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Symbiotic Bacterium Modifies

Aphid Body Color

Tsutomu Tsuchida,**t Ryuichi Koga,?t Mitsuyo Horikawa,® Tetsuto Tsunoda,® Takashi Maoka,*
Shogo Matsumoto,® Jean-Christophe Simon,® Takema Fukatsu®*

Color variation within populations of the pea aphid influences relative susceptibility to predators and parasites.
We have discovered that infection with a facultative endosymbiont of the genus Rickettsiella changes the insects’
body color from red to green in natural populations. Approximately 8% of pea aphids collected in Western
Europe carried the Rickettsiella infection. The infection increased amounts of blue-green polycyclic quinones,
whereas it had less of an effect on yellow-red carotenoid pigments. The effect of the endosymbiont on body color
is expected to influence prey-predator interactions, as well as interactions with other endosymbionts.

he world is full of colors, and many animals

I have color vision, recognizing their en-
vironment, habitat, food, enemies, rivals,

and mates by visual cues. Body color is thus an
ecologically important trait, often involved in spe-
cies recognition, sexual selection, mimicry, apo-
sematism, and crypsis (/, 2). In the pea aphid
Acyrthosiphon pisum, red and green color morphs
are found in the same populations. Early work
has shown that the aphid body color is geneti-
cally determined, with red being dominant over
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green (3). Ecological studies show that ladybird
beetles tend to consume red aphids on green plants
(4), and parasitoid wasps preferentially attack green
aphids (3). The predation and parasitism pressures
appear to maintain the color variation in natural
aphid populations (/, 4). An unexpected recent
discovery showed that the aphid genome contains
several genes for carotenoid synthesis not found in
animal genomes. The genes are of fungal origin
and appear to have been acquired in the evolu-
tionary history of aphids via ancient lateral
transfer. One of the genes is involved in synthesis
of red color pigments, and the presence or absence
of the gene is responsible for the red or green
coloration of the aphids (6). Here, we report an-
other factor affecting aphid color polymorphism:
a previously unrecognized endosymbiont that
modifies insect body color in natural populations.

While screening pea aphid strains from nat-
ural populations collected in France, we found
several strains of green aphids producing red nymphs.
As the nymphs grew, their body color changed
from reddish to greenish, and the adults became

3ER 2010 VOL 330 SCIENCE www.sciencemag.org
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Megouraphin Glucoside: Two Yellowish Pigments from the
Aphid Megoura crassicauda Mordvilko, Horikawa, M.;
Kikuchi, D.; Imai, T.; Tanaka, M.; Kaku, H.; Nishii, T.; Inai, M .;
Takahashi, S.; Tsunoda, T. Heterocycles. 2012, 85(1), 95-101.
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Promotion of Asymmetric Aza-Claisen Rearrangement of N-
Allylic Carboxamides Using Excess Base, Yoshizuka, M.;
Nishii, T.; Sasaki, H.: Kitakado, J.; Ishigaki, N.; Kaku, H;
Horikawa, M.; Inai, M.; Tsunoda, T. Synletr 2011, 20, 2967-
2970.
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Viridaphin A1 Glucoside, a Green Pigment Possessing
Cytotoxicity and Antibacterial Activity from the Aphid
Megoura crassicauda Mordvilko, Horikawa, M.; Hoshiyama,
T.; Matsuzawa, M.; Shugyo, T.; Tanaka, M.; Suzuki, S.; Sato,
M.; Ito, T.; Asakawa, Y.; Kaku, H.; Nishii, T.; Inai, M
Takahashi, S.; Tsunoda, T. J. Nat. Prod. 2011, 74 (8), 1812-
1816.

Megoura crassicauda

Viridaphin A4 glucoside (1)

Total Synthesis of (+)-Brefeldin C utilizing aza-Claisen
Rearrangement, Inai, M.; Nishii, T.; Mukoujima, S.; Esumi, T.;
Kaku, H.; Tominaga, K.; Abe, H.; Horikawa, M.; Tsunoda, T.
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