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Probing Questions: DNA Probes vs RNA Probes vs cDNA Probes

Abstract 
Nucleic acid probes are invaluable tools in molecular biology, enabling clinical laboratories and researchers to detect specific DNA or RNA 

sequences within a sample. In this white paper, we explore the key differences between three prominent probe types: DNA probes, RNA probes, 

and cDNA probes. We delve into their what they are, how they are synthesized, as well as their advantages and disadvantages, guiding clinical lab 

staff and researchers in selecting the most appropriate probe for their specific needs.

Introduction  
Nucleic acid hybridization techniques play a vital role in various clinical and research applications, including gene identification, mutation 

detection, viral involvement, and gene expression analysis. These techniques rely on probes – short, single-stranded fragments of DNA or RNA 

– that bind to complementary sequences within a target nucleic acid molecule. The specific binding allows for the detection and analysis of the 

target sequence.

Types of Probes 
A DNA Probe is a single stranded sequence of DNA that has been synthesized from a specific area of the genome so that it can be used to search 

for its complimentary sequence in a sample.1 These probes can be labeled with fluorescent tags, radioactive tags, or enzymes so that they can 

be visualized using microscopy. Typically, there are two ways for a DNA probe to be synthesized, using a Bacterial Artificial Chromosome (BAC) 

library or using DNA fragments to create a synthetic probe called an oligonucleotide.

An RNA Probe is a single stranded sequence of RNA that has been engineered to bind to a specific complimentary sequence in a sample.1 

RNA probes can target sequences of RNA OR DNA, which makes them useful in a lot of laboratory applications, like in-situ hybridization (ISH), 

Northern Blotting, and Southern Blotting. RNA probes typically tightly associate with its complimentary sequence in comparison to DNA probes, 

making them highly specific with better signal-to-noise ratios. There is only one reliable way to synthesize RNA probes through a process called in 

vitro transcription, which uses enzymes to copy a desired DNA sequence into a complimentary RNA nucleotide. RNA probes are also susceptible 

to RNase degradation, so special care is even more important and may affect their shelf life.2

A cDNA(copy DNA or complimentary DNA) probe is a single stranded DNA or RNA sequence that has been synthesized from a strand of 

messenger RNA (mRNA) through the use of an enzyme known as reverse transcriptase. They share the stability of DNA probes while offering the 

ability to target DNA or RNA sequences depending on the use case. One of cDNA’s biggest advantages is the absence of introns in its sequence 

vs DNA and RNA probes which contain both exons and introns in their sequences. This absence of introns makes it highly specific, and typically 

gives a very clean final product with virtually no noise or background.

• Exons are the “coding” sections of gene sequences. They contain the instructions for building proteins and are eventually spliced together 

to form the final mRNA molecule that will help to create a protein. Exons can be thought of as the instructions to building a machine.

• Introns are the “non-coding” sections of gene sequences. While introns have various functions, their function isn’t directly related to 

protein building, so they are removed during a process called RNA splicing before the mRNA is used for protein production. Consider them 

unnecessary information in your machine’s instruction manual.
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Advantages/Disadvantages

Advantages of DNA Probes:

o Stability: DNA is more stable than RNA, making DNA probes easier to handle and store. They are less susceptible to degradation by 

enzymes like RNases, allowing for longer shelf life and less stringent handling requirements.

o Synthesis: DNA probes can be readily synthesized using BAC libraries or automated DNA synthesizers, offering a faster and more 

cost-effective approach compared to RNA probes.

o Labeling: A wider variety of labeling methods are available for DNA probes, enabling researchers to choose the most suitable 

detection technique for their experiment.

Disadvantages of DNA Probes:

o Lower Specificity: DNA-DNA hybrids can be less stable compared to RNA-DNA hybrids. This may lead to higher background noise 

and reduced sensitivity, particularly when detecting targets with low abundance.

o	Stringent Hybridization Conditions: DNA probes often require more aggressive hybridization conditions (higher temperatures) to 

ensure specific binding to the target sequence. This can be detrimental to delicate tissue samples.

Advantages of RNA Probes:

o Higher Specificity: RNA probes form more stable RNA-DNA hybrids compared to DNA-DNA hybrids. This translates to higher target 

specificity and improved signal-to-noise ratio, allowing for detection of rare transcripts or single nucleotide polymorphisms (SNPs).

o Lower Hybridization Temperatures: RNA probes can often be used at lower hybridization temperatures compared to DNA probes. This 

is gentler on tissue samples and can help preserve their morphology.

Disadvantages of RNA Probes:

o Stability: RNA is less stable than DNA, making RNA probes more susceptible to degradation by RNases. They require careful 

handling, storage at low temperatures, and may have a shorter shelf life.

o Synthesis: Generating RNA probes typically involves in vitro transcription, which is an additional step compared to DNA probe 

synthesis. This can be more time-consuming, typically has a higher cost, and potentially less efficient.

Advantages of cDNA Probes:

o Higher Specificity: Combine stability of DNA with targeting ability for RNA

o Stability: Has the stability of DNA, don’t have to worry about RNase like with RNA

o Copy of mRNA: Excludes introns in its sequence, making this type of probe very clean to use 

Disadvantages of cDNA Probes: 

o Synthesis: Requires an additional step of reverse transcription, can be time consuming to generate.

Key Differences

Feature DNA Probes RNA Probes cDNA Probes

Target DNA DNA or RNA DNA or RNA, dependent on use case

Synthesis BAC Library or Oligonucleotide In vitro transcription Reverse transcription of mRNA

Stability High Moderate (RNase sensitive) High

Specificity Moderate High High

Background Low-High Low-Moderate Low
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To learn more about in situ hybridization, please visit our website at biocare.net or call 1-800-799-9499, option #3
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Conclusion 
The optimal probe selection depends on several factors, including:

• Target sequence (DNA or RNA)

• Desired level of sensitivity and specificity

• Time to synthesize or manufacture

• Stability and shelf life

DNA, RNA, and cDNA probes each offer unique advantages and disadvantages. By understanding their properties and the specific demands 

of the experiment, clinicians, clinical laboratories, and researchers can select the most appropriate probe to achieve optimal results in 

their applications.
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