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The 38th International Prize for Biology is awarded to

Dr. Katsumi Tsukamoto

(Professor Emeritus, The University of Tokyo, Japan)
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The International Prize for Biology was instituted in April of 1985 by the Committee on the
International Prize for Biology. It aims to commemorate the sixty-year reign of Emperor Showa
and his longtime devotion to biological research and also to offer tribute to His Majesty the
Emperor Emeritus, who has strived over many years to advance the study taxonomy of gobioid
fishes while contributing continuously to the developing of this Prize. The award ceremony is
held every year.

This year, the Committee on the International Prize for Biology of the Japan Society
for the Promotion of Science decided to award the 38th (2022) International Prize for Biology
to Dr. Katsumi Tsukamoto, Professor Emeritus, The University of Tokyo, Japan. This year’s
Prize is awarded in the field of the Biology of Fishes.
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Speakers / EEE

December 17th (For Researchers) in English
12 417 B AREBRITEEHFEE

Jun Aoyama (The University of Tokyo, Japan)

Kurt Fausch (Colorado State University, USA)

Eric Feunteun (National Museum of Natural History, France)

Masaki Miya (Natural History Museum and Institute, Chiba, Japan)

Lynne R. Parenti (Smithsonian Institution, USA)

Catherine L. Peichel (University of Bern, Switzerland)

Manfred Schartl  (University of Wiirzburg, Germany)

Didier Stainier ~ (Max Planck Institute for Heart and Lung Research, Germany)
Hideaki Takeuchi (Tohoku University, Japan)

Goro Yoshizaki  (Tokyo University of Marine Science and Technology, Japan)

December 18th (For General Public) in Japanese
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Symposium Program / 2RO LA TOY S A

December 17th (For Researchers) in English
12 A 17 B ARBRITHEEER
9:00-9:05 Kiyokazu Agata (National Institute for Basic Biology)

Opening remarks

Session 1 Chair: Jun Kitano (National Institute of Genetics)

9:05-9:35 Jun Aoyama (The University of Tokyo)
Discovery of Japanese eel spawning sites: A major scientific achievement of Dr.
Katsumi Tsukamoto
*Lecture on behalf of Dr. Katsumi Tsukamoto

9:40-10:10 Eric Feunteun (National Museum of Natural History)
The eel syndrome: a thirty years quest to unravel the mysteries of iconic and
threatened fishes

10:15-10:45 Kurt Fausch (Colorado State University)
Food webs in space: the influence of individual fish behavior on linked stream-
riparian ecosystems

10:45-11:00 Short break

Session 2 Chair: Kiyoshi Naruse (National Institute for Basic Biology)

11:00-11:30 Lynne R. Parenti (Smithsonian Institution)
Phylogeny and Diversity of the Medaka and Relatives: Discoveries and
Challenges

11:35-12:05 Masaki Miya (Natural History Museum and Institute, Chiba)
The mitogenomic contributions to molecular evolution and ecology of fishes:
revealing the patterns of diversity through space and time

12:05-13:30 Lunch break

Session 3 Chair: Shinji Takada (National Institute for Basic Biology)

13:30-14:00 Catherine L. Peichel (University of Bern)
Replaying the tape of life: how predictable is evolution?
14:05-14:35 Manfred Schartl (University of Wirzburg)
Structure, function and evolution of fish genomes
14:40-15:10 Goro Yoshizaki (Tokyo University of Marine Science and Technology)

Germ cell manipulation in fish: Little tuna produces bluefin tuna sperm



15:10-15:30

Session 4

15:30-16:00

16:05-16:35

16:35-16:40

Short break

Chair: Shin-ichi Higashijima (National Institute for Basic Biology)

Hideaki Takeuchi (Tohoku University)

Exploring the neural geography of the fish social brain

Didier Stainier (Max Planck Institute for Heart and Lung Research)

Genetic compensation in zebrafish, and beyond

Hiroyuki Takeda (The University of Tokyo)

Closing remarks

December 18th (For General Public) in Japanese
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Dec 17th [01]

