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Life in Its Uniqueness Remains Difficult  
to Define in Scientific Terms

http://www.jbsdonline.com

Research on life’s genome and proteome and its possible origins is challenging 
and fascinating. Defining life in scientific terms, however, remains a highly dif-
ficult task. Over 100 definitions have been suggested in the course of generations 
of philosophers and scientists and the list of definitions just continues to grow. 
This points to an actual lack of a convincing consensus on the definition of life.  
At the recent 17th Albany Conversation, June 14-18, 2011, New York, E. N.  
Trifonov presented first results of a unique linguistic word count analysis, per-
formed on the large corpus of all definitions of life. This carefully performed 
statistical analysis suggested (1) that Life is self-reproduction with variations. 

In his most recent report in this journal E. N. Trifonov (2) describes the analysis 
of 123 tabulated definitions of life in high detail. Some of these definitions were 
also discussed in a special issue of the journal “Origins of Life and Evolution of 
Biospheres” (3) reflecting on the difficulties of defining life. E. N. Trifonov argues 
that most of the definitions do have some shared common sense suggesting that 
one could arrive to a consensus. Even if the different authors cannot be brought 
together – through space and time – E. N. Trifonov organized a sort of voting in 
absentia by statistically analyzing individual words used in the set of definitions. 
The words most frequently used might – according to Trifonov – reflect on their 
importance, as shared by many of the authors. The careful analysis originated one 
first attempt for the word count generated definition of life. It goes like Life is [a]  
metabolizing material informational system with ability of self-reproduction with 
changes (evolution), which requires energy and suitable environment. This first 
life-defining attempt was discussed in the context of previous comparative lin-
guistic studies on the definition of life. E. N. Trifonov continued to search for 
a more concise and shorter definition of life by extracting two terms from the 
vocabulary of definitions. Trifonov concluded, as mentioned in the context of 
the Albany Conference above, with the definition of life saying that “life is self-
reproduction with variations”. This definition can indeed be applied as a practi-
cal guide in topical origin-of-life research, for example on protocell formation 
including the encapsulation and elongation of nucleotides (4). 

Is this the ultimate and universal definition of life? – Probably not. Take a self-
reproducing malicious software script like a computer virus, a computer worm, 
or a Trojan horse. Computer viruses spread from one computer to another via 
a network or via internet by reproducing themselves. After several hundreds of 
copies (and infected computers) random variations will provoke that the latest-
generation offspring virus is not to 100% identical to the ancestor virus script.  
A computer virus performs self-reproduction with variations. It is not alive. 
Please note that variations observed in biological evolution such as mutations are 
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non-directed variations. They are sudden, spontaneous, and 
random changes (5, 6) that do not imply any driving force 
other than dissipating energy. 

What about other definitions of life? (Figure 1) Wikipedia, 
for example, posts that Life is a characteristic that distin-
guishes objects that have self-sustaining biological processes 
from those which do not. The difficulty with this definition is 
that it refers to biological processes. Biology – as explained 
by Wikipedia – is defined as the study of life. Here we turn in 
a circle. This is elegant but not helpful. Such as Your right is 
where your thumb is left. I do not attempt to give a competing 
definition of life here. Being physico-chemist I would pre-
fer definitions of life that incorporate life’s performance and 
control of metabolism, including autocatalysis, cyclic kinetic 
processes, feedback loops, and active transport. Because such 
definitions may better help to detect and characterize life in 
extraterrestrial and extrasolar planetary systems.

Interestingly, the linguistic analysis applied by E. N. Trifonov 
for the definition of life is conceptually close to a method 
known as Principal Component Analysis (PCA). PCA is a 
mathematical procedure extracting the major (principal) com-
ponents covering most of the data for further statistical treat-
ment and analysis. As outlined by E. N. Trifonov (2) PCA 
has been applied by himself (ENT) to decipher a consensus 

on the temporal recruitment order of amino acids into early 
proteins (7, 8). Further work should correlate the important 
PCA-derived recruitment order of amino acids with experi-
mental data on the formation of amino acids for example in 
the prebiotic atmosphere (9) and even in interstellar environ-
ments (10, 11). 
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Figure 1:  Wordle assembled keywords on the definitions of life.


