Advancement of Asian Cassava Molecular Breeding towards SDGs
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Abstract: Cassava is an important tropical starch crop that provides food security, income generation and industrial
application in tropical countries. We have developed cassava research platform towards advancing molecular breeding and
understanding biological phenomena by the international collaborations between Japan, Vietnam, Thailand, and Colombia.
The platform provides: a) 20,000 full-length cDNA resources, b) Omic analyses, c) integrative database, d) transformation
system and ¢) CRISPR/Cas9-mediated mutagenesis. We optimized the system for induction of friable embryonic calli in
cassava. Using the improved protocol, we have produced several transgenic cassava plants to improve cassava biomass
quantitatively and qualitatively. We also have analyzed the molecular mechanisms of various biological phenomena, such
as tuberization, disease resistance, drought and high-salinity stress response by integrative Omic analyses. Furthermore, we
have analyzed the effects of environmental factors on the developmental phenotypes in the fields of Vietnam and Cambodia.
RIKEN group has educated young Asian researchers cutting-edge plant science. We hope that our approach using the
cutting-edge research platform and ICT will advance the molecular breeding of useful cassava plants, such as high-yield,
increased stress tolerance and beneficial modifications of starch quality and contribute to solve the SDGs.

Keywords: Biomass, Cassava, Molecular Breeding, Southeast Asia, Starch, Stress Tolerance

Introduction

:f*
&7 Chromosome : n=18

4 Genome Size : 760 Mbp &
ak /| - A

Cassava (Manihot esculenta Crantz) is a tropical crop
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Figure 1. Cassava is an important tropical crop without waste.
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have highlighted the importance of cassava studies on
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of the constraints facing cassava productivity, such as biotic and abiotic stresses, and starch quality. Although cassava
exhibits higher tolerance to drought than other crops, it would still be expected to benefit from the efforts aimed at
increased tolerance to drought and other stresses. In Southeast Asia, cassava has been distressed by various pest and disease
problems. The analysts reported that there was a reduction in Thai cassava output by at least 30% in 2010 by mealybugs.
Recently, Sri Lankan Cassava Mosaic Virus (SLCMYV) has been found in Cambodia in 2016 and in Vietnam in 2018 [1, 2].
Among them, cassava mosaic disease (CMD) caused by CMV has caused serious and widespread damages, limiting
production of the crop in Africa. CMD outbreak is on-going in Southeast Asia. On the other hand, applications of cassava
starch (also known as tapioca) are found in the textile and pharmaceutical industry and food manufacturing [3]. The starch
is composed of two molecules; amylopectin and amylose. The modifications of ratio and structure of these molecules
improve the quality of cassava starch. The amylose-free cassava starch has been bred to show a higher swelling power,
clearer pastes and a better freeze-thaw stability, of which properties are highly desirable in many food applications in
comparison to starch from wild-type [3]. However, the breeding progress has been slow due to cassava’s long generation
time and complex genetic makeup, which makes it difficult to breed efficiently. Therefore, to overcome these obstacles,
effective molecular breeding strategies are necessary to develop the useful cassava plants, such as high-yield and high-value
starch under the stress conditions by the use of advanced technologies. Towards such Sustainable Development Goals
(SDGs), we have advanced international cassava collaborative research since about 10 years ago in collaboration with the
research groups of Thailand, Vietnam and Cambodia.

In this conference, we report our international cassava collaborative research including transformation and genome
editing technology applications.

1. Materials and Methods

Cassava Cultivars: The African cassava cultivar “60444 (Manihot esculenta Crantz)” was obtained from the International
Institute of Tropical Agriculture (IITA, Nigeria) in vitro cassava germplasm collections.

Plant preparation: Approximately 2 to 3 cm stems from cassava plantlets were transplanted to a plastic pot with 100 mL
of Murashige & Skoog (MS) media (pHS5.8) containing 20 g/L sucrose, 4.4 g/L MS salts containing vitamins (Duchefa), 2
uM CuSO4 (Wako), and 3.0 g/L gelrite (Wako) [4]. The plantlets were maintained under a 16-h illumination of 100 pmol
photons m?sec™ at 28°C.

