Knockout of Meiosis Gene in Eucalyptus using CRISPR/Cas9 for Genetic Containment
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Abstract Results
As a means for genetic containment we are using CRISPR/Cas nucleases to target the homolog of the ] .
meiosis gene REC8 in eucalypt SP7 hybrid (Eucalyptus grandis x E. urophylla) to create bisexual sterile trees. RECS hEterozngte with Absence of mutations W/
Analysis of 12 independent transgenic events indicates high frequency of knockout (KO) mutations where Iarge deletion CAS9 Only control events

Gel image to the left shows
three REC8 independent
events. Event 2 has two bands,
one approx. same size as WT
and one approx. 300 bp smaller,
which indicate that it is a

~67% were heterozygous biallelic KOs and 25% were monoallelic KOs. All of the plants with the active
CRISPR locus had mutation in at least one allele. Seven events were selected for a greenhouse study to
evaluate the effects on their growth and vegetative physiology. Further work will be done using an early-
flowering FT overexpressed Eucalyptus genotype to analyze the floral phenotypes and fertility of REC8 KOs.

Background heterozygote with a large
deletion. Gel image above shows two CAS9 only
One of the Strauss Lab’s main goals through the years has been to develop robust means of genetic vector control independent events. No
containment of genetically engineered (GE) and exotic plantation trees through sexual sterility. Gene flow obvious mutations observed based on
from GE trees to feral or wild populations is a concern for ecologists and regulatory bodies. Pollen has a Sequence alignments identify mutations band size.
wide geographic range it can travel over which makes gene migration especially concerning. This concern Site 1 Site 2
has been a barrier to wider use and acceptance of GE crops. Genetic containment that is efficient and CAS9 only events }EET'G“m“””“‘GT':!“‘::::::::::::: Hi::::::::““”"G"“’“““”“"‘“ﬂ'
. . . . . . WT CAT-GACTCACCTICIGGICA GCCTTITCGAAGATCTR-CACEG
reliable could overcome this barrier. Plantation trees like eucalypts are often vegetatively propagated so B B el H-EEEE
there is no commercial need for fertile plants and gene mutations that cause total sterility could provide i AZ IIII““IIIIﬂﬂﬂﬂﬂmﬂﬂﬂml IIIIIIIIIﬂﬂlﬂ“ﬂ“mmﬂ“l Mutations destroy protein function
effective genetic containment. A2 [FEEENREREEERRRARARGGANEEEEERRAAAN | EEEEEEEAEREEEEEEEREEEEE----FAER
cente 2 1B RGGOARERRRGARAA RRAGR AN IIIIIIIIIﬂﬂﬂﬂﬂﬂlnnnnﬂl g8 NNESNBE NN NNNES ENNEN £00: - NN - B0 Bv A NNRNAR-H- BN-HOA: 0
_____ WT I L AFERE_G-QErERLRVEV vEIENLBENE
_ cventg AL IEHE-B----AEEREEEEAGEAEEARAEERERSE < [NMEEEEEHEEEEEEEEEERERAREER--288 cverto A1 HNEANRAAVE-ANEEAR 6 B0 -N§-EN90-WOER- -
Sene Targeted: SYNAPTIC 1/MEIOTIC RECOMBINATION PROTEINS (RECS)  ARRANAEAACEEORNACARAEOATAREAAE  AMARRRAER::croozonncazcos cace s MO LI B i
. o . . . . . GCCITICGRAAGATCTA-CACG Al I L B LEL F L 7 L LR
* One of three novel eucalypt gene targets chosen after extensive bioinformatics and literature review in Nt 10, [GARRA R ARERAEORAREARERRORAREAnE)  ASABABAEAHoccrrzconacascra cace YRR A e
. . . Al I L LEERELELRNT FENEL AN
e 003, 2 . 2006 S ing alignment of target sites 1 and 2 e SRR AR ARRRRCARAAANCMAAREE -1 44 B--RacaRt I LR -84
. anger sequencing alignment of target sites 1 an a1 NA-BENEE-- v+ EEE-El: - afffir
ssential to meiosis (Cai et al. 2003, Zang et al. 2006) | o | Asiees 5 a5t 5 e BN SRRRD:AAAANCHIARRRRRRRS - 476 1O WRRKRR 01,1
e Codes for a highly conserved across kingdoms basal cohesin protein in a cohesin complex that showing both alleles of independent events. WT cvent 107 IIHM I IIIIIMIIIHVIIIIIIILIIF“I“IIIIIIIIIILIIIL IIMI d
attaches sister chromatids target sequence is highlighted in yellow, transgenic e “RRR AR
