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Chapter

Introductory Chapter: From Hard
to Soft Biology

Payam Behzadi

1. Experimentation and computation

On the evening of Monday, April 13, 2020, during “the Wuhan-China virus
(COVID-19) Home-Self Quarantine Era,” I was drinking coffee and simultaneously
searching on Google Scholar to find some valuable papers regarding “computational
biology.”

Among a mass of article links, an article entitled “laptop biology” [1] attracted
me. I began to read this paper carefully and found some valuable terms including
“hard science” and “soft science.” Indeed, the term “soft science” was used for
“experimentation, classification, observation and intuition,” while the “hard sci-
ence” term depicted “mathematics and algorithms” [1].

Then I checked https://www.thefreedictionary.com/ and searched for the terms
“hard science” and “soft science.” The results were as follows:

* “Hard Science: one of the natural or physical sciences, such as physics,
chemistry, biology, geology, or astronomy, any of the natural or physical
sciences, in which hypotheses are rigorously tested through observation and
experimentation” (https://www.thefreedictionary.com/hard+science).

* “Soft Science: a science, such as sociology or anthropology, that deals with
humans as its principle subject matter, and is therefore not generally consid-
ered to be based on rigorous experimentation, any of the scientific disciplines,
as those which study human behavior or institutions, in which strictly mea-
surable criteria are difficult to obtain” (https://www.thefreedictionary.com/
Soft+science).

Although the meanings of these terms were very different from what I thought,
I liked them. Due to this fact I found that it is better to use my terminology talent to
represent new terms “hard biology” and “soft biology.”

I used the term “hard biology” for experimental (in vitro, in vivo, and in situ
investigations) biology. This term has a direct deal with experimentation and work
bench within the wet labs [2].

In contrast to “hard biology,” I used the term “soft biology” based on in silico or
desktop work [2] and laptop biology [1].

I hope that these terms are useful for the readers of this book and other scientists
around the world. With this background I begin the main text of the introductory
chapter.
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2. Biology and computer

Undoubtedly the famous physical chemist from the USA, Margaret Dayhoff
(1925-1983), the mother and father of bioinformatics, was the key scientist who
employed computers and the related software tools in biochemistry [3, 4].

Indeed, it was Dayhoff who understood the importance of computers and
computational methods not only in biology but also in medicine [4].

In 1960, Dayhoff as the Associate Director of the National Biomedical Research
Foundation began her collaboration with her physicist colleague, Robert S. Ledley,
who, like Dayhoff, was interested in employing computers in biomedical sciences
(3,5, 6].

The outcome of their scientific collaboration (Dayhoff-Ledley) in the period of
1958-1962 led to a computer program COMPROTEIN (coded FORTRAN) which
was designed for IBM 7090. The software COMPROTEIN (a de novo sequence
assembler) was able to determine the primary structure of protein throughout the
Edman peptide sequencing data [3, 7].

The amino acid one-letter coding system was founded by Dayhoff [3, 8].
Dayhoff and Eck continued their scientific activities by publishing the first edition
of the invaluable book entitled Atlas of Protein Sequence and Structure in 1965
which involved 65 protein sequences [3, 4, 9]. The fourth edition of Atlas of Protein
Sequence and Structure which was published in 1969 included more than 300 protein
sequences. So, this atlas established the first database of biological sequence [3, 4].
Interestingly, the sequence alignment of biopolymers was started by proteins
not DNA molecules. This claim is proven by representing a 12-sequenced DNA
fragment in 1971 [4].

3. Molecular biology and computer

During the golden decade between the years 1970 and 1980, the DNA language
was decoded. However, the genetic codes of 64 codons were decoded in 1968
[3, 10]. Sanger’s sequencing method of DNA based on “plus and minus” strands was
performed 25 years after the recognition of the first protein sequence [3, 11, 12].
1979 is the historical year for using the first software for Sanger’s DNA sequencing
method. In the paper published by Rodger Staden in 1979 via the journal of Nucleic
Acids Research, the applied programs including OVRLAP, XMATCH, and FILINS
(coded FORTAN) were described [3, 13].

During the years of 1980-1990, the application of computational sciences
significantly increased. In 1983, the polymerase chain reaction (PCR) was invented
by Kary B. Mullis (1944-2019 (https://www.nytimes.com/2019/08/15/science/kary-
b-mullis-dead.html)). Kary Banks Mullis as an American biochemist invented a
valuable molecular method which was based on in vitro synthesis of DNA [14-16].
So, by the discovery of DNA molecules in the 1950s, and in consequence the early
application of pro-computers, invention of molecular and sequencing methods, and
utilizing Internet services within a short duration, it seems that several revolution-
ized features have happened in molecular biology [17].

Although computers and the related software tools were employed since the 1960s
in biology, it was in the limited scales. I believe that by the invention of PCR asan in
silico-in vitro (dry lab-wet lab) technology and its flying speed as a general molecular
biology approach changed the traditional methodologies. By global generalization
of PCR, the use of Internet services, computers, and software tools got significant
acceleration. In this regard, designing different primers in large and global scales led
to progression of in silico studies and appearance of dry labs within the wet labs.
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Due to this fact, during a very short time, a mass of raw data was obtained by
scientists around the world, and these data got stored within different biological
databases like the National Center for Biotechnology Information (NCBI) (https://
www.ncbi.nlm.nih.gov/), European Molecular Biology Laboratory (EMBL)
(https://www.embl.org/), Kyoto Encyclopedia of Genes and Genomes (KEGG)
(https://www.genome jp/kegg/), and DNA Data Bank of Japan (DDBJ) (https://
www.ddbj.nig.acjp/index-e.html) [18].

At the same time, these giant databases began to give more free software tools,
information, and other services. These features have led to establishing 1637 free
online databases (http://www.oxfordjournals.org/nar/database/c/) up to now [19].

Today, some databases including The Research Collaboratory for Structural
Bioinformatics Protein Data Bank (RCSB PDB) (https://www.rcsb.org/) serve its
global users for free. 3D macromolecular structure data is one of the most popular
products which scientists and researchers use for free around the world [20].

Since 1971 when the US data center of RCSB PDB was founded, it provided
digital data in biology for its users with open-access policy [20], an opportunity
which all the consumers should be grateful for.

All in all, soft biology was founded in the 1960s with a low speed, but it acceler-
ated by the invention of PCR in the 1980s. The PCR invention softened the science
of biology throughout Internet services, an occurrence which resulted in progres-
sive in silico studies, dry labs, and software tools.

Today, a biologist is recognized by her/his laptop, Internet connection, and filled
USB flash drives with different bioinformatics software tools!

Hence, hard biology got softened by establishing the science of bioinformatics
and is continued to be more softened by computational biology!

But the important question is:

“How does biology get more softened in the future?”
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