Vector construction: Oligonucleotide pairs for the target sequences (5’-AAACGGAGCTCACACTTGAGCATC-3’ and
5’-GAGGGATGCTCAAGTGTGAGCTCC-3") of granule-bound starch synthase I (GBSS1) from cassava were annealed,
and the resulting fragments cloned into the Bbsl site of the sgRNA cloning vector p2x35SgRNA between the two /-Scel
sites of the vector. To complete the all-in-one binary vector harboring sgRNA, Cas9 and an HPT expression construct,
pZH_gYSA PcUbiFFCas9 was used. The p2x35SgRNA was excised at the /-Scel sites and the resulting fragment was
ligated into pZH_gYSA PcUbiFFCas9 [5].

Cassava transformation: Agrobacterium-mediated transformation was performed using friable embryogenic calli (FEC)
from the 60444 cultivar essentially as reported previously (Fig. 2) [6].

2. Results and Discussion:

To apply on the cassava plant science using current advanced technologies, the activities supported by Ministry of
Education, Culture, Sports, Science and Technology (MEXT) and JST e-ASIA Projects has advanced two international
cassava collaborative projects:(1) “Towards food security in Asia and Africa by development and application of advanced
molecular breeding technologies for the tropical crop, cassava” (2009-2012, with CIAT, Mahidol University, and AGI,
supported by Strategic Funds for the Promotion of Science and Technology, MEXT) and (2) “Advancement of Asian
cassava molecular breeding by cutting-edge technologies” (2012-2015, with AGI and Mahidol University, e-ASIA project
supported by JST) [7, 8]. RIKEN group has developed an integrative and functional genomics platform necessary for the
advancement of the cassava molecular breeding (Fig. 3). The oligo DNA microarray containing about 30,000 cassava genes,
heavy ion beam-mediated mutagenesis, and transformation technology of these platform have been used for identification
of useful gene candidates and the evaluation of gene function (Fig. 3) [9-11].



Figure 2. FEC induction and genetic transformation in the cassava cultivar 60444
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group in the program of Japan Society for the
Promotion of Science (JSPS) for Advancing Strategic International Networks to Accelerate the Circulation of Talented
Researchers (2016-2018). CRISPR/Cas9 technology has emerged as a powerful technology for genome editing and is now
widely used for not only animal research but also plant studies to analyze the gene function. We attempted the targeted
genome editing of cassava granule bound starch synthase I (GBSSI) gene to produce amylose-free cassava and confirmed
the detection of genome editing on GBSSI gene and the loss of amylose as expected (Fig. 4). These results demonstrate that
the CRISPR/Cas9 technology is effective for improving the cassava starch traits.

SATREPS cassava project (2016-2020; supported by JST/JICA) has been ongoing as an international collaboration
among research groups from Japan, Vietnam, Cambodia, and Thailand towards establishment of the management system for
healthy cassava seeds in addition to development of new cassava breeding technologies to shorten the breeding cycle [13].
Several technologies and research products developed in the previous research have been applied to the SATREPS project
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Figure 4. Gene-editing by CRISPR-Cas9 of cassava GBSS1 gene involved in amylose biosynthesis of starch.

(4) Representative sequences of mutant alleles identified in transgenic plants of cassava GBSS1 gene. The sequence of wild-type (WT) is
shown at the top with the protospacer adjacent motif (PAM) sequence highlighted in gray, and the target sequence in underline. Dashes,
deleted bases. The net change in length is noted to the right of each sequence. The number of clones representing each mutant allele is shown
in the column on the right. (B) Iodine staining of leaf starch from mutant line (GBSS1-6) and WT. Leaf from WT was stained to black, whereas
leaf from the GBSSI1-6 was colored to brown due to the loss of the amylose.

3. Conclusions and Future Perspectives:

The global research network is so important for advancing cassava molecular breeding and provides cassava researchers
with the useful tools, knowledge and good opportunities each other. The goal of ILCMB is to provide genetic solutions to
overcome the challenges highly relevant to cassava producers as well as to offer opportunities to producers and end users
such as commercially valued traits. We are also trying to exploit ICT to cassava cultivation in the fields of Vietnam and
Cambodia in the SATREPS program. It is limited to utilize many knowledges to problems that occur in natural
environments or agricultural fields at present, although cutting-age technologies give many knowledges to our
understanding of physiological manner. In particular, understanding of the molecular mechanisms of flowering and tuberous
root formation in cassava are the most important research themes (Fig. 5). Our approach using the cutting-edge research
platform and ICT will advance the molecular breeding of useful cassava plants, such as shortening of breeding cycle,
high-yield, increased stress tolerance and beneficial modifications of starch quality, and contribute to solve the SDGs.
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Figure 5. ICT application towards improvement of important agronomic

traits, such as flowering and tuberous root developments in Southeast Asia.
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