What can the Blueprint of life teach us about organismal complexity and development? 

Thus far, we’ve discussed how the Blueprint of Life’s multi-omics approach allows us to move beyond a simple “parts list” of life and instead reveal how those parts interact to build, shape, and diversify living systems. What we haven’t yet demonstrated is what this approach can teach us about development itself.
If you’ve ever heard the phrase “butterfly soup”, it refers to the remarkable stage of metamorphosis when a caterpillar inside its cocoon dissolves into a semi-liquid state and reorganizes into a butterfly. It’s one of the most dramatic transformations in biology, and a critical window for studying how genes orchestrate form, color, and function.
By comparing the genomic architecture of Heliconius charithonia and Danaus plexippus, we can begin to construct a developmental framework that links the timing of gene activity with the emergence of traits. This means not just identifying which genes are active, but also pinpointing when and where they switch on: When does wing color first appear? When do appendages like the thorax, antennae, and abdomen begin to take shape?
This comparative vision focuses on key developmental windows:
· Specific time points (e.g., the 5th instar larva).
· Entire life stages (e.g., the larval or pupal stage).
· Across the full arc of development (from embryo through metamorphosis to adult).
By layering these perspectives, our map begins to reveal itself. Our central hypothesis is that a butterfly’s body plan emerges from a relatively small set of conserved genes, fine-tuned by a divergent regulatory landscape and modular interactions between genes, proteins, and metabolites. These “molecular modules” ultimately define the identity and function of organs, appendages, and tissues.
Unlike Drosophila melanogaster, the fruit fly (long regarded as the classic model for developmental biology) there is still relatively little work on building such a comprehensive developmental framework for butterflies. By placing Heliconius and Danaus into this context, we can search for deep developmental homologies across insects, connecting the rules that govern fly embryos with the processes that pattern butterfly wings.
In simple terms, the Blueprint of Life allows us to turn “butterfly soup” from metaphor into mechanism. By tracing how molecules shift and interact during metamorphosis, we begin to explain how a set of genetic instructions transforms into the vibrant diversity of shapes and colors we see in butterflies.
How can the  Blueprint of life give us a Wing Cell Atlas? 
Butterfly wings are mosaics of scale cells, each producing its own pigments and nanostructures. These cells arise from progenitors that follow spatially organized developmental pathways, guided by gene regulatory networks (GRNs) that switch genes on and off at precise times and places. It is one of the best ways to visually map the effects specific genes can have on phenotypic expression. Through the Blueprint of Life project, we are mapping these molecular decisions to build a Wing Cell Atlas for each species, focusing on the critical 4th instar when color patterning begins.
Method
To uncover the genetic basis of these processes, we are generating 10 high-quality reference genomes per species (5 male, 5 female) using long-read PacBio sequencing, spanning 5 populations per species across key geographic regions. In addition, we will re-sequence 10 individuals per population with Illumina, creating a dataset of 50 genomes per species. These resources will allow us to track how molecular patterns varies both within and across species.
On the functional side, we will visualize the expression patterns of 60 candidate genes in butterfly tissues and directly test the role of 40 genes with CRISPR. Together, these approaches will reveal not only which genes drive wing color and pattern, but also how conserved molecular components are fine-tuned by divergent regulatory mechanisms. Even scales of the same color, may emerge through entirely different pathways in different butterflies. With their flat 2D structure, wings offer a unique model system to trace cell fates from development to final pattern, giving us unprecedented insight into how color expression evolves across species.

What Makes Our Tools Different
As you may have noticed in our “Teams” section, many of our researchers are not exclusively biologists. Indeed, we have a wide range of multidisciplinary researchers from mathematicians, chemists, computer scientists, and artificial intelligence experts, creating a uniquely diverse environment to tackle biological questions in new ways. 
What sets the Blueprint of Life apart is its computational and AI innovations. Over the next few years, we aim to rewrite the script for biological data analysis and processing by creating standardized computational pipelines built on mathematical principles and automated processes. 
Instead of relying solely on traditional computational pipelines, our approach will move toward automated pattern recognition. These are systems that can detect, learn, and refine patterns far beyond what human researchers could design manually.
Artificial intelligence will play a central role. Rather than starting with a fully trained system, our AI will learn directly from biological data, teaching itself to identify hidden patterns in gene activity, molecular interactions, and developmental processes. This will allow us to move from static analyses to dynamic prediction tools. In a perfect world, it means our AI models will anticipate developmental outcomes, evolutionary pathways, or regulatory network changes.
This vision is not limited to butterflies. By connecting advances in AI with fields across biology, we will create tools that are faster for other fields of research as well. In short, we don’t just want AI to analyze data; we want AI to help us predict the rules of life itself.

Wider Outreach Goals
The Blueprint of Life is committed to ensuring that the impact of our science extends far beyond the lab. Our research provides a powerful entry point for engaging the public in complex ideas like genomics, development, and AI. 
Within our team we have science outreach specialists whose strategy builds on years of science communication experience within Puerto Rico. We especially would like to appeal to young students who take up an interest in science. We will host K–12 visits to our butterfly rearing facility (4 per year). It would be an opportunity to introduce students and teachers to concepts of development, adaptation, and CRISPR as a tool for discovery.
 In partnership with San Juan educators, we will co-create curriculum materials with our team science filmmaker.  Media like videos, posters, and classroom resources, that bring cutting-edge biology into schools. Beyond the classroom, we will produce university level media, including podcasts, radio programs, and videos, showcasing the more difficult science and human stories behind it. These initiatives will complement our open-access data platforms and genome resources, ensuring that our findings are not just limited to scientists but also made accessible to the wider public.
Looking ahead, our long-term vision is to establish a Science & Technology Center in Puerto Rico within seven years. This center will serve as a hub for developmental biology research, with direct ties to education and community engagement. Crucially, it will also create new career opportunities for local Puerto Ricans. By training students through our outreach and workforce development programs today, and providing stable, high-skilled jobs tomorrow, we aim to ensure that the Blueprint of Life contributes not only to global science but also to Puerto Rico’s next generation of STEM leaders.






