
Reviewer Report 

Title: Living in darkness: Exploring adaptation of Proteus anguinus in 3D by X-ray imaging 

Version: Original Submission Date: 10/11/2021 

Reviewer name: Chris Armit 

Reviewer Comments to Author: 

This Data Note showcases microCT datasets of the blind cave salamander Proteus anguinus, which is one 

of nature's curiosities, and also the Mexican axolotl Ambystoma mexicanum. Like other amphibians, 

Proteus anguinus begins eye development with the optic vesicles outgrowing from the diencephalon 

region of the developing brain and making contact with the surface ectoderm to initiate what is known 

as 'lens induction'. However, in Proteus the eyes soon regress after hatching. This adaptation to living in 

the dark is seen in other species, such as blind cave fish, and it is thought to be linked to the expression 

of key regulatory genes such as Pax6 and Shh (see Tian NM, Price DJ. Why cavefish are blind. Bioessays. 

2005 Mar;27(3):235-8. doi: 10.1002/bies.20202). In addition, Proteus anguinus and the Mexican axolotl 

(Ambystoma mexicanum) have remarkable regenerative capabilities, and the axolotl is increasingly seen 

as a Model Organism for the study of regeneration (for example see Sanor LD, Flowers GP, Crews CM. 

Multiplex CRISPR/Cas screen in regenerating haploid limbs of chimeric Axolotls. Elife. 2020 Jan 

28;9:e48511. doi: 10.7554/eLife.48511). 

The larval and juvenile specimens are high quality cellular-resolution 3D models, and as with the 

previous GigaScience Data Note that was published by the authors 

(https://doi.org/10.1093/gigascience/giab012), the 3D models are high contrast by virtue of the 

specimens being stained with phosphotungstic acid prior to scanning. The adult specimens are of tissue-

level resolution rather than cellular-level resolution, the difference in voxel size being directly linked to 

the physical dimensions of the sample. They are nevertheless of very high quality, and the authors 

further highlight that synchrotron X-ray microCT can produce superior quality images of juvenile and 

adult specimens (see Figure 4 in the manuscript). 

A major strength of this newly submitted GigaScience Data Note is the careful delineation of key 

anatomical components in the scanned specimens. This involves considerable effort with every 3rd 

microCT slice being manually segmented and linear interpolation used to fill in the gaps. The 3D 

segmentations offer immense reuse potential, and enable researchers to further analyse key anatomical 

components - including brain, cartilage, bone, residual eyes, optic nerve, olfactory epithelium, ear 

labyrinth, and extraocular muscles - by morphometry and volumetric analysis. 

Eye regression in Proteus is clearly of interest from an evolutionary and developmental biology (evo-

devo) perspective. In addition, the anatomical detail provided in this study allows the authors to state 

that, "elongated and tube-shaped olfactory cavities in proteus likely emerge as another adaptation to 

the cave environment, where enhanced olfaction capabilities pose an advantage in the absence of visual 

signals". This novel and potentially fascinating adaptation may highlight a 'trade-off' between olfaction 

and vision during Proteus development. The authors allude to this in the manuscript, where they state, 

"when it comes to the adaptations in sensory organs, the 3D-analysis of the head revealed major 



differences in visual and olfactory systems of proteus and axolotl". 

The authors additionally highlight the iconic status of Proteus, referred to in 'On the Origin of Species', 

where as the authors point out "Charles Darwin attributed the reduction of eyes wholly to their disuse in 

darkness." In addition, the authors' highlight that Proteus is classified as vulnerable, which means a 

species considered to be facing a high risk of extinction in the wild. The vulnerable status of this iconic 

species further increases the impact of this study. 

In summary, the three stages of Proteus development and two stages of Ambystoma development are 

of interest from an evolutionary and developmental biology (evo-devo) perspective. Ambystoma is 

additionally of interest as a Model Organism for the study of regeneration. 

I recommend this Data Note for publication in GigaScience. 

Minor comment 1 

In Figure 3 (larval and adult specimens of Proteus anguinus anguinus and Ambystoma 

mexicanum) and Figure 5 (adult Ambystoma mexicanum), the authors refer to the following 

segmentations: 

-Brain 

-Cartilage 

-Bone 

-Eyes / Residual Eyes 

-Optic nerve 

-Olfactory epithelium / bulbs 

-Ear labyrinth 

-Extraocular muscles (EOM) 

-Craniofacial muscle 

However, the STL files submitted to GigaDB only include the following: 

-Brain 

-Cartilage 

-Bone 

-Eyes / Residual eyes 

-Olfactory epithelium 

-Optic nerve (larval Ambystoma mexicanum) 

Can the authors please submit the following 3D segmentation files to GigaDB? 

-Optic nerve 

-Ear labyrinth 

-Extraocular muscles (EOM) 

-Craniofacial muscle 

Minor comment 2 

Can the authors provide the masks (binary image files) that were used to create the 3D surface 

reconstructions (STL format) from the volumetric DICOM image stacks? This is important for 

reproducibility, and for every segmentation this should include: 1) manually delineated image masks 

where every 3rd section was used according to the manuscript; 2) processed image masks where linear 

interpolation was used to fill in the gaps between manually delineated sections. 

Minor comment 3 



Can the authors provide 3D surface reconstructions (STL format) of the whole specimens? This will 

provide the necessary context for enabling researchers to explore the relationship between surface 

anatomy and internal anatomy. 
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