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The internal structures of cells as the basic units
of life are a major wonder of the microscopic world.
Cellular images provide an intriguing window to help
explore and understand the composition and function
of these structures. Scientific imagery combined with
artistic expression can further expand the potential of
imaging in educational dissemination and interdisci-
plinary applications. This study presents an innova-
tive diffusion model-based approach for style transfer
in cellular images, combining scientific rigor with
artistic expression. By leveraging training-free large-
scale pre-trained diffusion models, the proposed method
integrates the intricate morphological and textural fea-
tures of cellular images with diverse artistic styles.
Key techniques such as the inversion of denoising dif-
fusion implicit models (DDIMs), adaptive instance nor-
malization (AdalN), self-attention style injection, and
attention temperature scaling ensure the preservation
of cellular structures while enhancing visual expres-
siveness. The results showcase the potential of this
strategy for interdisciplinary applications, enriching
both the visualization and educational dissemination
of cellular imagery through compelling storytelling and
aesthetic appeal.

While delving into the microcosm, it becomes
clear that the small often mirrors the vast. In his essay
“Childhood Amusement,” Shen (2018) recalled, “As
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a child, I could stare directly at the sun, observe the
minutest details, and examine the intricate patterns of
small objects with curiosity, often finding joy beyond
the object itself.” This delight in observing fine details
leads to a deeper understanding of the world. When
we focus on the smallest elements of something grand,
it may initially feel unfamiliar. However, when we
relate them to something familiar, we can begin to
uncover the “delight beyond the object.” The micro-
cosm and the macrocosm, though seemingly distinct,
are profoundly interconnected. As we marvel at the
infinite vastness of the universe, gazing at distant gal-
axies and stars, have we ever considered that these
unreachable cosmic entities might, in some sense, echo
the narratives unfolding in the tiny dust particles or
bacteria around us?

Cells, as fundamental building blocks of life, re-
veal the boundless wonders of the microscopic world.
Within the microcosm of cells, countless fascinating
stories may quietly unfold (Gao and Liu, 2019). This
article seeks to infuse cellular images with a sense of
storytelling and artistic beauty via the application of
style transfer techniques. By doing so, it explores the
aesthetic expression of cellular structures and their
potential within the interdisciplinary realms of science
and art. Guided by this vision, this project employs a
training-free style transfer method based on large-scale
pre-trained diffusion models (Chung et al., 2024), lever-
aging their exceptional capabilities in generating high-
quality images. To achieve efficient fusion of content
and style, these models are integrated with the mor-
phological complexity and unique textural features of
cellular images.
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Specifically, the proposed method uses the inver-
sion of DDIMs to map cellular images and style images
from the pixel space to the latent noise space, generat-
ing their corresponding latent representations (Fig. 1).
On this basis, AdalN is applied to adjust the channel
statistics of the cellular images to match those of the
style images, producing an initial noise representation
that integrates cellular content and artistic style (Kim
et al., 2024). This process ensures that during the re-
verse diffusion phase, the spatial structure of cellular
images (e.g., nuclei, cell membranes, and cytoplasm)
is well-preserved while successfully incorporating the
texture and color features of the style images.

During the reverse diffusion process, this method
further employs a self-attention style injection mech-
anism (Zhang et al., 2021). By replacing the key and
value features of the cellular images with those of the
style images, the style textures are injected into the
cellular images. At the same time, a query preserva-
tion mechanism is used to protect the unique morpho-
logical features of the cellular images (Tumanyan et al.,
2023), ensuring that the generated images achieve
stylized expression while retaining cellular structural
features. Additionally, key-value feature replacement
may cause the attention map to become overly smooth,
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which can reduce detail sharpness. To address this issue,
we introduce attention temperature scaling to enhance
the clarity and visual expressiveness of the generated
images. This technical design not only improves the
style consistency and content fidelity of the results
but also provides greater flexibility and controllability
for the artistic expression of cellular images.

