III, and IV are much reduced in
slo2 mutants.
PROBLEMS
 


	58. Discussion
In this study,  we showed that loss of function of SLO2 results in an altered sensitivity to ABA and
ethylene, and altered tolerance to salt and osmotic stresses. Although the functional mechanism
remains to be investigated, it can be inferred that SLO2 is required to maintain sensitivity to
ABA, ethylene, biotic, and abiotic stress.
CONCLUSION
First, we demonstrated that mutation in SLO2 leads to altered response to the plant hormones
ethylene and ABA, as well as to biotic and abiotic stress. Furthermore, we showed that slo2
mutants suffer from internal oxidative stress, reflected by H2O2 accumulation. Consequently,
broad changes in the nuclear transcriptome related to both growth and stress responses were
identified in slo2. In addition, after ABA treatment, slo2 mutants exhibited various phenotypic
changes, and alterations in the expression pattern of nuclear and mitochondrial genes
compared to wild-type. Our results indicate that SLO2 is necessary for maintaining plant
response to ethylene, ABA, biotic, and abiotic stress, and plays a unique role therein.
 


	59. Major Strength in  RNA Editing Research:
RE has been integrated into biological networks of gene expression,
regulatory pathways and genome evolution.
Major weakness in RNA Editing Research:
1. How RE activity is globally regulated is unknown.
2. Many editing site in human transcriptome remains to be discovered.
3. Monitoring of global activity of RE in-vivo is rare.
Major future RNA Editing Research challenges:
1. Delineation of physiological significance of particular editing events
identified in tumor, neuronal tissues and brain or other specialized organ.
2. Molecular mechanisms on how RE affect the expression or functions of
many genes through the alteration of codon, splice pattern, stability or localization of
protein coding transcripts, modulation of regulatory RNA biogenesis and function.
3. Monitoring of global activity of RE in-vivo as a useful early
biomarker for patient with disease.
4. Therapeutic applications.
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	61. Nature Biotechnology: How  has RNA-seq been used to study RNA editing?
Xinshu Grace Xiao: The basic concept is quite simple. A mismatch between a genomic DNA
sequence and an RNA transcribed from it is called a candidate RNA editing event if it is not a
DNA variant or the result of a sequencing error. Therefore, most approaches involve mapping
the RNA-seq reads to a genome, comparing DNA and RNA sequences and calling an RNA editing
event. However, these seemingly straightforward steps are not as simple as they appear to be.
Close attention must be paid to achieve accurate mapping of the reads and effective removal of
potential false positives that result from various artifacts or errors.
What are the advantages of RNA-seq?
H. Hundley: The ability to detect editing events in a large number of cellular targets makes
identification of trends in editing patterns moreapparent. Also, the methods can identify
editing events that are rare, such as the small percentage of editing events present in miRNAs.
 


	62. What barriers are  there to wide adoption of high-throughput sequencing?
B. Bass: High-throughput sequencing– based approaches are being widely adopted
to answer questions that require a genomewide approach, such as “How many miRNAs
are edited?” or “How many editing sites are there in human brain?” or “How many editing
sites are there in plant mitochondria RNA?”
However, most long-time researchers in the RNA editing field are focused on questions
that are less amenable to these approaches— specifically, the biological implications of a
single editing event in a certain mRNA, or the mechanism by which a certain type of editing
is catalyzed by a specific enzyme.
What notable contributions have these approaches made so far?
Zhiyu Peng: We have learned that RNA editing may play an important role in human disease.
For example, researchers found that two new RNA editing events alter amino acid sequence
of COG3 and SRP9, and showed the possible important role of RNA editing plays in breast
cancer4.
What sources of error confound variant calling in RNA-seq data?
J.B. Li: Based on our experience, mapping error is the main source, although sequencing errors
inevitably affect accuracy. Once the reads are actually mapped, the challenge is to distinguish
RNA editing events from genomic SNPs.
 


	63. Are these sources  of error unique to RNA editing analysis?
Li Yang: Compared with SNP [single-nucleotide
polymorphism] calling, most of these sources of error are
similar, except for some features derived from transcriptional
processes.
For example, some alignment errors, such as the incorrect
alignment at RNA splicing junctions, are unique to RNA
editing analysis. In addition, genes can be disproportionately
transcribed from sister chromosomes and from heterozygous
variant sites. In these cases, a genomic variant can be easily
misinterpreted as a potential RNA editing site.
 


	64. How are these  problems being addressed?
J.B. Li: I believe that, in most cases, distinct approaches need to be developed for different
problems. However, some unified efforts, such as accurate mapping of RNA-seq reads, can be
generalized to different challenges where RNA-seq read mapping is a critical component.
What kinds of new technologies are needed?
J. Pickrell: Sequencing technologies that both provide long reads (thus avoiding many of
the read mapping issues) and perform direct sequencing of RNA (rather than converting to
cDNA) would dramatically decrease the false positive rates in these sorts of studies.
What issues are most important for the field going forward?
J.B. Li: The devil is in the details. This is very true in the recent debate on the RNA editing
work. The multitude of existing RNA-seq read mapping tools, while seemingly sufficient for
most applications of RNA-seq (for example, to gene expression levels, splicing junctions and
fusion genes), perform poorly when challenged to look for single-base mismatches, such as
RNA editing sites. A deeper understanding of computation, technology and biology can
only be achieved by two-way communication between computational biologists and
experimentalists.
Interviewed by H. Craig Mak, Associate Editor,
Nature Biotechnology
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