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Enhancement of Epichloë bioactives using CRISPR

Current commercial endophyte strains have limitations through lacking important insect 
bioactives and/or are not completely ‘animal safe’. Natural Epichloë strain variation is narrow 
with respect to desirable chemistry, and many strains cannot be genetically manipulated 
using conventional methods. However, CRISPR technology provides a new avenue to rapidly 
advance Epichloë endophyte research and provide new genetic variation to deliver 
endophytes for forage grasses with a wider pest protection range. Simultaneously, new strains 
can be developed to improve animal health and well being outcomes. In addition, CRISPR 
technology can deliver Epichloë endophytes that specifically target animal parasites.

e.g. C is an insect toxin while D is a mammalian toxin

Epichloë produced secondary metabolites target ryegrass 
pests

Epichloë endophytes form symbiotic association with cool season grasses from the Pooideae 
sub-family, where the fungus confers both abiotic and biotic advantages to the grass host in 
return for nutrients, a means of dispersal, and a continued refuge. This association has been 
utilized in New Zealand agriculture to increase pasture performance, persistence and animal 
health, resulting in economic gain. Currently there are four common classes of known 
secondary metabolites produced in planta by Epichloë that have been linked to mammalian 
and insect bioprotection; peramine, ergot alkaloids, indole-diterpenes, and lolines.  Analysis 
of these pathways has identified a wide range of profiles naturally present among different 
strains. 

Removal of ergovaline toxin

The end pathway compound produced in the ergot 
alkaloid pathway is the mammalian neurotoxin 
ergovaline which causes heat stress in grazing livestock. 
CRISPR was used to disrupt the mid-pathway gene cloA in 
the Epichloë strains AR5 and AR6, thereby rendering 
these strains animal safe. 

• ΔcloA: Removes ergovaline toxin production and 
accumulates the insect bioactive clavines

• ΔlpsB: Removes ergovaline toxin

Ergot alkaloids
Manipulation of epoxy-janthitrem ratio

Epoxy-janthitrems, a class of indole-diterpenes, are produced by the 
commercialised Epichloë strain AR37, and contain both insect and 
mammalian bioactive compounds. CRISPR was used to disrupt specific 
genes in the pathway as a proof of concept (ltmM and idtD), and to 
manipulate the epoxy-janthitrem compound ratios.

• ΔltmM: Removes all indole diterpene compounds 

• ΔldtD: Removes all epoxy-janthitrem compounds 

• ΔIdtA: Changes the epoxy-janthitrem compound ratio to enhance insect 
bioactive production while suppressing mammalian bioactive 
production

Epoxy-janthitrems

CRISPR gene repair and insertion

CRISPR has been successfully used in a range of 
commercialised Epichloë strains for targeted gene 
disruption to decrease mammalian toxicity and 
enhance insect bioactivity. Future experiment will 
involve gene repair to restore insect bioactive 
production as well as gene insertion to add novel 
insect bioactives, into a wider range of Epichloë
strains.

CRISPR technology

For CRISPR gene editing in Epichloë, the Cas9 and RNA guide were 
expressed on an extrachromosomal autonomously replicating plasmid 
which was transformed into fungal protoplast. The guide, sequence 
specific to the target gene, assists Cas9 to the target site. Cas9 then 
cleaves a double stranded DNA brake (DSB) which is then imperfectly 
repaired by the Epichloë non-homologue repair system (NHEJ) resulting 
in insertion or deletion of base pairs creating a frameshift that renders 
the gene non-functional.

Figure 1. https://www.addgene.org/guides/crispr/#ko-generation

Figure 1. CRISPR gene disruption 
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Endophyte Gene Chanoclavine (ppm) Ergovaline (ppm)

AR5 WT 0.46 0.83

AR5 ΔcloA 0.56 0.00

AR6 WT 2.64 8.21

AR6 ΔcloA #1 2.50 0.00

AR6 ΔcloA #2 2.34 0.00

AR6 WT 0.52 0.30

AR6 ΔlpsB #1 2.23 0.00

AR6 ΔlpsB #2 2.54 0.00


