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Our findings on evolutionary diversity and adaptation of color vision and gustatio
n in primates are summarized as follows. Atelines improved chromatic discrimination of dietary fruits thro
ugh unique mutations in L/M opsin alleles. Against a norm, howler monkeys regained color vision variation
through recombination between L and M opsin genes. By modeling visibility of dietary fruit to variations o
T color vision in capuchin monkeys, we showed that trichromacy would have advantage in long-distance detec
tion. However, this advantage is judged not translated into fitness advantage based on 26 years survival a
nd fertility data. By studying L/M opsin gene of tarsiers, we proposed that trichromacy evolved under dim
light conditions. By investigating sensitivities of TAS2R16 bitter taste receptor gene, we found that the
sensitivity in fact varied among primate species. We presented an evidence of eco-geographical diversifica
tion of bitter taste receptor genes among subspecies of chimpanzees.



16 18

19 21

DNA

DNA

@

DNA

@_
DNA

(STR)

®_ -

cDNA
cDNA

(4)

TASIR
V1R
TRPC2



TAS2R38

G

Q) L/M
@ L/M
2
©)
L/M
2
@) 26
2
®) 3 (
) LM
M
L
L M
3
3

L-M

New York Times
(http://www.nytimes.com/2013/04/02/scienceltar
siers-hint-primates-devel oped-color-vision-at-nig
ht.html ?ref=science& _r=0)

(6) 3 8 152 L/M
PCR-
L

3
L M
exon3 exonb

exon
3 5
3
v
(8)
©)
TAS2R1  TAS2R4

TAS2R1

TAS2R4

3
(10)

LWS

LWS



(11)
swsl sws2
GFP
(12) RH2
GFP
OPN
(13) LWS
SwsL SWS2
GFP
25

*

Tezuka, A., Kasagi, S., van Oosterhout, C.,
McMullan, M., Iwasaki, W. M., Kasai,D.,
Yamamichi, M., Innan, H., *Kawamura, S.
and *Kawata, M. (2014). Divergent
selection for opsin gene variation in guppy
(Poecilia reticulata) populations of Trinidad
and Tobago. Heredity, Published Online.
DOI: 10.1038/hdy.2014.35

Matsumoto, Y., Hiramatsu, C., Matsushita,
Y., Ozawa, N., Ashino, R., Nakata, M.,
Kasagi, S., Di Fiore, A. Schaffner, C. M.,
Aureli, F, Melin, A. D. and *Kawamura, S.
(2014). Evolutionary renovation of L/M
opsin polymorphism confers a fruit
discrimination advantage to ateline New
World monkeys. Molecular Ecology, 23:
1799-1812. DOI: 10.1111/mec.12703
Matsushita, Y., Oota, H., Welker, B. J,
Pavelka, M. S. and *Kawamura, S. (2014).
Color vision variation as evidenced by
hybrid L/M opsin genes in wild populations
of trichromatic Alouatta New World
monkeys.  International  Journal  of
Primatol ogy, 35: 71-87. DOI:
10.1007/s10764-013-9705-9

*Melin, A. D., Hiramatsu, C., Parr, N. A.,
Matsushita, Y., Kawamura, S. and Fedigan,
L. M. (2014). The behavioral ecology of
color vision: considering fruit conspicuity,
detection distance and dietary importance.
International Journal of Primatology, 35:
258-287. DOI: 10.1007/s10764-013-9730-8
*Fedigan, L. M., Mélin, A. D., Addicott, J. F
and Kawamura, S. (2014). The heterozygote
superiority hypothesis for polymorphic
color vision is not supported by long-term
fitness data from wild Neotropical monkeys.
PLoS  One, o: e84872. DOI:

10.1371/journal .pone.0084872

Suzuki, S. C., Bleckert, A., Williams, P. R.,
Takechi, M., Kawamura, S. and *Wong, R.
O. L. (2013). Cone photoreceptor types in
zebrafish are generated by symmetric
terminal divisions of dedicated precursors.
Proceedings of the National Academy of
Sciences of the United States of America,
110: 15109-15114. DOI:
10.1073/pnas.1303551110

