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Introduction
Howmanyspeciesexist on Earth? It’s a fundamental question that
researchers have struggled to answer.While twomillion distinct
specieshave alreadybeen cataloged, the world’s amazing diversity
means it’s likely there aremore plants, insects, andmicrobes that have
yet to be discovered. Helping to identify, characterize, and catalog the
diversity of species, on land and in the sea, is one of the goals of
researchers at the Okinawa Institute of Science and Technology
(OIST) on the island of Okinawa in Japan.

It is no small undertaking. Consider the ocean: given its vast size and
depths, the NationalOceanic and AtmosphericAdministration (NOAA)
believes that less than 10 percent of ocean specieshave been
classified and cataloged to date.1Using newmethods, scientists now
estimate that the world contains somewhere between one and six
billion living species, one thousand—foldmore than those already
described in the scientific canon.2

Next-Generation Sequencing Informs Research Studies

Dr. Nana Arakaki is a manager in the DNA Sequencing Section
(SQC) at OIST. The SQC team uses the high-throughput
NovaSeq 6000 System to perform sequencing for evolutionary
genomics studies of chordates and other marine life. As the core
lab at OIST, the SQC team provides sequencing services to
zoologists and biologists at OIST and other researchers
throughout the world.

“Our services range from de novo sequencing, resequencing, RNA-
Seq, ChIP-Seq, and amplicon sequencing,” Dr. Arakaki said. “In
collaboration with different research units, we have supported studies
on variousmarine invertebrates, including starfish, the acorn worm,
the pearl oyster, octopus, and squid, aswell as different seaweeds.”

Their focusonmarine life isn’t by chance. OIST is home to Professor
NoriyukiSatoh’s esteemedmarine genomics laboratory. “Japan hasa
long tradition in the studyof marine biology,” Professor Satoh said.
“We have variousmarine stationsaround the nation and researchers
have discovered a significant amount of information about the different
organisms that live around them. Today, genome sequencesof those
organismsare being used by researchers to accelerate further study.”

Understanding and Preserving Okinawa’s Biological Heritage

Part of the OIST mission is to conduct research that can “contribute to
the sustainable development of Okinawa.”3 To that end, Dr. Arakaki
and her team are working on several projects that affect the Okinawan
ecosystem and industries directly. “We are performing several de novo
sequencing projects on organisms that are found near or onOkinawa

island,” Dr. Arakaki said. “Some are important so that we can support
their studieson the evolutionary history of animals. Others havemore
impact on theOkinawan economy.”

One of the laboratory’smajor projects involved sequencing the
genome of Acanthaster planci, better known as the crown-of-thorns
starfish. Together with tropical cyclones, this predatory starfish species
is thought to be one of themain causesof hard coral reef damage
throughout the Pacific. 4,5 “The crown-of-thorns starfish species is the
natural enemyof coral reefs,” said Dr. Ryo Koyanagi, formerly a
research support specialist on the SQC team. “To help preserve coral
reefs, it is important that we understand how and why theyare so
damaging. After studying the genome, we found that the population
genetics of this starfish are quite interesting.”

Crown-of-thorns starfish feed on hard coral. During “outbreaks,” large
numbersof the starfish amasson a single reef, leading to its
destruction. Scientists had not known how or why such large numbers
would aggregate in a single place. The next-generation sequencing
(NGS) servicesprovided bySQC enabled Professor Satoh and his
colleagues to identify gene products that enable these starfish to
communicate with one another, offering a new target for biocontrol
strategies in the future.

The SQC team hasalso sequenced the genomesof other coral
species. “By looking at coral genomes, we can see why theymight
disappear suddenly in a wide area, perhapsbecause of temperature,”
Dr. Koyanagi said. “Understanding the genetic background and other
information that we gain from sequencing enablesus to learnmore
about these organisms.”

Dr. Nana Arakaki is amanager and Dr. Ryo Koyanagi was formerly a research
support specialist in the DNASequencing Section (SQC) at OIST in Okinawa,
Japan.

Exploring the Unknown: Next-Generation
Sequencing Supports Species Research
The NovaSeq™ 6000 System is enabling OIST researchers to sequence and study various
ocean and land species.
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OIST researchers have teamedwith the SQC tomake remarkable
discoveries regarding the evolution of habu snake venom6; the
photosynthetic properties of Symbiodinium, an important single-celled
organism that helps keepmarine ecosystemshealthy;7 and the
genomicsof brown algae, an edible seaweed.8Current studiesare
focused on sequencing local fish, seaweeds, terrestrial animals, and
even Shikuwasa, a small citrus fruit native to the island.