This approach offers three key innovations, pro-
viding robust technical support for the style transfer
and artistic expression of cellular images:

(1) Training-free implementation, significantly
lowering the barrier to adoption: Traditional style trans-
fer methods typically rely on large datasets and exten-
sive model training, which not only demand substantial
computational resources but also limit the flexibility and
applicability of these methods in real-world scenarios.
In contrast, the proposed approach leverages a large-
scale pre-trained diffusion model framework, directly
utilizing the generative capabilities learned during pre-
training, without requiring additional optimization or
fine-tuning. This characteristic simplifies the imple-
mentation process of style transfer, reducing both time
and resource costs. Moreover, the training-free nature of
this method enables seamless application across diverse
research contexts, greatly expanding its practical utility.
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Fig. 1 Diagram of the proposed style transfer method. First, the content image and the style image are inverted into the
latent noise space, resulting in content noise and style noise, respectively. Then, the latent adaptive instance normalization
(AdalN) is utilized to combine the content noise and style noise, forming the stylized image noise. During the reverse
diffusion process using the initial noise, the information of content and style is injected through attention-based style
injection and attention temperature scaling. DDIM: denoising diffusion implicit model; feat.: feature; Attn: attention;
Q: query; K: key; V: value; ResBlk: residual block; stat.: statistics; Init.: initial; 7: timestep; 7¢ total number of diffusion
steps; 7: temperature scaling factor; x#: mean; o: standard deviation; z;: content image latent at final diffusion timestep 7}

z7: style image latent at final timestep 7.



(2) Integration of scientific rigor and artistic ex-
pression: The presented approach achieves a harmoni-
ous balance between preserving the scientific accuracy
of cellular images and imparting them with the unique-
ness of artistic expression. During the style transfer
process, the key morphological features (e.g., nuclei,
cell membranes, and cytoplasm) and spatial structure
information of the cellular images are retained, ensur-
ing that the generated results faithfully reflect the sci-
entific content of the original cells. At the same time,
the artistic representation of the cellular images is
enhanced by incorporating the texture, color tone, and
visual elements of the target style. This integration of
scientific and artistic elements provides an innovative
solution for an enhanced visualization, dissemination,
and educational use of cellular images.

(3) Efficient and adjustable style modulation capa-
bilities: The proposed method introduces multiple
adjustable parameters, granting users flexible control
over the balance between style and content in the gen-
erated images. For instance, the style-content trade-
off parameter determines the degree of style applica-
tion while preserving the original structure, and atten-
tion temperature scaling enhances detail sharpness by
adjusting the self-attention map intensity. Additionally,
the feature blending ratio in query preservation fine-
tunes the integration of content and style. These param-
eters function like a “sliding rheostat” for style modu-
lation, allowing users to tailor the strength of the style
transfer and the fidelity to the original content according
to specific requirements. This feature not only enhances
the diversity of the generated results but also meets the
varying demands of different application scenarios.

We have dressed a number of cellular images in
styles such as blue-and-white porcelain, Monet’s brush-
strokes, and traditional Chinese ink painting. The fol-
lowing images illustrate the results of style transfer,
showcasing various artistic transformations.

For example, when the visual style of a durian
fruit is transferred onto a chloroplast image, we obtain
a “durian-style” cellular image (Fig. 2).

Similarly, applying the artistic style of Ladies
with Floral Hairpins to tobacco cell images produces
a mural-like image, where the black dots resemble ex-
plorers venturing deeper into a tunnel (Fig. 3).

The strong sense of spatial extension in the chloro-
plast transmission electron microscopy image in Fig. 4
is particularly striking. The style of Monet’s Impression
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Fig. 2 Durian-style cellular image of chloroplast.

{
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Fig. 3 Tobacco cell image in mural style “The Explorer.”

tyI image
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Fig. 4 Thylakoids in chloroplast: “Fishing Alone on Frosty
River.”

Sunrise aligns well with this sense of spatial extension.
After processing, the resulting image on the right ex-
hibits the texture of traditional Chinese ink painting,
which we named Fishing Alone on Frosty River. The
thylakoids in the chloroplast resemble layers of over-
lapping mountain ridges, while the ribosomes within
the chloroplast appear like pine trees standing firm in
the cold wind. The oval-shaped starch granule in the
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lower-right corner resembles a small boat drifting on
the cold river. Looking deeper into the image feels as
though an infinite series of peaks extend far into the
distance.

Fig. 5 presents an image transformed through
style transfer, embodying the delicate aesthetic of tra-
ditional Chinese ink painting diffusion. In this image,
the nuclear membrane and cell membrane form a tree
trunk-like structure; the mitochondria resemble lady-
bugs perched on the trunk; and the Golgi bodies seem
like lenticels on the bark. One cannot help but imag-
ine this as a weathered yet resilient tree, standing tall
against the elements.

Stylized image

Style image

Fig. 5 Cell ultrastructure: “Withered Tree Awaits Spring.”
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