Discovery of Japanese Eel Spawning Sites
- A Major Scientific Achievement of Dr. Katsumi Tsukamoto -

Jun Aoyama

Otsuchi Coastal Research Center, Atmosphere and Ocean Research Institute,
The University of Tokyo, Japan

g . Although Dr. Katsumi Tsukamoto significantly contributed to
w understanding ecology and life history of many fishes during his long
A »ﬁ' research career, much of his research focused on diadromous species like
Ayu (Plecoglossus altivelis altivelis), Masu salmon (Oncorhynchus
masou) and Japanese eels (Anguilla japonica). His scientific
achievements in migratory ecology of fishes has led to him receiving the
B 38" International Prize for Biology.

One of the prestigious research accomplishments by Dr.
Tsukamoto is the discovery of the Japanese eel spawning sites. After the
spawning area of the Japanese eel was suggested based on the distribution of small larvae in
the western North Pacific by a research cruise he led in 1991, the questions of exactly where
and when do they spawn remained. These questions also applied to the American and European
eels, whose spawning areas were historically estimated to occur over a huge area of the
Sargasso Sea in the Atlantic.

To challenge this long-lasting mystery in marine biology, Dr. Tsukamoto led intensive
analyses of the otolith daily increments of Japanese eel larvae collected in the ocean to have
hints for determining their spawning time. He also conducted re-analysis of the larval
distribution that was accumulated by past research cruises with oceanographic conditions to
have hints for determining spawning sites of the Japanese eel. These approaches led him to
establish the “Seamount hypothesis” and “New moon hypothesis”, which suggested that the
Japanese eel spawns near the West Mariana Ridge during new moon nights in the summer
season. Based on these hypotheses, Dr. Tsukamoto conducted strategically positioned and
timed grid-sampling surveys using the R/V HAKUHO-MARU in the vast western North
Pacific from 1998 and finally achieved the collection of Japanese eel eggs for the first time in
2009 that were genetically identified onboard. Adult spawning eels were also collected by
fisheries trawls in collaboration with National Research Institute of Fisheries Science, Fisheries
Research Agency, Japan. Consecutive collections of the ephemerally present eggs from new
moon spawning events in 2009, 2011, 2012 and 2014 showed that spawning sites changed
locations based on the positions of a salinity front along the southern part of the West Mariana
Ridge.

To further learn about the spawning ecology of the Japanese eel, underwater
observation systems were deployed resulting in the first video recording of an anguillid eel in
their spawning area in 2017. New types of information such as depth of spawning were also
investigated with eDNA.

Discovery of the spawning sites of the Japanese eel and further exploration of their
ecological factors by Dr. Tsukamoto, represent a unique example of a scientific challenge for
such mysterious creatures that migrate thousands of kilometers from continental waters to
spawn in the seemingly featureless offshore ocean. Also important, is that Dr. Tsukamoto used
his discoveries about the mysteries of the Japanese eel to educate the general public using books
or TV programs etc. Recently he has been going directly to public schools to speak to children
about the eels and the importance of its conservation for the future.



Dec 17th [02]

The Eel Syndrome: A Thirty Years Quest to Unravel the Mysteries
of Iconic and Threatened Fishes

Prof. Eric Feunteun'

"National Museum of Natural History, Dinard, France
2Ecole Pratique des Hautes Etudes — Paris Sciences et Lettres

Freshwater anguillid eels appeared about 65 My ago. They have
survived through major climatic changes and the 5™ extinction and have
therefore shown that their extraordinary biological cycle represents an
evolutionary success. Their mysterious life cycle has been the object of
scientific and philosophical debates since more than 2400 years ago
when Aristotle wondered about the origin of the eels. In 1922, Johannes
Schmidt reported on his pioneering discovery of the spawning areas of
Atlantic eels in the Sargasso Sea, and this was followed almost 70 years
later by Dr. Katsumi Tsukamoto who discovered the spawning area of the Japanese eels in
1991. That discovery began his 30-year quest to increase knowledge about anguillid eels that
was joined by many scientists worldwide including many in Europe.

