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Localization of specific mRNA molecules within large and diverse sample sets is often hampered by the 
limitations of traditional in situ hybridization (ISH) methods. RNAscope ISH is an improved method for 
localizing mRNA molecules more specifically, more rapidly, and with greater sensitivity than previously 
possible with conventional ISH methods. RNAscope ISH utilizes pairs of ‘Z-probes’ that are highly 
specific to target genes and yet are small enough to readily diffuse into tissue sections. Each Z-probe is 
comprised of a unique region of around 25 bases that is complementary to the mRNA of interest, a short 
linker region, and one half of a split ‘PreAmp’ binding site. The successful hybridization of both 
members of a Z-probe pair side-by-side on a target mRNA allows the binding of a PreAmp molecule 
(Fig. 1). Bound PreAmp molecules allow the binding of Amp molecules, which in turn allow binding of 
label molecules, which either catalyze the deposition of chromogen (e.g., DAB) or are directly detected 
by microscopy (e.g., fluorescein) [1]. The signal detected by microscopy is thus both highly specific and 
highly amplified.  
The RNAscope method was originally developed and marketed for use in human clinical tissues; this 
method had not been tested for compatibility with plant tissues. As a proof-of-concept, two probes were 
developed for genes whose expression patterns in maize leaf had already been reported in the literature 
[2,3]. Using the RNAscope ISH method, mRNA for PEPC, a well-characterized C4 photosynthetic 
enzyme, was detected primarily in the mesophyll cells of the maize leaf, as expected (Fig. 2A). PEPCK 
mRNA, a similarly well-characterized photosynthetic enzyme, was localized almost exclusively to the 
bundle sheath cells, also as expected (Fig. 2B). The successful localization of these two genes in 
precisely the locations reported in the literature demonstrates the applicability of the RNAscope ISH 
method to plant tissue sections. In addition, in the PEPCK sections, the signal level is nearly ideal, 
demonstrating the potential for quantification of the expression of genes by RNAscope ISH if the signal 
levels are within a certain range.  

The RNAscope method has also been adapted for use with the Ventana Discovery Ultra automated slide 
staining system (Fig. 3). The use of this automated staining platform to localize mRNA expression 
patterns allows for a much more flexible workflow for the rather lengthy (8-10 hour) RNAscope staining 
protocol, as well as increased repeatability by reducing human-induced variability. The probes 
mentioned above, PEPC and PEPCK, were tested on the Ventana stainer and labeling comparable to the 
manual method was achieved.  

In conclusion, The RNAscope ISH method yields highly sensitive and specific mRNA expression 
localizations on conventional paraffin-embedded sections of plant tissues. Also, the short turn-around 
time for the design and synthesis of the probes allows for completion of in situ hybridization 
experiments in just a few weeks after initial conception. Finally, the ability of the method to be 
automated by the Ventana Discovery Ultra slide stainer allows for maximal repeatability and minimal 
human-induced error in these lengthy protocols.  
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Figure 1. The RNAscope in situ hybridization method. Pairs of gene-specific probes are applied to a 
tissue section and allowed to hybridize with their complementary mRNA. The juxatposition of both 
halves of the probe pair allow the binding of PreAMP molecules. The PreAMP molecules act as 
scaffolds for the assembly of AMP molecles. AMP molecules bind label molecules which can catalyze 
deposition of colored products (e.g., HRP and AP) or are directly detectable by fluorescence. [1] 

  
Figure 2. RNAscope detection of two different mRNA expression patterns on maize leaf cross sections. 
A.) A high level of PEPC mRNA expression was detected in leaf mesophyll cells. B.) In contrast, 
PEPCK expression was detected specifically in the bundle sheath cells. 

 
Figure 3. The Ventana Discovery ULTRA system is capable of applying the RNAscope in situ 
hybridization method to cells or tissue sections mounted on conventional glass slides.  
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