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Responses for starvation and dormancy of marine copepods; establishment of
molecular markers
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Molecular markers of starvation and dormancy were investigated in planktonic
copepods by RNA-seq. For starvation, copepods showed up-regulation in NADH-dehydrogenase, and
down-regulation in vitellogenin 2, which were suggested to be good indicators of starvation in the
field. On the other hand, dormant copepods showed down-regulation of lipid synthesis and
carbohydrates related enzymes, while up-regulation in hemerythrin, which is commonly recognized as
oxygen transport protein. However, this protein contains three hemerythrin domains, which is similar
to dormancy-related protein in insects.
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Figure 3. Average relative expression of candidate markers in feeding (FED) and starving (STV)
treatments. Expression was measured by qRT-PCR and compared against values measured in
individuals at the start of the experiment (elapsed time = 0). ND: NADH-dehydrogenase; V7G2:
vitellogenin 2; COX: cytochrome ¢ oxidase; SD: short-chain dehydrogenase; V'7G1: vitellogenin 1:
XYLT: xylosyltransferase; SW2: singed wings 2; DHX: ATP-dependent RNA helicase; SUMO: small
ubiquitin-related modifier. The error bar shows standard deviation. *, p < 0.05; ** p < 0.01
(Welch’s 7-test between FED and STV at each time point).
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Figure 6. Representative MA plot (where M = log ratio and A = average) identifying genes with significant
differential expression (p-value < 0.05) between active (0-200 m depth) and diapausing (500-2,000 m depth)
copepods. The x-axis represents the mean of the normalized counts. The y-axis represents the change of each
gene expression on a per log, fold-change basis (diapausing individuals relative to active individuals). Each
black dot represents a differentially expressed gene (DEG). Each gray dot indicates a non-DEG.

17
Tsuda, A. H. Saito, H. Kasai, J. Nishioka and T. Nakatsuka, Vertical segregation and
population structure of ontogenetically migrating copepods Neocalanus cristatus, N.
flemingeri, N. plumchrus and Eucalanus bungii during ice-free season in the Sea of
Okhotsk. Journal of Oceanography, 71 , 2015, 271-285. Doi:
10.1007/s10872-015-0287-3
Fujioka, H, RJ Machida, A Tsuda, Early life history of Neocalansu plumchrus
(Calanoida: Copepoda) in the western subarctic Pacific. Progress in Oceanography,
,137 , 2015, 196-208. Doi: 10.1016/j.pocean.2015.06.004.
Itoh, S., I. Yasuda, H. Saito, A. Tsuda and K. Komatsu, Mixed layer depth and
chlorophyll a: Profiling float observations in the Kuroshio-Oyashio Extension region,
Journal  of  Marine  System, ,151 , 2015, 1-14,
doi:10.1016/j.jmarsys.2015.06.004
Hirai J and A Tsuda, Metagenetic community analysis of epipelagic planktonic
copepods in the tropical and subtropical Pacific. Marine Ecology Progress Series,
,534 |, 2015, 65-78. Doi: 10.3354/meps11404.
Hirai, J. A. Tsuda, E. Goetze, Extensive genetic diversity and endemism across the
global range of the oceanic copepod Pleuromamma abdominalis. Progress in
Oceanography, ,138 |, Part A, 2015, 77-90. Doi: 10.1016/j.pocean.2015.09.002.
Yamaguchi, Y., Takagi, W., Kuraku, S., Moriyama, S., Bell, J.D., Seale, A.P., Lerner,
D.T., Grau, E.G. and Hyodo, S. Discovery of conventional prolactin from the
holocephalan elephant fihs, Callorhinchus milii. General and Comparative
Endocrinology, ,1224 2015, 216-227. doi: org/10.1016/j.ygcen.2015.08.020.
Nishibe Y, H. Isami, H. Fukuda, S. Nishida, T. Nagata, A. Tachibana and A. Tsuda
Impact of the 2011 Tohoku earthquake tsunami on zooplankton community in Otsuchi
Bay, northeastern Japan. Journal of Oceanography, , 712, 2016, 77-90. Doi:
10.1007/s10872-015-0339-8
Fukuda H., R. Katayama, Y. Yang, H. Takasu, Y Nishibe, A. Tsuda and T. Nagata,
Nutrient status of Otsuchi Bay (northeastern Japan) following the 2011 off the Pacific
coast of Tohoku Earthquake. Journal of Oceanography, , 72,2016, 39-52. Doi:
10.1007/s10872-015-0296-2
Hidaka, K., H. Itoh, J. Hirai, A. Tsuda, Occurrence of Paracalanus parvus species
complex in offshore waters south of Japan and their identification to species. Plankton
and Benthos Research, 11 4 ,2016,131-143. 2017

Hasegawa, K., Kato, A., Watanabe, T., Takagi, W., Romero, M., Bell, J.D., Toop, T.,
Donald, J.A. and Hyodo, S, Sulfate transporters involved in sulfate secretion in the
kidney are localized in the renal proximal tubule Il of the elephant fish (Callorhinchus
miliiy American Journal of Physiology-Regulatory Integrative and Comparative
Physiology, ,311 , 2016, R66-R78, doi: 10.1152/ajpregu.00477.2015

Tachibana, A. Y. Nishibe, H. Fukuda, K. Kawanobe, A. Tsuda, Phytoplankton
community structure in Otsuchi Bay, northern Japan after the 2011 off the Pacific coast
of Tohoku Earthquake and tsunami. Journal of Oceanography, , 73, 2017,
55-65. DOI: 10.1007/s10872-016-0355-3.

