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Abstract 

Genomic perspective on the evolution of plants and animals 

The comparative study of genomes provides a window into the origin and evolution of plant and 
animal diversity.  Contemporary genomes evolved by descent with modification from earlier 
sequences, accumulating both neutral and adaptive mutations, with varying genomic impact 
ranging from small changes in sequence to radical changes in chromosome number and gene 
content. We apply the general comparative principle: features that are shared by two or more 
genomes were either present in their common ancestor, or evolved convergently. 
This principle allows us, for example, to infer the gene content and even genome structure of early 
vertebrate by comparing genomes of appropriately chosen living species, and to discern macro-
evolutionary trends.  Similarly, analysis of genetic variation within individual species or between 
closely related populations sheds light on the evolutionary mechanisms underlying the origin and 
diversification of new species. The dynamic nature of genomes, including the waxing and waning of 
transposable elements that generate complex repetitive patterns, also provide opportunities for 
inferring past events that shaped the diversity of life. 
 

1. Staff 

 Dr. Daria Gavriouchkina, postdoctoral researcher 
 Dr. Chikatoshi Sugimoto, postdoctoral researcher 
 Dr. Yuko Hasegawa, technician 
 Mr. Jeff Jolly, technician 
 Ms. Lin Zhang, technician 
 Dr. Ferdinand Marletaz, visiting researcher 
 Ms. Chika Azama, research unit administrator 
 Ms. Kiyoko Yamada, research unit administrator 

 

2. Collaborations 
2.1 Theme:  Origins and diversity of mandarin citrus 

o Type of collaboration: Collaboration 
o Researchers 

 Prof. Fred Gmitter (University of Florida, USA) 
 Dr. Albert Wu (DOE Joint Genome Institute, USA) 
 Dr. Hideyasu Kinjyo (Okinawa) 
 Dr. Fumimasa Musebe (Okinawa Prefectural Agricultural Research Center) 
 Prof. Manuel Talon (Instituto Valenciano de Investigaciones Agrarias, Spain) 

 



 
2.2 Theme: The evolution of metazoan genomes 

o Type of collaboration: Collaboration 
o Researchers 

 Prof. Jeramiah Smith (U. Kentucky, USA) 
 Prof. Oleg Simakov (University of Vienna, Austria) 
 Prof. Richard E. Green (University of California, Santa Cruz, USA) 
 Prof. Chris Lowe (Hopkins Marine Station, Stanford University, USA) 

 
2.3 Theme: Evolution and diversity of cephalopods 

o Type of collaboration: Collaboration 
o Researchers 

 Prof. Oleg Simakov (University of Vienna, Austria)  
 Dr. Carrie Albertin (Marine Biological Laboratory, Woods Hole) 
 Prof. Cliff Ragsdale (University of Chicago, USA)  
 Dr. Joshua Rosenthal (Marine Biological Laboratory, Woods Hole) 
 Prof. Gustavo Sanchez-Silva (Hiroshima University, Japan) 

 

3. Activities and Findings 
3.1 Evolution and diversity of citrus 

 
The species diversity of the genus Citrus, which includes some of the most widely cultivated fruit 
crops worldwide, is poorly understood, in part due to their propensity for hybridization and 
asexual reproduction by nucellar embryony (a form of apomixis). We have used genomic, 
phylogenetic and biogeographic analyses of diverse citrus germplasms to identify primary citrus 
species and their role in producing admixed or hybrid taxa. Our early studies established a new 
evolutionary framework for the genus Citrus, and we have extended this synthesis to include 
Japanese and Ryukyuan citrus. In addition to providing insights into the genealogy of well-known 
cultivars, we find an extensive network of relatedness that illuminates the population genetics of 
diverse Okinawan accessions and their relationship to mainland Japanese and Asian citrus. These 
studies also illuminate the origin and spread of an apomixis gene that allows hybrids with desirable 
traits to be stably propagated.   
 
3.2 The evolution of metazoan genomes  
 
We have developed new methods for analyzing the evolution of genomes at the level of their 
chromosomal organization and are using these methods to explore the evolution of animals. Our 
analysis conclusively answers several puzzles about early vertebrate evolution.  We provide 
definitive proof that (1) all vertebrates (including jawless lampreys and the jawed fishes and land-
dwelling vertebrates) share one common whole genome duplication (“1R”), (2) jawed vertebrates 
share a second whole genome duplication (“2Rjv”) that not found in lampreys, and (3) the jawed-
vertebrate specific duplication occurred via allotetraploidy, a process that occurs via hybridization 
of distinct progenitors.  We are applying these approaches to other animals including hydra, 
hemichordates, and hagfishes. 
 

 
 



3.3 Evolution and diversity of cephalopods 
 
Our unit previously led the genome sequencing of the Octopus genome, contributed to the study of 
the E. scolopes (Hawaiian bobtail squid) genome, and characterized the local bobtail squid around 
Okinawa.  We are currently working on several new cephalopod genomes, including reference 
quality genomes for the longfin inshore squid famous for its giant axon and for a Japanese bobtail 
squid that is an emerging model system for cephalopod biology. Remarkably, we find that 
karyotypes are broadly stable among cephalopods but rearranged relative to other molluscs, and 
find distinct regimes of RNA editing based on in depth analysis of transcriptomes. Genome 
skimming of diverse bobtail squid illuminates the phylogeny and biogeography of this diverse 
group but whose an emerging model system.  Bobtail squid are emerging models for host-microbe-
interactions, behavior, and development, yet their species diversity and distribution remain poorly 
characterized.  Ongoing studies include characterization of life history and culture conditions of 
Japanese bobtail squid, behavioral adaptation to light and texture, and the structure and 
organization of the central nervous system. 
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4.2 Books and other one-time publications 

1. Minemizu, R., Ikeda, N., Sugimoto C (as the editorial supervisor) (2020). "'How different 
between octopus and squid?' picture book about comparing animals." Poplar Publishing, 32 
pages. 

4.3 Oral and Poster Presentations 

1. Sugimoto, C., Rokhsar, D. S. Evaluation of spatial cognitive and communicative ability of 
bobtail squids with LED light stimuli, Japanese Society of Fisheries Science, online meeting, 
Japan, March 29 (2021) 

5. Intellectual Property Rights and Other Specific Achievements 

Nothing to report 
 

6. Meetings and Events 

Nothing to report 
 

7. Other 

Nothing to report 


