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Genome editing in diatoms: achievements and goals
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Abstract

Diatoms are major components of phytoplankton and play a key role in the ecology of aquatic ecosystems. These algae are
of great scientific importance for a wide variety of research areas, ranging from marine ecology and oceanography to bio-
technology. During the last 20 years, the availability of genomic information on selected diatom species and a substantial
progress in genetic manipulation, strongly contributed to establishing diatoms as molecular model organisms for marine
biology research. Recently, tailored TALEN endonucleases and the CRISPR/Cas9 system were utilized in diatoms, allowing
targeted genetic modifications and the generation of knockout strains. These approaches are extremely valuable for diatom
research because breeding, forward genetic screens by random insertion, and chemical mutagenesis are not applicable to the
available model species Phaeodactylum tricornutum and Thalassiosira pseudonana, which do not cross sexually in the lab.
Here, we provide an overview of the genetic toolbox that is currently available for performing stable genetic modifications
in diatoms. We also discuss novel challenges that need to be addressed to fully exploit the potential of these technologies for
the characterization of diatom biology and for metabolic engineering.
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able resource of biomass for feed, food, energy, and other

Integrative Marine Ecology, Stazione Zoologica Anton value-added products. After the first reports on successful
Dohrn, Villa Comunale 1, Naples 80121, Italy C .. . .
biolistic transformation of diatoms such as Cyclotella cryp-
5 . . . . . . .
glsgtuteHofSPla}rLt EC‘e‘;CeS ;“/‘;i C?enletlcs ‘; Air iculture, tica (Dunahay et al. 1995) and Phaeodactylum tricornutum
obert H. Smith Faculty of Agriculture, Foo . . .
and Environment, The Hebrew University of Jerusalem, (Apt et al. 1996; Falciatore et al. 1999) had been published,
76100 Rehovot, Israel this transformation method quickly became the standard
6 Department of Biochemistry and Molecular Biology, for genetic diatom modification (Fischer et al. 1999, Apt
Tel-Aviv University, Tel-Aviv 69978, Israel et al. 2002; Buhmann et al. 2014; Ifuku et al. 2015). More
7 Laboratoire de Biologie Computationnelle et Quantitative, recently, highly efficient protocols for introducing transgenes
Institut de Biologie Paris-Seine, Sorbonne Université, CNRS, into diatoms via electroporation (Niu et al. 2012; Miyahara

75005 Paris, France

Published online: 23 August 2018 @ Springer


http://orcid.org/0000-0003-4734-8955
http://crossmark.crossref.org/dialog/?doi=10.1007/s00299-018-2334-1&domain=pdf

	Genome editing in diatoms: achievements and goals
	Abstract
	Introduction
	Genome editing
	TALE nucleases
	CRISPRCas9

	Expression of endonuclease genes
	Screening
	Future improvements for controlled genome editing in diatoms
	Acknowledgements 
	References




