
講演要旨:
　本講演では、キイロタマホコリカビを題材に、分子の
効果を組込んだ進化数理モデルを紹介する。キイロタマ
ホコリカビは通常単細胞で生活するが、餌が不足すると
細胞が集まり、胞子を飛ばすための器官である子実体を
作る。子実体は胞子と柄に分かれており、直接的には子
孫を残せない柄の部分は、利他的な性質を持った部位で
あると考えられている。キイロタマホコリカビには、種
内で子実体形成に関する多型がある。その中でも、チー
ターと呼ばれる変異体は、野生型と混ざって子実体を作
る場合には、野生型よりも胞子になりやすい。チーター
の中には、単一のチーターのみで子実体を作る場合には
野生型と見分けがつかないものもいる。これを理解する
ためには子実体形成に関わっている生物分子や遺伝子を
考慮する必要がある。本講演では、子実体形成に関わる
生物分子を考慮した数理モデルを紹介し、チーターの進
化的意義を評価する。

※講演は英語で行われますが、日本語での質疑も歓迎します。
This talk will be held in English, but we welcome your 
questions also in Japanese.
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minimum (33, 34). In a 2D space, with one axis being cooperation
and the other being con!ict, organisms are those collaborative
living units at the high end of cooperation and the low end of
con!ict. There is variation in the level of organismality, however,
and those lacking complete cooperation and retaining con!ict
represent the best choices for studying the origins of cooperation.

Laboratory-Friendly, Social Model Organism
Kin selection has been very successful for generating predictions
on the impact of queen number, mate number, and caste on
sociality in social insects (12, 35). Nevertheless, one would have to
say that social insects fall short as an ideal model for studies of
social evolution. They are long-lived, often do poorly in the lab-
oratory (except ants), are not amenable to genetic experimenta-
tion, and have mostly already crossed the threshold to obligate
sociality. Thus, social evolution research has not found its
Drosophila here.
Another problem with the organisms currently favored for

studies of cooperation is that the actual genes underlying co-
operative behavior are elusive. This is particularly true for long-
lived social insects and vertebrates, although the advances of
genomics are slowly mitigating this (14, 36). Still, the twin powers
of experimental evolution and single-gene knockouts are beyond
the reach of most currently studied social organisms.
A social evolution Drosophila would need to address these

issues; thus, it would probably be single-celled. In addition to
being amenable for experimental evolution and single-gene
knockouts, it should have full altruism, with some individuals
dying to help others. This makes it easier to interpret the actions
of different partners. Other attributes of the ideal social Dro-
sophila include feasibility of study in a fairly natural environ-
ment, placement in a rich phylogeny with related species that
vary in social traits, a sequenced set of genomes, and a collegial
community of fellow investigators. Here, we make the case that
the ideal model organism for social evolution has been found
and is the social amoeba Dictyostelium discoideum. This choice is
supported by the enormous progress in understanding social
evolution that has been made with this organism in the past
decade. In addition to D. discoideum, Volvox and its relatives are
great for studying the origins of multicellularity in a clonal or-
ganism (29). Myxococcus xanthus offers all the advantages of
a bacterial system (37). There are also others, but we focus here
on D. discoideum (Fig. 1).

Dictyostelium discoideum as a Model System for Cooperation
What Is a Social Amoeba? Social amoebae are in the eukaryote
kingdom Amoebozoa, sister to the Opisthokonts, or animals plus
fungi (38). This kingdom is composed of solitary amoebae like
Entamoeba and Acathamoeba, the acellular slime molds like
Physarum, and the Dictyostelidae. There are over 100 species of
Dictyostelium, divided into four major taxonomic groups (39, 40).
D. discoideum is in group four and is the focal species here.
Individual amoebae of D. discoideum live in the upper layers

of soil and leaf litter in the eastern Northern Hemisphere and in
eastern Asia. The most intensely studied clone, NC4, and its
derivatives like Ax4, come from a temperate forest near Mount
Mitchell in western North Carolina (40). D. discoideum amoebae
are solitary predators on bacteria, which they consume by en-
gulfment (41). Although this is usually viewed as a solitary stage,
they are always able to sense the density of nearby amoebae with
a molecule called prestarvation factor (42). Response to this
factor is inhibited when bacteria are present (42). When bacteria
get scarce, and amoeba density is suf"cient, they enter one of two
stages, a sexual one, discussed later, or a social one (Fig. 2).

Social Cycle. The social stage, often called the developmental
stage, occurs when D. discoideum amoebae begin to starve (Fig.
2). Amoebae have a quorum-sensing mechanism; if there are

enough other amoebae in the area, they begin to release cAMP
and to make receptors to it, products of the CAR genes (42, 43).
A signal relay system causes the amoebae to move up the cAMP
gradient and form a mound of hundreds of thousands of cells.
Differentiation begins in the mound stage, wherein some cells
sort out toward the tip and express prestalk genes. The tip
becomes the anterior of the slug and organizes forward move-
ment. During movement, cells are lost from the slug posterior. At
least some of these are capable of dedifferentiating and con-
suming any bacteria encountered (44). The slug itself will not fall
apart on encountering bacteria. Some shed cells are former
sentinel cells, full of toxins and bacteria mopped up as they tra-
versed through the slug (45).
The multicellular slug moves toward heat and light and away

from ammonia (42, 46). The cells at the tip then migrate down
through the center of the aggregate and initiate stalk formation
in a process called culmination. The stalk cells vacuolate and die,
forming sturdy cellulose walls in the process that give them the
strength to hold up the spherical ball of spores. The "nal fruiting
body consists of about 20% stalk cells and 80% spore cells. Thus,
the social stage is triggered by starvation and involves altruism,
because the stalk cells die to support the spore cells (42).

Fig. 1. D. discoideum fruiting bodies on an agar plate.

Fig. 2. Colony cycles of D. discoideum. This study focuses on the social cycle,
but the sexual cycle is a promising area for future study.

10856 | www.pnas.org/cgi/doi/10.1073/pnas.1102451108 Strassmann and Queller

Strassmann J.E. & Queller D.C. PNAS (2011)

とあるカビの生活史に現れる

「卑怯者」
その進化的意義に迫る
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