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UnrepairedDNAdouble strand breaks(DSBsare harmful eventsfor the plant cell, leadingto chromosomeloss,gamete sterility or cell death.
Organismaave developedseveralmolecularrepair mechanismdo correct these lesions,includinghomologousrecombination(HR)and Non-
Homologoudnd Jbining (NHEJ)Neverthelessrepair of DSB9y these pathways,while beingessentialfor the maintenanceof genomeintegrity,
may also be associatedvith ectopicrecombination,geneconversioneventsand the more frequent NHEdnducedinsertion/deletion mutations
that modify the original DNA sequencesin this study, we tested a CRISPR/Casnultiplexing vector systemto the model speciesNicotiana
benthamianato target the PDS(PhytoeneDesaturase gene Amongthe usual effects of targeted mutagenesisdetected we also observed
significantinstancesof Non-Allelic HomologousRecombination(NAHR)eliciting the reciprocalexchangeof DNASstretchesbetween paralogous
genespresent in the genome Theseobservationsadd further examplesof gene reshufflingamongthe possibleoutcomesof CRISPRased
genomeeditingin plants Moreover,they offer new sparksfor the applicationof New BreedingTechniguegNBTsandthe investigationof genome

topologythroughthe effectsof homologousecombination

1. Rational and findings I

A CRISPR/Casxperimentwasset up in Nicotianabenthamianawith
the purposeof testinga guide RNA(gRNAMultiplexingapproachfor
the co-expressiorof two or more gRNAsThesystemwassuccessfully
tested for the generation of controlled deletions by simultaneous
cleavageof multiple target sites in the PhytoeneDesaturasePD$
gene Regenerationof edited plants by somatic embryogenesis
yieldedthe expectedalbino phenotypecausedby putative disruption
of proper PDSexpression,with different severities ranging from
partial (chimeric)mutantsto full-albinoindividuals

A PDSyeneparalog(calledB hereafter),madedistinct from the main
gene copy (A) by single nucleotide variants, was targeted as well.
Unexpectedly, CRISPRdited Ileaves exhibited A/B chimeric
seguencesat low frequencywith A/B junctions being contiguousto
gRNAtargets, suggestinghomologousrecombination between non-
allelic sitesinducedby editing.

3. CRISPR/Cas9-induced albino phenotypes

In VivoCultures of N. benthamiana

Transformed Callusformation Plantlet
Leaf disks regeneration

Agro-Infiltrated leaves

Primary Shoots

Green foliage ChimericGreen/White mutants White foliage
Frecuency % 27% 68% 5%

2. Materials and Methods

Cloning

I crvecy [ Jifanalcov« ifevnalcs « Jillsss e} TWO gRNAspreviously described (Nekrasov et al.,
-7 2013 Upadhyay et al., 2013 were used for
CRISPR/Cas targeting of the PhytoeneDesaturase
(PD$ genein N. benthamiana Theywere assembled
In a multiplexingarray into the plasmidpDIRECTR2C
usingthe protocoldescribedn 2 S NMetalf, 2017,

pDIRECT 22C

The resultant construct was transformed into Agrobacterium tumefaciens strain
LBAI404 for agroinfiltrationbased transient gene expressionin N. benthamianaas
describedn Boset al., 2010

Plant transformation and somatic embryogenesis

A. tumefacienscarrying Ca® and
the doublesgRNA expression
construct was infiltrated into N.
benthamiana leaves with a final
ODB600 of 0.5, 1.0 and 1.5. Empty
plasmid pDIRECTR2C was used as
negative control. Transformed|eaf
Transformedleafdiscs  discswere both used for genomic
were collectedfor DNA analysis and somatic
somaticembryogenesis embryogenesis

Agroinfiltration of 4
weeks oldN.
benthamianaplants

Seqguencing analysis of editing products

After genomicDNAextraction from leaf discs PCRamplificationwas performed using
primers flanking the target sites within the PDSgene Sampleswere sequencedby
Sangeand NGSpproachesand mutation analysisvasperformed

4. In silico sequence analysis and data interpretation

Theanalysif sequencinglatafrom PCRamplificationproductsrevealedCRISPR/Cas
mediated editing marks in the A copy of the PDSgene These included small
Insertions/deletions(a) aswell asa large deletion (~6000 bp) with defined boundaries
resulting from the loss of the DNAfragment rangingfrom the gRNA to the gRNA

target site followed by endjoining (b).
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gRNA1/gRNA2 chimera
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CRISPR/CasfAduced mutatlons at the gRNA2 target site (A copy)
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ChimericNGSreadsexhibiting stretchesof DNAfrom the A and B genessuggestNon
Allelic Homologous Recombination (NAHR) compatible with the non-crossover
resolutionmodelof DoubleSrand BreakRepair
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Readdrom the Bparalogalignedto the A
copyshowingthe single nucleotidevariants
(SNVsthat definethe A and Bhaplotypes

FromSymingtonet al., Genetics 2014

5. Conclusions }

NAHR frequency in theDXyene

Besidesthe multiple-site mutationscommonlyreported during DSBrepair (deletions,insertionsand substitutions),
Non-AllelicHomologousRecombinatiofNAHRWasdetected,althoughat a muchlower frequency,between DNA
sequencedrom two PDSparaloggenes We believethat the different chromosomalarrangementsshownin this
work viaCRISPR/c@sare highlyrelevantin the developmentof NBTdor precisegenomeediting. A copy B copy
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