Starting from the 1980s, a steep decline of the eel populations occurred for most of the
temperate eel species, which gave rise to international concern on how to manage the
populations worldwide. This also stimulated research on several key biological characteristics
of anguillid to implement relevant and efficient management plans. What is the variability of
the life history and behavioral traits of eels across their distribution range? How do they
respond to natural and anthropogenic stressors and changes? More specifically what is the
effect of sublethal contamination by organic and elemental pollutants on the fitness of eels?
What controls the silver eels’ catadromous migrations at the onset of their spawning migration?
Where do eels spawn? How long do their migrations last, and what are the orientation
mechanisms? What do eel larvae eat?

The presentation aims to unravel some of the mysteries of the ecology and biology of
anguillid eels in order to build up a general framework towards efficient conservation strategies
of the threatened eels. It will also be shown how Dr. Katsumi Tsukamoto has influenced and
oriented international research on these fascinating and charismatic species through his
involvement to raise awareness and exchange knowledge about anguillid eels and his cruises
to search for the spawning areas of Indo Pacific species.
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Dec 17th [03]

Food Webs in Space: The Influence of Individual Fish Behavior on Linked
Stream-Riparian Ecosystems

Kurt D. Fausch®
1Department of Fish, Wildlife, and Conservation Biology, Colorado State University, Fort
Collins, Colorado, USA

Movements of materials and prey across habitat boundaries create
linkages that strongly affect the dynamics of recipient plant and
animal communities. These “resource subsidies” are most surprising
when they link organisms in aquatic and terrestrial habitats such as
streams and forests. Pioneering research by Dr. Shigeru Nakano of
Hokkaido University and his colleagues revealed that nearly half the
annual energy budget of stream fish like Dolly Varden charr was
supplied by terrestrial invertebrates that fall into streams, and a
quarter of the energy budget of riparian birds came from adult

ek aquatic insects that emerge from streams. Other predators like bats,
lizards, and spiders also rely on these resource subsidies. Moreover, Nakano and others
showed that cutting off these fluxes using mesh greenhouses caused half or more of these
animals to leave. If prevented from leaving using enclosures, they grew slower and shifted to
other food sources, which caused a series of cascading effects in the recipient food web.

Nakano predicted these cascading effects in the stream food web based on our earlier
field research on native charr in a Hokkaido mountain watershed. We found that when
drifting terrestrial and aquatic invertebrates on which Dolly Varden normally feed decline
naturally in summer, or are experimentally depleted, they shifted to picking bottom-dwelling
(benthic) insect larvae directly from the stream bed. Most of these insect larvae graze
streambed algae, so a consequence is that benthic algae increases (termed a trophic cascade).
In addition, when charr deplete benthic insect larvae this reduces emergence of adult insects
to the riparian zone, thereby reducing food for riparian predators like spiders, birds, and bats.

Nakano also discovered that nonnative rainbow trout usurp terrestrial insects from
Dolly Varden, thereby having an effect similar to cutting of terrestrial inputs with a
greenhouse. Our large-scale field experiment manipulating both rainbow trout and
greenhouses showed that adding either treatment alone, or both together, to a stream with
Dolly Varden caused large effects. These included 35-83% declines in benthic stream
invertebrates, insect emergence, and riparian spiders in the riparian zone, as well as about
50% increases in benthic algae. Additional field experiments and comparative studies have
shown that various human effects on stream-riparian ecosystems, such as introducing other
nonnative trout in streams and grazing cattle in riparian grasslands can cause similar
reductions in flows of invertebrates that have strong effects on animals in the linked habitats.

Finally, seasonal changes in the fluxes of insects between stream and riparian habitats
complement the prey that support predators like birds and fish. In the Hokkaido spring
stream Nakano studied, emergence of adult aquatic insects begins in fall and peaks in spring,
feeding birds throughout winter when terrestrial insects are scarce. In contrast, terrestrial
invertebrates fall into the stream from summer to late fall, feeding stream fish during the
period after insect emergence when primarily only tiny aquatic larvae are available.
However, dominance of these terrestrial prey by rainbow trout eliminates this resource
subsidy to Dolly Varden, which is likely a key mechanism explaining why these nonnative
trout are displacing the native charr from many Hokkaido spring streams.
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Phylogeny and Diversity of The Medaka and Relatives: Discoveries and
Challenges.