2011



54 2017, 105-116.
Okamoto E. Kusakabe R. Kuraku S. Hyodo S. Robert-Moreno A. Onimaru K.
Sharpe J. Kuratani S. Tanaka M., Migratory appendicular muscles precursor cells in
the common ancestor of all vertebrates. Nature Ecology & Evolution, ,1 ,2017,
1731-1736. doi: 10.1038/s41559-017-0330-4
Yoshimura, T, Nishioka J, Ogawa H and Tsuda A, Dynamics of particulate and
dissolved organic and inorganic phosphorus during the peak and declining phase of an
iron-induced phytoplankton bloom in the eastern subarctic Pacific. Journal of Marine
Systems, , 177 , 2018, 1-7. Doi: 10.1007/s10872-016-0355-3
Sakamoto, T., Hyodo, S., Takagi, W., A possible principal function of corticosteroid
signaling that is conserved in vertebrate evolution: Lessons from receptor-knockout
small fish. Journal of Steroid Biochemistry and Molecular Biology, ,184 2018,
57-61. doi: 10.1016/j.jsbmb.2018.02.011
Nagao, I, Y. Tada, K. Suzuki, A. Tsuda, Y. lwamoto, M. Toratani, K. Hamasaki, M.
Uematsu, Biogenic sulfur compounds in spring phytoplankton blooms in the western
North Pacific off the coast of northern Japan. Progress in Oceanography, ,165
2018, 145-157. doi:org/10.1016/j.pocean.2018.05.006
Ohnishi, T., J. Hirai, S. Shimode and A. Tsuda, Identification of molecular markers
associated with starvation in female Calanus sinicus (Copepoda: Calanoida). Marine

Ecology Progress Series, ,614 2019, 51-65. D0i:10.3354/meps12904
21
2016 MSR
170
2016
Abe, Y., A. Yamaguchi, T. Kobari, B. Niehoff, A. Tsuda and 1. Imai (2016)

Weight-specific growth rates of large-sized oceanic copepods during phytoplankton
bloom. 2016 ESSAS Meeting.

Tachibana, A. T. Ishimaru, A. Tsuda (2016) Response of neritic copepod, Acartia omorii
to climate related changes in Tokyo Bay, Japan. 6th Zooplankton Production Symposium.
Hirai J. A. Tsuda (2016) Metagenetic community analysis of marine planktonic copepods
in the Pacific. 6th Zooplankton Production Symposium. (invited)

Nishibe, Y. A. Tachibana and A. Tsuda (2016) Impact of the 2011 Tohoku earthquake
tsunami on zooplankton community in Otsuchi Bay, northeastern Japan. 6th Zooplankton
Production Symposium.

2016 ,(invited)
2016 Acartia
hudsonica
Tsuda, A., J. Hirai and A. Tachibana (2016) Phylogeographic analysis of pelagic
copepod community along 170 W. AORI-SI0 symposium for building strategic partnership.
(2017) Calanus sinicus
1
2017

(2017)
Acartia omorii

Hirai, J., A. Tachibana, and A. Tsuda (2017) Copepod diversity and biogeography
revealed by a metagenetic approach. Joint symposium on ocean, coastal and atmospheric
sciences.

Ohnishi, T., J. Hirai, S. Shimode and A. Tsuda (2017) Identification of gene markers
associated with starvation in female Calanus sinicus Brodsky (Calanoida: Copepoda).
PICES Annual Meeting 2017

Tsuda, A. T. Ohnishi and J. Hirai (2017) Biodiversity in marine environments. Annual
meeting of Korean Society of Environmental Biology.(plenary talk)

Ohnishi, T., J. Hirai, S. Shimode and A. Tsuda (2018) ldentification method for



starved female Calanus sinicus (Calanoida: Copepoda) based on differential gene
expression profile. Ocean Science Meeting.
(2018) Acartia hudsonica

Tsuda A (2018) Biological diversity of Copepoda in the Ocean. Japan- Latin America
Academic Conference 2018.
@ 2018

2016 305

http://www.ecosystem.aori .u-tokyo.ac.jp/plankton/index.html

¢y

Hyodo, Susumu

8 40222244

@



