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The blind cave fish Phreatichthys andruzzii has been living beneath the Somali desert 

in water-filled crevices for many millions of years - completely isolated and in perfect 

darkness. (Foto: Andrea Margutti, University of Ferrara/Italy) 

The UV radiation contained in sunlight can damage cells and ge-

netic material. Nature has therefore provided a set of repair sys-

tems, a particularly efficient one being controlled by light. It is 

an ancient system and has hardly changed in the course of evo-

lution. All living organisms, from vertebrates and plants to uni-

cellular organisms, fungi and bacteria have it. Only placental 

mammals, and thus also humans, lack this light-induced repair 

system. They protect themselves with a less efficient mecha-

nism. Why, is still unclear to this day. KIT scientists have now 

been able to obtain more information in an international research 

project. The results were published in Current Biology (DOI: 

10.1016/j.cub.2018.08.039). 

In our genetic material is the construction manual for all life and bio-

logical functions, but at the same time it is susceptible to damage. 

This can be triggered by errors introduced during its multiplication, but 

also by external factors, such as radiation or toxic substances. Con-

sequently, nature has always protected itself with efficient repair sys-

Did the ancestors of mammals live underground? 

Rare cave fish Phreatichthys andruzzii gives clues – missing DNA repair system points to similar 

living conditions – Publication in Current Biology 
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tems. One of the most important and efficient is so-called photo-reac-

tivation. Using visible light, special enzymes called photolyases are 

activated to reverse damaging changes in the genetic material. From 

vertebrates and plants to unicellular organisms, fungi and bacteria, all 

organisms possess an almost identical system of photoreactivation. 

Only placental mammals lack it. This evolutionary peculiarity they 

share with a rare cave dweller: the blind cave fish Phreatichthys an-

druzzii. This fish is remarkable, as it has been living beneath the So-

mali desert in water-filled crevices for many millions of years - com-

pletely isolated and in perfect darkness. Investigations of this fish 

have shown that in addition to some other unusual changes, its repair 

system for genetic material is defective. 

Watch evolution at work 

Together with Professor Tilman Lamparter from KIT’s Institute of 

Botany and Professor Cristiano Bertolucci from the University of Fer-

rara, in Italy, scientists from the KIT’s Institute of Toxicology and Ge-

netics (ITG) studied the genetics of this DNA repair system in cave 

fish and compared them with that of zebrafish. They irradiated cells 

of the fish with UV light and examined their ability to repair DNA. "We 

were able to show that in the cave fish, unlike the Zebrafish, this sys-

tem does not work properly. The genes involved are greatly altered, 

and the way they are regulated by light is abnormal,“ says Professor 

Nick Foulkes from the KIT’s ITG. "To a certain extent we can look at 

evolution at work on these repair systems, because our results give 

us clues as to how they may have changed as the result of living for 

millions of years under extreme conditions," says Foulkes. This could 

indicate why mammals no longer have this protective mechanism. 

"We believe that here we are witnessing the first steps of a transfor-

mation process that could have taken place in the ancestors of the 

placental mammals during the Mesozoic," says Foulkes. The Meso-

zoic Era is an interval of geological time from about 252 to 66 million 

years ago. Scientists conclude that these mammalian ancestors may 

have lived underground during evolution and lost their DNA repair 

system as a result of millions of years in the dark. 

What are the key genes for UV damage? 

Overall, according to Foulkes, the findings improve our understanding 

of the biology of these repair systems. "The more we learn about what 

shapes the activity of these mechansisms, the sooner we might be 

able to apply that knowledge in a medical context," says Foulkes. The 

negative consequence of excessive sunlight exposure for health is an 

important medical issue. "But we do not fully understand what com-

ponents of the repair mechanisms that protect us from the dangerous 
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effects of sunlight, have been particular targets for evolution. They 

could be important markers and perhaps targets for therapeutic ap-

proaches to treat UV damage," Foulkes hopes. 

 

How fish tolerate fat 

Phreatichthys andruzzii has other features that interest researchers. 

Like many other cave animals, the Somali cavefish is extremely long-

lived and has a special cell regulation that prevents the development 

of cancer. It also has an unusually low metabolic rate. Cave fish sur-

vive longer periods without food by storing fat very efficiently. "How 

do you survive with so much fat in the body without negative conse-

quences?" asks Nick Foulkes, hoping to gain long-term insight into 

the human body through a better understanding of this extraordinary 

metabolism. 

Publication: 

Haiyu Zhao, Giuseppe Di Mauro, Sebastian Lungu-Mitea, Pietro 

Negrini, Andrea Maria Guarino, Elena Frigato, Thomas Braunbeck, 

Hongju Ma, Tilman Lamparter, Daniela Vallone, Cristiano Bertolucci 

and Nicholas S. Foulkes: Modulation of DNA repair systems in blind 

cavefish during evolution in constant darkness. 

Abstract online under: https://www.cell.com/current-biol-

ogy/fulltext/S0960-9822(18)31123-0  

More about the KIT Materials Center: www.materials.kit.edu/in-

dex.php  

Being „The Research University in the Helmholtz Association“, 

KIT creates and imparts knowledge for the society and the envi-

ronment. It is the objective to make significant contributions to 

the global challenges in the fields of energy, mobility and infor-

mation. For this, about 9,300 employees cooperate in a broad 

range of disciplines in natural sciences, engineering sciences, 

economics, and the humanities and social sciences. KIT pre-

pares its 25,500 students for responsible tasks in society, indus-

try, and science by offering research-based study programs. In-

novation efforts at KIT build a bridge between important scien-

tific findings and their application for the benefit of society, eco-

nomic prosperity, and the preservation of our natural basis of 

life 

https://www.cell.com/current-biology/fulltext/S0960-9822(18)31123-0
https://www.cell.com/current-biology/fulltext/S0960-9822(18)31123-0
http://www.materials.kit.edu/index.php
http://www.materials.kit.edu/index.php
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This press release is available on the internet at 

http://www.sek.kit.edu/english/press_office.php  

The photo in the best quality available to us may be downloaded un-

der www.kit.edu or requested by mail to presse@kit.edu or phone +49 

721 608-21105. The photo may be used in the context given above 

exclusively.  
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