Lynne R. Parenti

Division of Fishes, National Museum of Natural History, Smithsonian Institution, Washington,
DC, USA

Ricefishes are known best by the bony fish model organism, the
Japanese Medaka, Oryzias latipes (Temminck & Schlegel, 1846). For
over a century, the Medaka and some of its relatives have been at the
center of a multitude of biological investigations. Ricefishes are classified
in the family Adrianichthyidae, which ranges broadly throughout fresh
and brackish waters of Central, South, and Southeast Asia and the Indo-
Malay-Philippines Archipelago as far east as Timor. Forty species are
recognized in two monophyletic genera, Adrianichthys and Oryzias. A
third monotypic genus, Nasutoryzias, was described in 2021 bringing the
| total number of valid species to 41. Classification of ricefishes in the
= | order Beloniformes and the monophyly of the Atherinomorpha, the larger
group to which beloniforms belong, is corroborated by both morphological and molecular data.
In contrast, phylogenetic relationships among the species of ricefishes as proposed by
morphological and molecular data conflict. Possible explanations for this conflict are varied and
include differences in the taxa sampled in each of these studies and the phenomenon of long-
branch attraction.

One-half of the species of ricefishes are endemic to Sulawesi, Indonesia, a geologically
and biologically complex island at the center of the Archipelago. Collections in Sulawesi over
the past three decades have focused on the tectonic lakes, Lake Poso and the Malili Lakes
system. Other regions of Sulawesi also harbor new species and are beginning to be explored.

The number of endemic species is expected to continue to rise with further exploration and with
the study of archival, museum collections. Field collections led to the astonishing discovery of an
endemic species with one of the most striking live colorations of any known ricefish: adult males
and females have a brilliant red and blue color pattern. Equally intriguing is the discovery and
description of the novel reproductive mode known as pelvic brooding. Their unique reproductive
and other morphological characters make Sulawesi’s endemic ricefishes ideal model organisms.
Ricefishes as a group may generate national and international interest in and encourage
conservation of the endemic freshwater biota of Sulawesi. International collaborations will help
train the next generation of biologists and continue to build invaluable natural history collections,
our archives of biodiversity on Earth. Collections-based research can encourage continued
discoveries.
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Dec 17th [05]

The Mitogenomic Contributions to Molecular Evolution and Ecology of

Fishes: Revealing the Patterns of Diversity through Space and Time

Masaki Miya

Natural History Museum and Institute, Chiba, Japan

Mitochondria harbor multiple copies of a maternally inherited, non-nuclear
genome (mitogenome) that encodes 13 subunits of protein-coding genes.
The mitogenome of vertebrates has been widely used for phylogenetic and
o population genetic analyses because of its compact size (16—17 kbp) and
v faster evolutionary rate than the nuclear genome.
A In 1999, I published a new PCR-based approach for sequencing whole
mitogenomes of fishes (Miya & Nishida 1999), which opened a new
avenue toward addressing relationships among major fish lineages. Novel discoveries include
the “resolution of higher teleostean relationships” (Miya et al. 2003), “deep-sea origin of
freshwater eels” (Inoue et al. 2010), “discovery of living fossil eel” (Johnson ef al. 2012), and
“a Paleogene adaptive radiation of Scombridae and its allies” (Miya ef al. 2013). Concurrently,
we launched a database called “MitoFish” (Iwasaki ef al. 2013), which specializes in fish
mitogenomes and provides the gene-annotation function for the user’s convenience.

After the publication of a series of these novel hypotheses, they have been repeatedly tested
and verified (or rarely refuted) by large-scale nuclear genomic data (Dornburg & Near 2021).
I have noticed limits of the mitogenomic data in the phylogenetic analysis of fishes, and my
major interest shifted to scientific investigations leading to more exciting discoveries. One of
them was research using “environmental DNA” (extraorganismal DNA shed from
macroorganisms), and I found that my extensive experience with fish mitogenomes could
significantly change the existing eDNA studies.

