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Reproductive containment in forest biotechnology N Off-target CRISPR mutations found in all
species tested, but only with some gRNAs

Pollen or seed dispersal 353 717
P. tremula x tremuloides P. tremula x alba
AG1/AG2 AG1/AG2 AG1/AG2 353 and 717 hybrid poplars were trans-
double gRNA double gRNA single gRNA formed with Cas9 only, and combinations
%N ﬂ\ /R of one or two gRNA containing constructs
targeting two AGAMOUS homologs or the
142 161 167 190 191 193 198 316 65 348 418 27

283 single copy LEAFY gene.

Transgenic
Event #

32
HEEEEN ]/ INEEEE BN HE BN BN BN
HEEER EEEEEE BN HE BN BN BN

B Acamous 1 (AG1) (Exon)
I AGAMOUS 2 (AG2) (Exon)

Two ramets were sampled from multiple
events containing varied editing outcomes

. .NR .. .. .. .. . SAWTOOTH 1 (SAW1) (5°UTR) (homozygous or hemizygo.us edited, het-
GE plantation Native forest BN Ev- | AEEEEE BN BN BN NN Por 0176031000 (Exon)  S9E¥Gous edited, non-ate but tans
GE trees with advantageous traits might share habitat with native trees with which they can interbreed, or Eucalyptus EgLFY transgenics | |
encroach on native forests as exotics. Many trees are wind pollinated or have wide seed dispersal, making SP7 No off-target mutatlons were observed in
containment more challenging than some other crops. We have used CRISPR/Cas9 to produce edited E. grandis x urophylla Bl Edited | Off-target allele the LFY targeting constructs in the 717 or
poplars and eucalypts with complete sterility, which was difficult to accomplish with previous transgenic ' No edits frequency 353 poplar backgrounds.
approaches. /\
LEY LEY 10-20% [ 21-40% Off target mutation rates were 1.2 x 10-° in
. : 1 - : double gRNA single gRNA poplar and 3.1 x 107° in eucalypts. The
CRISPR/Cas9: a highly specific editor in plants... ) I +1-60% M 1-c0% Ills1-100% rate of unintentional editing is comparable
2 c or less than the rates reported to be
but what about when expressed for many years* * N T .  diod by  Sincle <elfing svent i inbred
LU species such as maize or Arabidopsis (3 x
******************************************** = HEEERERN B LEAFY (LFY) (exon) 10-8, 1.36 x 10-9, respectively).
Populus (64 trees) y BEEREEREREEE LFY/FLO likely pseudogene (Chr11G:30865718)
/\ ““““““ 553 [ ] MITOCHONDRIAL SPLICING FACTOR 1 (MCSF1) (exon)
S ) L5 [ ] L] ENDOGLUCANASE 22-RELATED (promoter)
P. tremula x tremuloides P. tremula x alba

WT Cas9-only WT Cas9-only
(N/A,2) (2,4)  (N/A2) (2,4)

AG1/AG2 AG1/AG2 LFY

Off-target mutations had two to five
R SR W A e bases of mismatch to target sequence