"The lower cost of sequencing is
attractingmoreOIST researchers to
use our sequencing services, enabling
them to study animal phyla from a
molecular biology point of view.”

“All these speciesare very special to our island,” Dr. Koyanagi
explained. “Theyare part of our culture. Data about their genomeswill
help usunderstand these speciesand their evolutionary stories.
Because theyare cultivated in Okinawa, understanding their genomes
is also important to the agricultural industry. The data will enable us to
improve productivity, cultivation, and resistance against disease.”

Exploring the Unknown Using the NovaSeq 6000 System

Sequencing wasonce time- and labor-intensive. It tookweeks to
perform basic genome analysis. “Before NGS, our studieswere
performed using Sanger sequencing, which is only targeted for a
limited number of genes,” Dr. Arakaki said. “Because of the technical
limitations, there weremanyhypotheses that could not be tested.”

The crown-of-thorns starfish is one of the largest starfish in the world and is
found throughout the Indian and Pacific Oceans.

Dr. Arakaki believes that the NovaSeq 6000 System hasmade a
positive difference in their work. The system significantly reduces their
sequencing costs and offers greater flexibility and accuracy. Before the
NovaSeq 6000 System, the sequencing projects that the team
performsnow would have been unthinkable, and the costs and time
involved prohibitive.

“With the NovaSeq 6000 System, the throughput is high and analysis is
very sophisticated,” Dr. Koyanagi said. “Instead of getting 20
megabases, we can easily finish 400megabasesof the genome. Our

fast sequencing turnaround hasenabled Professor Satoh to complete
projectswithout having to collaborate with other specialists.What
would take years using Sanger sequencing can now be performed in
dayswith NGS.”

Dr. Koyanagi appreciates the improved user interface of the NovaSeq
6000 System, and its ease of use and flexibility. “With all the reagents
packed into the cassette, it ismuch easier to handle them,” Dr.
Koyanagi added. “We no longer worry about making amistake. The
short run time of the NovaSeq 6000 Systemmakes it easy to organize
our sequencing schedule.We don’t have to wait for a long time to
perform our work. The NovaSeq 6000 System is very efficient.”

Yet, themost important feature of the NovaSeq 6000 System for the
SQC team is its high data quality. The system enables them to perform
analyseswith higher resolution, without the need for reference
genome sequencing, and with smaller amounts of data. “We started
using the NovaSeq 6000 System to reduce our sequencing costs so
that we could runmore samplesand staywithin our budget,” Dr.
Arakaki said. “Yet, it has somanyother advantages. The NovaSeq
6000 System is an invaluable tool in mywork. It’s amazing to be
involved in such important projects, doingmypart to help researchers
achieve their goals.”

Moving Forward

Current SQC studies include sequencing the cobia, a fish found in
Okinawa and elsewhere in the PacificOcean. Theyplan to continue
sequencing variousmarine organisms, aswell as terrestrial species
native to Okinawa, doing their part to help catalog new and interesting
species in Japan and beyond.

“The NovaSeq 6000 System is transforming research at OIST,” Dr.
Koyanagi said. “Its high throughput enablesus to analyze data quickly.
The lower cost of sequencing is attractingmoreOIST researchers to
use our sequencing services, enabling them to studyanimal phyla from
amolecular biologypoint of view.”

“We are very excited about the role that the NovaSeq 6000 Systemwill
play in future aquaculture studies,” Dr. Arakaki added. “There are so
manypossibilities for new discoveries because this area is still largely
unexplored.”

Dr. Koyanagi agrees. “There are still somanyspecies to be
sequenced and somuchmore to explore here and in other parts of the
world,” Dr. Koyanagi said. “It’s very exciting to hear about what our
researchers have learned from the sequencing data that we provide.
The NovaSeq 6000 System always seems to find something
unexpected.”

See how OIST is expanding aquaculture with NGS:
OIST video, www.illumina.com/company/video-hub/9LR4SRwJv-
Y.html
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Learnmore about the systemmentioned in this
article:
NovaSeq 6000 System, www.illumina.com/systems/sequencing-
platforms/novaseq.html
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