After downloading a large amount of data from the MitoFish database and examining the
aligned sequences, I found it possible to design a new set of PCR primers that amplify a short
fragment (ca. 170 bp) from the 12S rRNA gene across diverse kinds of fish species. The new
primers called “MiFish” were designed and tested against eDNA samples from four aquarium
tanks with known fish compositions, and those primers successfully detected more than 230
species (Miya et al. 2015). This method, called “eDNA metabarcoding” (simultaneous
detection of multiple species), coamplifies short fragments of fish eDNA across a wide variety
of taxa and, coupled with high-throughput sequencing technologies, allows massively parallel
sequencing to be performed simultaneously for hundreds of samples.

Recent studies demonstrated that eDNA metabarcoding could predict species richness in a
given area, detect habitat segregation and biogeographic patterns from small to large spatial
scales, and monitor the spatiotemporal dynamics of fish communities. In addition, it can detect
an anthropogenic impact on fish communities by evaluating their functional diversity.

In conclusion, pioneering fish mitogenomic studies covering a wide range of diversity have
greatly contributed to the resolution of fish phylogenies with a history of hundreds of million
years. The fish mitogenomic data from more than 3500 species enabled the development of
eDNA metabarcoding technologies that can tell us where and what kind of fish species from a
bucket of water. These two studies with different scopes and spatio-temporal scales will
continue to deepen our understanding of the evolution and ecology of fish diversity.

13



Dec 17th [06]

Replaying the Tape of Life: How Predictable is Evolution?

Catherine Peichel

Institute of Ecology and Evolution, University of Bern, Switzerland

How predictable is evolution? If we placed similar starting populations into
replicated similar environments and then watched evolution happen, would
each replicate population evolve in a predictable, deterministic way? Or, is
evolution fundamentally unpredictable, dominated by chance events
during and after colonization? Repeated evolution, often called ‘parallel
evolution’, is taken as strong evidence for the role of natural selection in
driving deterministic evolutionary change. I will first discuss our research
identifying the factors that contribute to repeated evolution at both the phenotypic and genetic
level in threespine sticklebacks, a classic system for the study of parallel evolution. One
limitation of our previous studies is that we take a retrospective approach and therefore lack
crucial historical data on the founding ancestral populations and ecosystem changes over time,
which are contingencies that can shape subsequent evolutionary trajectories. An alternative
approach is to conduct forward-in-time experimental evolution studies in which the properties
of the founding populations are known. Then, we could ask whether replicate populations
follow deterministic eco-evolutionary trajectories, or whether contingencies during and after
colonization predominate these trajectories. I will describe just such an experiment in which
we are following eco-evolutionary trajectories in real time. We stocked 8 natural lakes in
Alaska with ~10,000 stickleback fish and will quantify the extent to which these replicate
populations evolve in parallel, with respect to genotypes, phenotypes, and ecosystem properties,
providing the first forward-in-time, highly replicated and whole-ecosystem study of parallel
evolution in nature.
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Dec 17th [07]

Structure, function, and evolution of fish genomes

Leif Andersson'?, Shawn Burgess3, Songlin Chen*, Peter Currie’, Kang Du®, Olivier
Federico’, Paolo Franchini®, Yann Guiguen®, Erich Jarvis'®, Susanne Kneitz!!, Heiner Kuhl'?,
Dunja K. Lamatsch'?, Jing Li®, Axel Meyer®, Gene Myers'#, Mats Pettersson!, Adam
Phillippy’, Martin Pippel'¥, Manfred Schartl®!, Ashley T. Sendell-Price', Matthias Stock!?,
Frank Tulenko’

'Department of Medical Biochemistry and Microbiology, Uppsala University, Sweden;

2De@artn§ent of Veterinary Integrative Biosciences, Texas A&M University, College Station,
SA;’Developmental Genomics Section, National Human Genome Research Institute,