 Cohesin complex must be cleaved for chromatid separation during the metaphase-to-anaphase events with yellow highlighted section had no
transition (Kitajima et al. 2003) mutation at that site. Event 2 allele 1 (A1) has a large Peptide sequences of the events are shown
« Chosen because there was only one copy of the gene in Eucalyptus and mutation of REC8 orthologs in deletion (-282 bp) while allele 2 (A2) and the other above. Mutations in the sequence can lead to
rice and Arabadopsis cause bisexual sterility and normal vegetative phenotypes (Bai et al. 1999, Shao events shown have small insertions and deletions. frame shifts and early stop codons (denoted as *)
et al. 2011) CAS9 independent events showed no mutations at that destroy protein function.
either REC8 target site
RS Schematic of Rec8 in meiosis
- \ W |
. Undetermined allele in one event One REC8 event shown on the left had a large
-, = A Figure (Lee et al. 2003) shows deletion (-171 bp) in allele 1 starting upstream of
é’ role of the Rec8-containing Site 1 the 15t target site and no mutation at site 2. Allele 2
meiotic cohesin (shown as green O e ey | was undetermined; no amplicon was produced
ovals) during chromatid using the primers designed. Further study will be
MEIOSIS II separation in meiosis. We done to investigate why.
hypothesize that mutation to
- . REC8 will cause meiosis to not be
completed. .
P Most mutations lead to
s A predicted loss-of-function KOs
e e Sequence Modification Peptide Modification
An event was considered biallelic KO if Events
CRISPR/Cas System used: Clustered Regularly Interspaced Short Palindromic Repeats (CRISPR)/Cas neither allele had WT sequence and w/both Heterozygous Monoallelic Monoallelic
* Gene editing technology for site-directed modification there was a large deletion or frameshift | Total Events Alleles biallelic - Biallelic KOs KOS
* Adapted from an anti-viral defense mechanism naturally occurring in bacteria and archaea mutation. An event was considered B mutants
* Works by delivering guide RNA’s complexed with the Cas9 enzyme into a cell where it cuts the DNA at monoallelic KO if one allele had WT €fine
the desired location sequence or a small non-frameshifting 12 11 9 (75.0%) 2 (16.7%) 8 (66.7%) 3 (25.0%)
mutation.
Genome &
lllustration (SyngenTech) of how CRISPR can be used Small indels most common, Site 2 less active
to knockout genes. Cas9 enzyme makes a double
i stranded break (DSB) at the target site e mETE R R o
complementing the guideRNA it is complexed with. :
- ﬂ Nonhomologous end joining (NHEJ) leads to indels Table shows mutation types at each il el sgRNA i Sma_ll Sm§II Large Mgzt SEElic
I— ] ] o X ' g - J . g | f site. Most prevalent type is insertion deletion deletion
NHE) SrlnEm 0 [BrEsL s repeired ane e EEe [ess-ait highlighted in blue. Small refers to Sitel  9(37.5%)  9(37.5%)  3(125%)  2(83%)  1(4.2%)
ﬂ function mutations in the target gene. b | 24 :
15 bp or less. Site 2 5(20.8%) 5 (20.8%) 2(8.3%)  11(45.8%) 1(4.2%)
Target gene knockout
Genome (i
Methodology Further Work
1. Agrobacterium mediated transformation using CRISPR constructs * Conduct ran.dom.ized greenhouse study using
2. Regenerate and grow plants 7 selected biallelic REC8 knockout events, 10 SP7WT CASY Control  RECS Mutant
3. Extract DNA, confirm transgene using PCR and perform allele specific PCR for sequencing CAS9 only events, and WT |
4. Sanger sequence targeted gene sequence * Study effects on floral phenotypes using
5. Analyze alignments using MEGAG to identify biallelic knockout mutants early-flowering FT overexpressed Eucalyptus
* Investigate putative large deletion in
undetermined allele
® U L] B R N Micropropagated plants in tissue culture.
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