
Abstract

Mutation of MsSPL8 Alleles via CRISPR/Cas9-Mediated
Genome Editing Leads to Superior Abiotic Stress Resiliency
and Distinct Morphological Alterations in Alfalfa †

Stacy D. Singer 1,*, Kimberley Burton Hughes 1, Gaganpreet Kaur Dhariwal 1, Udaya Subedi 1,2, Kazi Kader 1,
Abdelali Hannoufa 3 and Surya Acharya 1

����������
�������

Citation: Singer, S.D.; Burton

Hughes, K.; Dhariwal, G.K.; Subedi,

U.; Kader, K.; Hannoufa, A.; Acharya,

S. Mutation of MsSPL8 Alleles via

CRISPR/Cas9-Mediated Genome

Editing Leads to Superior Abiotic

Stress Resiliency and Distinct

Morphological Alterations in Alfalfa.

Biol. Life Sci. Forum 2021, 4, 67.

https://doi.org/10.3390/

IECPS2020-08887

Academic Editor: Yoselin

Benitez-Alfonso

Published: 3 December 2020

Publisher’s Note: MDPI stays neutral

with regard to jurisdictional claims in

published maps and institutional affil-

iations.

Copyright: © 2020 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license (https://

creativecommons.org/licenses/by/

4.0/).

1 Agriculture and Agri-Food Canada, Lethbridge Research and Development Centre, Lethbridge, AB T1J 4B1,
Canada; kimberley.burtonhughes@agr.gc.ca (K.B.H.); gaganpreet.dhariwal@agr.gc.ca (G.K.D.);
udaya.subedi@agr.gc.ca (U.S.); kakader35@yahoo.com (K.K.); surya.acharya@agr.gc.ca (S.A.)

2 Department of Agricultural, Food and Nutritional Science, University of Alberta, Edmonton,
AB T6G 2P5, Canada

3 Agriculture and Agri-Food Canada, London Research and Development Centre, London, ON N5V 4T3,
Canada; abdelali.hannoufa@agr.gc.ca

* Correspondence: stacy.singer@agr.gc.ca
† Presented at the 1st International Electronic Conference on Plant Science, 1–15 December 2020; Available

online: https://iecps2020.sciforum.net/.

Abstract: Increase in demand for meat, milk and their products is expected to escalate considerably in
coming years due to our ever-expanding population. While increases in forage crop production will
therefore be a necessity to meet demand, our ability to attain high levels of forage crop productivity
is likely to be constrained by typical environmental pressures such as drought and salinity due
to climate change. Alfalfa (Medicago sativa L.) is one of the world’s most widely grown forage
species, with a cropping area of over 30 million hectares worldwide. As such, there is a critical
need to exploit advanced molecular breeding technologies in this species with the aim of rapidly
developing alfalfa cultivars with improved biomass, as well as resiliency to various types of abiotic
stress. It has been shown previously that the RNAi-mediated down-regulation of the miRNA156
target gene, SQUAMOSA PROMOTER BINDING PROTEIN-LIKE8 (MsSPL8), enhances biomass
production, as well as drought and salinity tolerance, in alfalfa. However, due to negative public
perception and regulatory constraints surrounding the use of transgenic crops, it remains a challenge
to implement such a crop in growers’ fields. CRISPR/Cas9-based genome editing provides an
alternative breeding tool that yields germplasm bearing a mutation that is fundamentally identical
to those achieved using conventional breeding approaches such as chemical mutagenesis, and
the resulting plants can be made transgene-free in a straightforward manner. In this study, we
successfully targeted MsSPL8 alleles using this technology in alfalfa, and isolated genotypes with
mutations in approximately 25%, 50% and 75% of MsSPL8 alleles, respectively, in this tetraploid
species. Furthermore, enhanced drought and salinity resistance, along with distinct morphological
alterations including early flowering and reductions in internode length, were noted in the first
generation of edited genotypes, which suggests that CRISPR/Cas9 can provide an effective breeding
tool in alfalfa.
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