National Institutes of Health Bethesda, USA; “Yellow Sea Fisheries Research Institute, ,
Qingdao, China; >Australian Regenerative Medicine Institute, Monash University, Melbourne,
Australia; ®Xiphophorus Genetic Stock Center, Texas State University, San Marcos, USA;

"Research Center for Genomic and Computational Biology, Duke University, Durham, USA;

8Department of Biology, University of Konstanz, Germany; 9Depart1?3ent of Animal
Physiology and Livestock Systems; INRAE, LPGP, Rennes, France; '’Laboratory for

Neurogenetics and Languages, Rockefeller University, New York, USA; !'Department Cell
Biology and Biochemistry, Biocenter, University of Wiirzburg, Germany; '*Leibniz-Institute
of Freshwater Ecology and Inland Fisheries, Berlin, Germany; '*Research Department for
Limnology Mondsee, University of Innsbruck, Austria; “DRESDEN-concept Genome
Center,Max-Planck Institute of Molecular Cell Biology and Genetics, Dresden, Germany;
SDevelopmental Biochemistry, Biocenter, University of Wiirzburg, Germany

Fish show a most spectacular variety in morphology, physiology
and life history traits exceeding all other groups of vertebrates. For
understanding the development and evolution of this diversity
comparative genomics provides important information.

With the availability of a growing number of high-quality
chromosome-level genome assemblies of fish species from many
phylogenetic lineages we can also study how the genomes itself have
evolved. While most fish species have a modal genome size around 1 Gb,
some groups underwent contractions or expansions of the cellular DNA
content. In particular, lungfishes are famous for their enormous genome size. Sequencing of the
Australian, African, and South American lungfish genomes revealed that the expansion is not
due to polyploidy, but to a massive propagation of transposable elements. Mechanisms, which
led to transposon multiplication driving total genome size to about 90 Gb, 30 times larger than
the human genome and 100 times that of an average teleost genome, will be discussed, and if
and how the structural arrangements of exons, promoters, enhancers and conserved non-coding
elements impact on appropriate gene expression control.

Some fish lineages evolve amazingly fast with new adaptations occurring in short
periods. On the contrary, others are characterized by a kind of relative morphological stasis if
compared to their fossil ancestors. This is attributed to a slow evolutionary rate. Using high
precision whole genome sequencing of parents and their offspring the lowest mutation rate
reported so far for a vertebrate was determined in a cartilaginous fish. The question arises how
- with such a low rate - evolution can generate enough genetic diversity as a basis for adaptation
and radiation.

The most peculiar constituents of genomes are the sex chromosomes. They follow a
specific evolutionary trajectory, which is uncoupled from the rest of the genome. Again, fish
show the greatest plasticity of sex determination mechanisms and sex chromosome structures.
Even with the most advanced technologies of long-range sequencing and scaffold assembly
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methods, sex chromosomes often remain fragmented as few large pieces and many small
unassigned scaffolds. Despite, reference genome sequencing together with re-sequencing or
pool-sequencing of several males and females has provided us with lots of information on the
structure of X, Y, W, Z, neo-Y chromosomes, and B-chromosomes that act as sex determining
chromosomes. Their variety does not follow any phylogenetic pattern, and different ancestral
linkage groups gave rise to the sex chromosome pair. They arose repeatedly and independently,
and sex chromosome turnover is frequently observed. While the majority of the so far studied
sex chromosomes are relatively young, ranging from a few hundred thousand to several million
years of age, others are much older, tens of millions of years, or can be traced back even to the
origin of a certain taxonomic group as in sturgeons. The molecular differentiation between the
homogametic and the heterogametic sex chromosome can be only a few nucleotide changes or
in the extreme case manifest in a massive degeneration and gene loss like the W of birds and
the Y of mammals. The extent of molecular differentiation and the speed with which this occurs
is another lineage-specific feature, but as a common phenomenon, the accumulation of
transposable elements is a most effective driver of sex chromosome structural diversification.
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Dec 17th [08]

Germ cell manipulation in fish: Little tuna produces bluefin tuna sperm

Goro Yoshizaki

Institute for Reproductive Biotechnology for Aquatic Species,
Tokyo University of Marine Science and Technology, Japan

If parent fish producing eggs and sperm derived from another species could be produced,
they would have many biotechnological applications. Bluefin tuna is a very popular high-end
fish used as an ingredient in sushi and sashimi, but its parent fish are very large and take 3-5
years to mature. Thus, the collection of fertilized eggs is time-consuming, expensive, and
requires extensive breeding facilities. If a closely related species with a smaller size and shorter
maturation period could be used as a surrogate parent to produce bluefin tuna gametes, the
fertilized egg supply for this species would be greatly simplified.

