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Abstract

The Code Interpreter feature in ChatGPT has the potential to democratize data analysis for non-specialists. As bioinforma-
ticians, we are impressed by its performance in data manipulation and visualization. However, bioinformatics tasks often
require execution of third-party packages, access to annotation knowledgebase, and handling large datasets. Code Interpreter’s
exclusive support for Python, no installation option for additional packages, inability to utilize external resources, and limited
storage capacity could pose obstacles to its wide adoption in bioinformatics applications. To address these limitations, we

advocated for the necessity of locally deployable, API-based systems for chatbot-aided bioinformatics applications.
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Since its release in December 2022, ChatGPT has attracted
substantial interest from the bioinformatics and computa-
tional biology communities due to its extensive knowledge
in biology [1-3] and impressive capabilities in programming
[4-7]. In a typical workflow, the human operator provides
the chatbot with a natural language description of the data
and desired analysis, initiating a request for code generation
through an interactive web-based chat session [6]. The code
is then copied and pasted into a local programming environ-
ment for execution. Any error messages from running the
code are then fed back to the chatbot for correction. While
ChatGPT has been used to address many bioinformatics data
analysis tasks [4, 6], managing a local environment for code
execution represents a significant barrier, especially for peo-
ple without computational expertise.
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Released on July 6, 2023, Code Interpreter beta is a new
feature accessible to ChatGPT Plus users. This plugin inte-
grates code generation and execution into one environment.
Coupled with new features such as data upload and down-
load, Code Interpreter represents a significant step toward
personalized data analysis using natural languages. Follow-
ing its release, numerous posts on social media have show-
cased complex coding tasks accomplished by this plugin.
However, the extent to which Code Interpreter can assist
with complex data analysis tasks that require interdiscipli-
nary knowledge, such as in bioinformatics, remains elusive.

As bioinformaticians experienced with ChatGPT-assisted
coding [5, 6], we first evaluated the data visualization capa-
bilities of Code Interpreter in the context of gene expression
data analysis. Our analysis began with a gene expression
matrix from a previous work [8], with rows and columns
representing genes and samples, respectively. Once the file
was uploaded, we conducted three commonly utilized data
visualizations: principal component analysis (Fig. 1a), an
MA plot to highlight differentially expressed (DE) genes
(Fig. 1b), and a heatmap visualization of gene expression
augmented with hierarchical clustering analysis (Fig. 1c). As
anticipated, Code Interpreter facilitated a seamless experi-
ence, enabling code generation, execution, and refinement
all within one interface (Supplementary File 1). We acquired
expected results after several iterations for each task and
downloaded the results. These examples underscored the
impressive data visualization capabilities of Code Inter-
preter. In addition, Code Interpreter can autonomously
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Fig.1 Three examples of gene expression data visualization with
Code Interpreter. a PCA analysis showing two groups of samples. b
A MA plot with DE genes highlighted (p <0.001; ¢-test). ¢ Heatmap

regenerate code based on error messages and self-inspection
of outputs (Supplementary File 2).

The subsequent tasks unveiled two major limitations that
might impede a broad application of Code Interpreter in the
field of bioinformatics. We requested ChatGPT conduct a
Gene Ontology (GO) enrichment analysis, which requires
downloading GO annotations and installing additional
packages. ChatGPT responded stating that the environment
does not support internet access and new package installa-
tion (Supplementary File 1). We encountered similar issues
with other common bioinformatics tasks such as multiple
sequence alignment (Supplementary File 2), gene ID conver-
sion (Supplementary File 3), alignment of short sequencing
reads to a reference genome (Supplementary File 4), predic-
tion of DE genes based on a count matrix (Supplementary
File 5), and phylogeny inference (Supplementary File 6).
Although Code Interpreter currently has 343 pre-installed
packages (Supplementary File 7), very few are specifically
dedicated to bioinformatics data analysis. Furthermore,
as the field of bioinformatics constantly evolves with the
release of new tools, it is not feasible to pre-load all desired
packages in Code Interpreter.

Our experiences also highlighted other limitations of
Code Interpreter in bioinformatics data analysis. Firstly, the
current version only supports Python programming. Some
research fields may have preferences in programming lan-
guages such as R for evolutionary analysis, MATLAB for
computer vision, and C/C++ for high-throughput sequence
processing. Secondly, although the chat history can be
archived, files and links generated by Code Interpreter are
not preserved. This would necessitate re-uploading files and
repeating the analysis to continue with new tasks. Thirdly,
Code Interpreter allows for the upload of file with size up
to 100 MB. While this size is sufficient for most applica-
tions, bioinformatics data analysis, especially those based
on deep sequencing, often require a much larger storage. For
instance, a single fastq file for an RNA-Seq library typically
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visualization of gene expression values (z-score normalized) across
samples for DE genes identified in panel b.

exceeds 1 GB in size. Fourthly, lack of support for parallel
processing hampers the analysis of large datasets, resulting
in slow performance. Lastly, users of the Code Interpreter
must be mindful of the risk of data leakage. While renam-
ing sample labels may partially mitigate this issue, certain
genomic sequence data such as those containing single-
nucleotide polymorphisms pose a risk of re-identification
[9]. At a minimum, data uploading to the Code Interpreter
should comply with existing ethical regulations, such as the
Health Insurance Portability and Accountability Act in the
United States and the General Data Protection Regulation
in Europe.

In conclusion, the Code Interpreter feature of ChatGPT
enables users, including those without coding experiences,
to analyze their data through natural language. But in its
current version, its utility in bioinformatics data analysis
is hindered by many limitations, some of which could be
addressed in future versions. These include internet access
for downloading genome annotations, preinstallation of bio-
informatics-specific packages, expansion of storage capacity,
and support for additional programming languages. How-
ever, regarding privacy and security, it will be beneficial to
develop applications like the Code Interpreter but can be
deployed locally. In this scenario, code generation would be
accomplished through API communication with remote lan-
guage models without data uploading. The code would then
be tested in a local and secure execution environment with
all necessary packages installed. We foresee a future where
there is a coexistence of locally deployable, API-based sys-
tems, such as RTutor [10], and online web interface-based
plugins such as Code Interpreter that meets different needs.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s10439-023-03324-9.
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