LFY AG1/AG2 LFY o ]
double gRNA double gRNA  double gRNA v g4 | Mismatch

Mutations at off-target sites were PAM-
proximal and varied in allele frequency

(6,12) (4.,8) (2,4) i ., Off-target mutations  nymper to target core PAM GC% Ml Off-target
o | Off-target Gene  Off-target 2 had more dissimilar _ 07 29 Bl On-target 1.0 . —
E Vot 32 ¢ e density density  sites ) mismatch to target 4 GAGGAAAGAAAGAGATCAAGAGG 40% PtaSAW1 % 0.6 — “23 5 .
ucalyp “i (32 trees) e Chrdd) (2 sequences than was GGGGAAAGGTGGAGATCAAGAGG 55% PtaAG1/2 S 05 S % 0l
expected. 2 g4 3D
SP7 (10 32) 3 GGAGAGAGGTGGAGATCATGAGG  40% Potri.017G031900 f| > S8 6l
E. grandis x urophylla o Though off-target 3 GGGGAAAGGTGGAGATCAAGAGG 55% PtaAG1/2 S 0.3 gué ' . ]
- sites tended to have ?-; 0.2 g \ . % S 0.4
(N/A,2) - 2 more mismatches 5 GGAGGGCGAGGTCGGTGGAGGAG 75% EgMCSF1 L 0.1 . . > <
; 4 o = °
p409S:AtFT outside of the core GGAGGGCATGGTCGGTGGAGTGG 70% EgLFY 0.0 : : : o ® 02— .
(2, - |LFYRNA spacer, mismatches S5 4 3 -2 1+ 42 e : . -
single g . . 08%
LY (2,4) d5se were also present in 5 | GTAGAGCATGGGGGGTGGGGGGG 70% EgEndoGluc . . v 0.0 oasaws  powio17e EgMCSF1 EgEndoGluc
S S e those locations. o Mutation start relative to PAM -NNN-NGG
double gRNA S GGAGGGCATGGTCGGTGGAGTGG 70% EgLFY
(8,14) Populus tremula x alba
Cas9-only 717-1B4 genome
( ) ) __________________ p u ] = gm = = =
Somatic mutations were specific to single clones Off-target mutants were confirmed using
Targeted sequencing and detecting off-target edits Populus PtaAG transgenics alternative sequencing approaches
g /\ Targeted
We used a probe_ capture apprc_)ach to spec_lflca_lly 353 217 Event  Ramet Assigned Allole ﬁzcz&zr: sequencing
sequence potential off-target sites (Arbor Biosciences) WT + Cas9 wio gRNA P tremu/a)l(tremu/oides P. tremula x alba score frequency  depth depth
217 or SP7 reference “Norrmal doﬁi:éAfprA doﬁ:ﬁ;fm siﬁS.ZZiiA E E 11 | [WT] CACCAAGCCCCAAAGAGAGAGGAAAGAAAGAGATCAAGAGGTCGCTATT  A1: 0.89 | 117 47
genome Bait coordi_nates orne o ﬂ\ 0}
\ (SObireglons) 1 %E 142 161 167 190 191 193 198 316 65 348 418 27 32 283 Location Type ﬁg CACCAAGCCCCAAAGAGAGAGGARAAGAAAGAGATCAAAGAGGTCGCTATT A1: 0.84
_ R Cr— e O OOO0O00O0OmBO O 00 OO0O00O0O0 00 OO0 0] D Jenro3:1005952 finde ‘E $* 1 CACCAAGCCCCAAAGAGAGAGGAAAGAAAGAGATCAAGAGGTCGCTATT  A2: 0.06 | 598 45
@"" ey — QR = inspection L OODOOO0O000 R0 OO00000 OO OO CIE] C]C Jenr03:13952394 indel ®
t L] DI OO U0 oo oo O DI 0] L Jenro4:17168427 findel <X CACCAAGCCCCAAAGAGAGAGGAAAGAAAGAGAT — — — -AGGTCGCTATT A1: 0.47
- N 93 56
Bait-captured Ma’;’i’;’:ﬁ"}?ﬁﬂ;’&; 20 (] 01011000 IO DI 1] 0] L] L Jcnror:2252882 | snp @ & 3 CACCAAGCCCCAAAGAGAGAGGAAAGAAAGAGATCCAAGAGGTCGCTATT A2: 0.45
short-read seq L OO OO0 OO0 D0 OOOO000 OO OO DO L ]ehroer:11311875| sne ®
(150bp PE) 0 DOOMO00000000 00000000 00 OO Ogenrasseso |ske | |
Al A U] OO OO0 OO O I D) TET L Jenrt3:14723565| sne Off-target mutations were the same as found by targeted sequencing two years later
events/ramets
ithi L OO OO000O000 00 OOOO00 N O D] L ehro1:1813603 |indel
S S 0 JO0000000000 MO000000 00 OO ODckwoszzes2s|sne
L Do oL oo =0 O

(0 00 D Jonrtesaszssz Iswe Conclusions and next steps

Somatic mutation alternative allele frequency
1-20%, 21-40% [ 41-60% [ 61-80% [ 31-100%

R Mutect2 was servicable for CJwr
; i icati i Populus PtalLFY transgenics
jiepsctch gi]ésn;izl:ﬁar:::uzlljtarne;:;usﬁd /\ * Mutations due to CRISPR/Cas9 activity do occur and at sites for which in silico prediction
Called mutation found in any ramet? - : _ - : P
y and curation 353 By algorithms place guides and off-target combinations at low priority.
\ ‘—\—} \' P. tremula x tremuloides P. tremula x alba
O Less or equal to 5 reads supporting alt allele? High heterozygozity in trees l /\ Shared off-target mutations between ramets suggests that off-target edits accumulate during
O 4—‘—} N Was there 2 Tkely ST RGN throyvs off many mutant de- o I;Zyg - LFY double gRNA LFv single gRNA ¥ transformation and tissue cult.ure, not due to prolor?ged expression of Cas9. Future studies will
O v | . tection programs, with SNPs ﬂ untangle Cas9/gRNA expression from off-target editing.
( ) : fal iti 2 %
i O Y{—ﬂ: rrtlfor e Rl 75 6 23 46 88 143 45 101 121 89 189 258 464 Location Type 717 and 353 edited poplars have been forming catkins and are in the final year of study
<D True mutations Mutation lies in target gene? ge OO MO0 Or] G0 00 GO CCCC T Tehrts:sesases] sne ¥ (They will be culled next Fall, 2026). We hope to quantify the sterility phenotypes of knockouts
On-target mutation O Y N O A O O e Bl for containment and any effects (or benefits) on vegetative growth
Is there a mismatch gRNA LI T 0T O OO W OO I enros:10796917 | SNP '
within 20bp? (off target site) Chr08:9131442 | SNP
L} Off-target mutation OY N %% %% %% %%%% %% %E %% %%%%%%%%;9”0456834 SNP We thank the USDA Biotechnology Risk Assessment Grant Program, grant # 20173352227098
< Somatic mutation alternative allele frequency ¥ and 2023-33522-40414 for financial support. We also thank the Genetic Research on Engineer-

1-20% || 21-40% [l 41-60% [l 61-80% [l 81-100% ing and Advanced Transformation of Trees (GREAT Trees) cooperative for their support.
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