Regarding fishes, a hatchling has an immature immune system and is therefore
significantly less capable of rejecting cells derived from other species. Furthermore, during
embryonic development, germ cells emerge outside of the gonadal anlagen and migrate to the
gonadal anlagen by amoebic movement induced by chemokines secreted from the gonadal
anlagen. Therefore, we transplanted germ-line stem cells (GSCs) collected from the gonads of
rainbow trout into the abdominal cavity of masu salmon larvae soon after hatching. We found
that rainbow trout—derived GSCs survived in the masu salmon recipients without immune
rejection and were incorporated into the gonadal anlagen of the recipients through amoebic
movements, where they initiated gametogenesis. We confirmed that the masu salmon recipients
thus produced rainbow trout eggs and sperm when they matured. Furthermore, when these
masu salmon recipients were sterilized by triploidization, they produced only gametes derived
from donor rainbow trout.

Therefore, using small Scombrid species as a recipient, we attempted to use this
technology to produce eggs and sperm of bluefin tuna. We transplanted bluefin tuna GSCs into
the body cavities of recipient hatchlings using various small Scombrid species and found that
eastern little tuna, a subtropical species whose spawning area overlaps significantly with that
of bluefin tuna, most efficiently incorporated bluefin tuna GSCs into the recipient gonadal
anlagen. However, the early survival of this species was extremely low, and few transplanted
recipients survived. Therefore, we produced a hybrid with Atlantic little tuna and used it as a
recipient to achieve hybrid vigor. The resulting hybrids showed a very high survival rate and
survived well even after the transplantation of bluefin tuna GSC. Furthermore, after continuous
rearing of these hybrid recipients, they produced bluefin tuna sperm in eight months. In the
future, our research will focus on the goal of producing bluefin tuna eggs. These techniques
not only greatly simplify the production of bluefin tuna seedlings but also shorten the
generation time, which, when combined with marker-assisted selection breeding, is expected
to greatly shorten the establishment of valuable strains. We have also established a technique
to cryopreserve GSCs for transplantation in liquid nitrogen. This technique can be applied to
the long-term preservation of the genetic resources of any fish species.
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Exploring the Neural Geography of the Fish Social Brain

Hideaki Takeuchi!

Graduate School of Life Sciences, Tohoku University, Japan 2

Within group-living animals, individuals appropriately tailor attitudes
and responses to other group members according to the social context and
external environment. At the simplest level, the behavioral output can be
described as approach and affiliation (positive response) versus agonistic
behavior and avoidance (negative response). The neural substrate that works
- between sensory input and behavioral output, or the integrative circuits

underlying decision-making processes, however, is vast and mysterious. To
address this issue, we have focused on medaka fish, a model animal used mainly in the field of
molecular genetics.

First, we demonstrated that medaka females recognize familiar males following prior
visual exposure, and social familiarity influences female mating receptivity. Medaka females
exhibit a positive response (high receptivity) to familiar males and a negative response (low
receptivity) to unfamiliar males. Further, we demonstrated the essential role of a subpopulation
of gonadotropin-releasing hormone-producing neurons (GnRH3 neurons) in regulating the
female receptivity (Okuyama et al., 2014).

Next, we found that medaka use faces (head parts) for individual recognition. Females
can discriminate between two male faces and two objects, but the upside-down of faces made
it more difficult to discriminate between them. When discriminating between two non-face
objects, upside-down did not affect it. Thus, faces may be special for fish, just as humans
(Wang and Takeuchi 2017). This is the first study that shows the face inversion effect in
animals other than mammals.

