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Academic Achievements:

Dr. Masatoshi Nei is one of the main architects who laid the theoretical
foundations of current molecular evolutionary biology. By developing various
statistical methods and applying them to molecular data, he pioneered new ways
of studying the genetic diversity of populations, evolutionary relationships among
organisms, the times of species divergence from common ancestors, the location
of gene regions in which natural selection is operating, and related areas. The
methods he introduced have made it possible to obtain quantitative estimates of
various parameters of evolutionary importance that could not have been
measured experimentally. Through these achievements, Dr. Nei has not only
made the latest findings at the molecular level available to evolutionary
biologists, but has contributed greatly to the birth of molecular evolutionary
biology and its establishment as a positive science in which hypotheses can be
verified quantitatively, rather than being discussed solely on a conceptual Tevel.

Evolutionary Histories of Populations and Genetic Distance

One of the best-known statistical methods developed by Dr. Nei is concerned
with defining the degree of genetic difference between populations and estimating
this “genetic distance” from protein and DNA data. Dr. Nei’s method, which he
proposed in 1972, uses polymorphism data (individual differences in proteins and
DNA) to estimate the origins of human and other populations, the times at which
they diverged from common ancestral forms, and so on. Under the name “Nei’s
genetic distance,” it has been adopted worldwide by most researchers in related
fields and is still frequently used today.

In 1974, Dr. Nei applied his new measure to human populations and showed
that the genetic variation among Europeans, Asians, and Africans is only about
10 percent of the average variation within the three major human ethnic groups;
he also estimated that Africans diverged from Europeans and Asians about
100,000 years ago, and Europeans and Asians diverged from each other about
50,000 years ago. This was the first evidence pointing to the African origins of

modern humans.

Statistical Methods for Studying DNA Evolution

Focusing at an early stage on DNA sequence data, from the late 1970s Dr.
Nei initiated mathematical modeling of DNA evolution. In the mid-1980s, he
worked on statistical methods for estimating the number of nonsynonymous



substitutions (nucleotide substitutions that result in amino acid replacements) and
synonymous substitutions (those that do not result in amino acid replacements),
and proposed that the ratio between the two be used to identify gene regions in
which natural selection is operating strongly. These methods are now being
utilized by a large number of investigators.

Phylogenetic Analysis of DNA and Protein Sequences

During the 1980s, Dr. Nei began to construct a mathematical theory of the
phylogenetic relationships of genes, using molecular data such as DNA and
protein sequences. He and his collaborators were the first to clarify the
theoretical relationships of gene trees and species trees, thus providing a
theoretical basis for explaining many experimental observations that had
previously defied interpretation. With one of his graduate students, Dr. Nei also
developed a technique of inferring molecular phylogenies known as the “neighbor-
joining method,” which has become the most widely used method of constructing

phylogenetic trees.

Evolution of Immune System Genes

In 1988, Dr. Nei turned his attention to the major histocompatibility complex
(MHC) genes, which are involved in immune responses such as rejection of organ
transplants, and showed that the puzzling variability of these genes in human
populations is due to a special pattern of evolutionary change of DNA that occurs
when MHC genes protect the host from invaders such as viruses and bacteria.
This evolutionary pattern has since been shown to hold true not only for humans
but for vertebrates in general.

Dr. Nei also studied “multigene families,” in which multiple copies of member
genes are present in the genome, as is generally the case for the immune system
genes. He discovered that the member genes typically evolve according to a
pattern called “birth-and-death evolution,” in which, after gene duplication, the
member genes evolve more or less independently of one another, with some
staying in the genome for a long time and others disappearing.

These achievements laid the foundation on which rests the theoretical
framework of current molecular evolutionary biology. Thus, Dr. Nei has made an
enormous contribution to the development of his chosen field of inquiry.



