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Naruya Saitou / Professor, Division of Population Genetics,
National Institute of Genetics

Organisms on the earth are rich in diversity.
Each organism contains its own genome with
many genes. This complex genetic system has
been generated and constantly modified through
eons of evolution since the origin of life. I will
discuss evolution of organisms from the viewpoint
of temporal changes of genomes in this lecture.

Evolutionary changes already started even be-
fore the origin of life, known as chemical evolu-
tion. Therefore, we need to dig bottom to the
molecular level, starting from nucleotides and
amino acids. In this sense, it is logically straight
forward to study evolution of life at the molecu-
lar level. Molecular evolutionary study as a disci-
pline was established only after biochemistry and
genetics became the center of biology in the mid-
dle of the 20th century. Because of this late
start, there are still some molecular biologists
who consider the study of evolution as carried out
by specialized researchers, while there are some
old-fashioned evolutionists who do not appreciate
molecular level studies.

Evolution 1is the temporal process of life.
Originally, the word "evolution" meant develop-
ment of embryo from egg. Charles Lyell was
probably the first person to use this word in the
modern meaning in his "Principles of Geology"
published in 1830s. Thanks to pioneering works of
Lamarck, Wallace, and Darwin as well as later
evolutionists, evolution as biological phenomenon
was gradually accepted during the last 200 years.
Evolution, however, does not contain a predeter-
mined pathway, unlike developmental processes.
As the time arrow moves from past to present,

life forms change.  Therefore, any temporal
change of organisms is evolution. Nowadays,
concept of evolution is sometimes extended to
non-life, such as evolution of universe, or evolu-
tion of human society.

The word "genome" was coined by Hans
Winkler, botanist, in 1920. Genes were already lo-
calized in chromosomes in cell nucleus at that
time, and Winkler joined two words, "gene" and
"chromosome" to produce a new word "genome".
Plants are often polyploid, and there was need to
designate certain unit of chromosome sets. Later,
Hitoshi Kihara defined genome as minimum set of
genes that is necessary for that organism. This
function-oriented definition is still used today, but
gradually structure oriented definition is often
used. Thus I redefined genome as "a maximum
unit of self-replicating body" in Japanese book
published in 2004. "Self-replicating body" in-
cludes not only wusual organisms but also
organella and virus that need some help from or-
ganisms for their replication.

Kihara and his group conducted genome analy-
sis on various wheat species in the early 20th cen-
tury, and he left this famous couplet;

The history of the earth is recorded in the lay-
ers of its crust:

The history of all organisms is inscribed in the
chromosomes.

This couplet was originally mentioned in his
book written in Japanese in 1946, and is more and
more shining as we now study evolution at the
genomiic nucleotide sequence level.
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