Fang, W., Bonaffini, S., Zou, J., Wang, X.,
Zhang, C., Tsujimura, T., Kawamura, S. and
*Wei, X. (2013). Characterization of
transgenic zebrafish lines that express GFP
in the retina, pineal gland, olfactory bulb,
hatching gland, and optic tectum. Gene
Expression Patterns, 13: 150-159. DOI:
10.1016/j.9ep.2013.02.006

*Mélin, A. D., Matsushita, Y., Moritz, G L.,
Dominy, N. J. and *Kawamura, S. (2013).
Inferred L/M cone opsin polymorphism of
ancestral tarsiers sheds dim light on the
origin of anthropoid primates. Proceedings
of the Royal Society B, 280: 20130189.
DOI: 10.1098/rsph.2013.0189

*Li, Y. N., Tsujimura, T., Kawamura, S. and
Dowlingp, J E. (2012). Bipolar
cell-photoreceptor connectivity in the
zebrafish (Danio rerio) retina. The Journal
of Comparative Neurology, 520: 3786-3802.
DOI: 10.1002/cne.23168

*Imai, H., Suzuki, N., Ishimaru, Y., Sakurai,
T., Yin, L., Pan, W., Abe, K., Misaka, T. and
Hirai, H. (2012). Functional diversity of
bitter taste receptor TAS2R16 in primates.
Biology Letters, 8: 652-656. DOI:
10.1098/rsbl.2011.1251

Hayakawa, T., Sugawara, T., Go, Y., Udono,
T., Hirai, H. and *Imai, H. (2012).
Eco-geographical diversification of bitter
taste receptor genes (TAS2Rs) among
subspecies of  chimpanzees (Pan
troglodytes). PLoS ONE, 7: e43277. DOL:
10.1371/journal.pone.0043277

Hiwatashi, T., Mikami, A., Katsumura, T.,
Suryobroto, B., Perwitasari-Farajallah, D.,
Malaivijitnond, S., Siriaroonrat, B., Oota,
H., Goto, S. and *Kawamura, S. (2011).
Gene conversion and purifying selection
shape nucleotide variation in gibbon L/M
opsin genes. BMC Evolutionary Biology,
11: 312. DOI: 10.1186/1471-2148-11-312

113

Di Fiore, A. Schaffner, C. M.
Aureli, F. Melin, A L/M

29



2013
2013

Di Fiore, A. Aureli, F. Schaffner,
C. M. Melin, A.:
L/M

15
2013 8
28-31 ( )
Welker, B. Pavelka,
M. : 3

15

2013 8  28-31 (

)
Melin, A. Bergstrom, M.
L Aureli, F.
Fedigan, L.:
66
2012 11 24
«C )
Melin, A. Moritz, G.
Dominy, N.: 3 L/M
84
2012 9 24-26 ( )
Melin, A. Bergstrom, M.
L Aureli, F.
Fedigan, L.:
14

2012 8 21-24 ( )
Kawamura, S., Matsumoto, Y., Matsushita,
Y., Ozawa, N., Nakata, M., Kasagi, S. and
Hiramatsu, C.: Improvement of chromatic
resolution of L/M opsin alleles in atelid
New World monkeys. The 24th Congress of
the International Primatological Society
(IPS 2012), Cancun Convention Center,
Cancun, Mexico, August 12-17, 2012.
(Oral)

Kawamura, S., Sakurai, K., Bergstrom, M.,
Shirasu, M., Matsushita, Y., Melin, A., Imai,
H., Touhara, K., Oota, H., Aureli, F. and
Fedigan, L.: Assessment of bitter taste
receptor gene variation and dietary fruit
odorants in natural populations of
color-vision polymorphic New World
Monkeys. The 24th Congress of the
International Primatological Society (IPS

2012), Cancun Convention Center, Cancun,
Mexico, August 12-17, 2012. (Oral)
Matsushita, Y., Oota, H., Welker, B.,
Pavelka, M. and Kawamura, S.: Possible
anomalous trichromacy of color vision by
hybrid L/M opsin genes in wild howler
monkeys, Alouatta. The 24th Congress of
the International Primatological Society
(IPS 2012), Cancun Convention Center,
Cancun, Mexico, August 12-17, 2012.
(Oral)

Melin, A. Bergstrom, M.
Aureli, F.