Finally, we revealed the involvement of an oxytocin homolog (isotocin, referred herein
as OT) in mate choice in medaka fish. Females prefer to mate with familiar mates, whereas
males court indiscriminately, irrespective of familiarity. The OT system was essential for
eliciting female mate preference for familiar males, while it was also required for unrestricted
and indiscriminate mating strategy in males. Our findings showed that the OT system plays a
role in the mate choice for familiar individuals in a sex-specific manner in medaka fish (Yokoi
et al 2020).

1) A neural mechanism underlying mating preferences for familiar individuals in medaka fish
T. Okuyama, S. Yokoi, H. Abe, Y. Suehiro, H. Imada, M. Tanaka, T. Kawasaki, S. Yuba, Y.
Taniguchi, Y. Kamei, K. Okubo, A. Shimada, K. Naruse, H. Takeda, Y. Oka, T. Kubo, and H.
Takeuchi, Science 343, 91-94 (2014).

2) Individual recognition and the 'face inversion effect' in medaka fish (Oryzias latipes). M.Y.
Wang and H. Takeuchi, eLife, 6, 24728 (2017).

3) Sexually dimorphic role of oxytocin in medaka mate choice. S. Yokoi, K. Naruse, Y. Kamei,
S. Ansai, M. Kinoshita, M. Mito, S. Iwasaki, S. Inoue, T. Okuyama, S. Nakagawa, L.J. Young,
and H. Takeuchi, Proc. Natl. Acad. Sci. 117,201921446 (2020).

18



Dec 17th [10]

Transcriptional Adaptation, a Newly Discovered Mode of

Genetic Compensation.

Didier Stainier' and lab

Max Planck Institute for Heart and Lung Research, Bad Nauheim, Germany

Each human genome has been reported to contain
approximately 100 loss-of-function (LoF) variants, with roughly 20
genes completely inactivated. Some of these completely inactivated
genes are essential genes, and yet they are present in a homozygous
state in apparently healthy individuals. This totally unexpected lack of
phenotype has also been observed in commonly studied model
organisms including yeast, flies, worms, plants, fish, and mice.
Various hypotheses have been proposed to explain these findings
including Genetic Compensation (GC). GC manifests itself as altered gene/protein expression,
or function, which leads to a wild-type-like phenotype in homozygous mutant or heterozygous
individuals who would be predicted to exhibit clear defects (reviewed by El-Brolosy and
Stainier, PLoS Genetics, 2017). Traditionally, GC has been thought to involve protein
feedback loops such that if one component of a regulatory pathway is deficient, a compensatory
rewiring within a network or the activation of a functionally redundant gene occurs. However,
not every major regulatory network has evolved to incorporate such complex features. Another
mechanism of GC is the newly identified process of Transcriptional Adaptation (TA): some
deleterious mutations, but not all, trigger the transcriptional modulation of so-called adapting
genes. In some cases, e.g., when one (or more) of the upregulated adapting genes is
functionally redundant with the mutated gene, this process compensates for the loss of the
mutated gene’s product. Notably, unlike other mechanisms underlying genetic robustness, TA
is not triggered by the loss of protein function. This unexpected observation has prompted
studies into the machinery of TA and the contexts in which it functions.

We discovered TA while trying to understand the phenotypic differences between
knockout (mutant) and knockdown (antisense treated) zebrafish embryos (Rossi et al., Nature,
2015). Further studies identified additional examples of TA in zebrafish as well as examples
in mouse and human cell lines. By generating and analyzing several mutant alleles for these
genes, including non-transcribing alleles, we found that mutant mRNA degradation is required
to trigger TA (EI-Brolosy et al., Nature, 2019). Based on these and other data, we hypothesize
that all mutations that cause mutant mRNA degradation can trigger TA. We have also observed
TA in C. elegans, and through a targeted RNA1 screen followed by genetic analysis, found a
role for small RNA biogenesis in this process (Serobyan et al., eLife, 2020). This presentation
will also go over our unpublished data on TA including the transgenerational inheritance of
this process.
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