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Gene flow from genetically engineered (GE) trees into feral or wild populations are significant obstacles to their use as a result of regulatory, public perception, and ecological concerns. Loss-of-function
mutations in a number of floral transcription factor genes can lead to sterility in diverse plant species. However such mutations are rare and generally recessive, thus are very difficult to induce via
conventional tree breeding. The recently rediscovered Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)-associated Cas system has proven to be a powerful directed-mutagenesis
tool iIn many species, including trees. CRISPR-Cas induced mutations appear to be highly predictable and stable, and reversion should be extremely rare or impossible (e.g., when there are deletions of
essential parts of coding regions). We are testing the mutation efficiency of four nucleases targeting two essential floral genes in Populus. The targets are the poplar orthologs LEAFY and AGAMOUS—
well-studied genes essential for both male- and female-fertility. The nucleases have been stably transformed into hundreds of independent events that we are now analyzing for mutation rate and type.
Sequencing results from 300 independent insertion events indicate that one-gquarter of transgenic events have identical, loss-of-function mutations in both alleles, suggesting CRISPR-Cas9 mutagenesis Is
a highly efficient method for genetic containment in poplar.
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Ins.: Insertion, Inv.: inversion.

The majority of the mutations occur 3bp upstream from the protospacer adjacent motif (PAM) site as expected.

Constructs with a single guide RNA generally lead to small indel mutations (1-5 bp).

Constructs with two active guide RNAs targeting the same locus induced large deletions (6-121 bp).

Transgenic controls with only the Cas9 gene showed no mutations.

CRISPR mutagenesis appears to be a highly effective means for making permanent gene knock-outs for genetic containment in poplar.

Determinina mutation freauencyv from heterozvaous events

Rationale: To determine per allele mutation frequency (in the absence of possible double-strand break stimulated gene conversion that
may occur with homozygous mutants), we sequenced both alleles of a subset of our heterozygous, mutated events.

Methods: We selected 12 heterozygous events at random from a total of 69 events in the LFY1C population. We amplified the
sequence across target sites using PCR, ligated PCR products into a TOPO vector, transformed competent E. coli, and sequenced
individual colonies. The amplification of each allele was verified by four natural SNPs present in the 717 hybrid genotype. We also
sequenced both alleles of 5 homozygous wild type and mutant events.
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sample, we were unable to determine if the homozygous mutation rate was above that expected due to chance alone (i.e., if there was