%digan, L.
28

2012 7  6-8 ( )
Melin, A. Moritz, G. Dominy,
: 3 L/'M

28

2012 7 6-8 ( )

Kawamura, S.: Molecular mechanism and
adaptive  significance of evolutionary
diversification of visual opsins. The 89th
Annual Meeting of the Physiological
Society of Japan: Symposium 38:
Functional evolution of sensing receptors:
Toward the comprehensive understanding
by fusion of research in the different fields
(Organized by Makoto Tominaga and Hioo
Imai), Shinshu University Matsumoto
Campus, Matsumoto, Japan, March 29-31,
2012. (Oral) (Invited)

Kawamura, S.: Color vision polymorphism
in wild New World monkeys and adaptive
significance of primate color vision. The 8th
Okazaki Biology Conference (OBCS):
Speciation and Adaptation II - Environment
and Epigenetics -, Okazaki Conference
Center, Okazaki, Japan, March 18-23, 2012.
(Oral) (Invited)

27

2012 3 9 ( ) (Invited)
Welker, B Pavelka,

M.
3
65
2011 11 4-6 ( )
Bergstrom, M.
Aureli, F.
Fedigan, L.



21

22

23

65
2011
11 4-6 ( )
Kawamura, S.: Evolution of visual opsin
genes in fish and primates. 15th
Evolutionary Biology Meeting at Marseilles
(15th  EBM), Regional Center of
Educational =~ Documentation  ("Centre
Regional de Documentation Pedagogique™),
Marseilles, France, September 27-30, 2011.
(Oral) (Invited)
Welker, B Pavelka,

M.

83

2011 9 20-23 ( )
Welker, B. Pavelka,
M. : Finding a polymorphism of
the L-M opsin gene in howler monkeys

which have been supposed to have uniform
trichromacy in New World monkeys. 13

2011 7 29-31 (
)
Kawamura, S.: Evolutionary study of
vertebrate  color vision: from fish

transgenesis to field primatology, and to
human variation. Annual Conference of
Soceity for Molecular Biology and
Evolution 2011 (SMBE 2011), Kyoto
University (Clock Tower Centennial Hall
and Shiran Kaikan) and Miyako Messe,
Kyoto, Japan, July 26-30, 2011. (Oral)

(Invited) Plenary Talk
Welker, B. Pavelka,
M. : 3
L-M
27
2011 7  16-18 ( )

Aureli, F. Fedigan, L.

( ) 27

2011 7 16-18 ( )
Kawamura, S.: Color vision polymorphism
in wild New World monkeys as a model
system to understand the adaptive
significance of primate color vision. The 4th
International Symposium of the
Biodiversity and  Evolution, Kyoto
University Global COE project "Evolution
of Sensor, Communication and Society",
Shiran Kaikan, Kyoto University, Kyoto,
Japan, September 11-12, 2010. (Oral)

(Invited)

5
*Melin, A. D., Hiramatsu, C., Fedigan, L.
M., Schaffner, C. M, Aureli, F. and
*Kawamura, S. (2012). Polymorphism and
adaptation of primate colour vision. In:
Evolutionary Biology: Mechanisms and
Trends (Pontarotti, P. ed.), pp. 225-241,
Springer-Verlag, Berlin Heidelberg.
*Kawamura, S., Hiramatsu, C., Melin, A. D.,
Schaffner, C. M, Aureli, F. and Fedigan, L.
M. (2012). Polymorphic color vision in
primates: evolutionary considerations. In:
Post-Genome Biology of Primates (Hirai,
H., Imai, H. and Go, Y. eds.), pp. 93-120,
Springer, Tokyo.
*Kawamura, S. (2011). Evolutionary
diversification of visual opsin genes in fish
and primates. In: From Genes to Animal
Behavior: Social Structures, Personalities,
Communication by Color (Inoue-Murayama,
M., Kawamura, S. and Weiss, A. eds.), pp.
329-349, Springer, Tokyo.

http://www.jinrui.ib.k.u-tokyo.ac.jp/kawamura-h

ome.html
http://www.jinrui.ib.k.u-tokyo.ac.jp/kawamura-h
ome-E.html
&)
KAWAMURA, Shoji
40282727
2
TOUHARA Kazushige
00280925
OOTA Hiroki
40401228
IMAI Hiroo
60314176
MATSUMOTO Akiko
80369206



