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EMPLOYING CRISPR_CAS9 (Developing new methods and knocking out
phosphatase related genes in Tomato and Arabidopsis)
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1.1 Introduction about CRISPR-CAS9:

Programmable nucleases such as zinc finger nucleases (ZFNs), transcription activator-like effector
nucleases (TALENS), and RNA guided endonucleases (RGENS) can facilitate genome-editing targeting by
increasing the efficiency of homologous recombination. Recently, the newly discovered RGENS: clustered
regularly interspaced short palindromic repeats (CRISPRS) is overcoming ZFNs and TALENS that depend
on the time-consuming design and difficulties of their optimization. Bacteria and archaea have evolved
adaptive immune defenses termed CRISPR-associated (Cas) systems that use short RNA to direct
degradation of foreign nucleic acids (Figs 1, 2).

Type Il CRISPR-Cas systems have been engineered to effect robust RNA-guided genome modifications in
multiple eukaryotic systems. Different Cas9 variants have been engineered to increase the applicability of
the CRISPR-Cas9 system. Cas9 has two active sites, and each site is responsible for cutting one of the
complementary DNA strands. The double-strand break can either be repaired by the non-homologous end-
joining (NHEJ) or homology directed repair (HDR). The error-prone NHEJ is the common pathway and
usually induces small deletion or insertion mutations, or point mutation. The balance between NHEJ and
HDR can be slightly shifted towards HDR by providing a donor template. By including a transgene within
the donor template, gene targeting can be achieved.
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R (2010). (NEB website)

1.2 Protein phoshphatases (PP4 regulators):

Protein phosphorylation and dephosphorylation represent essential regulatory mechanisms of reversible post-
translational modification that controls many cellular processes. Protein kinases transfer the y-phosphate group from
ATP to the hydroxyl group of Ser, Thr and Tyr residues, whereas phosphatases hydrolyze the phosphoester bond to
dephosphorylate proteins (Uhrig et al. 2013; Lillo et al. 2014). Arabidopsis has around 1125 protein kinases and 150
protein phosphatases. However, because of the many regulatory subunits involved in phosphatase complexes, it is
believed that phosphatases can rival kinases according to substrate specificity (Brautigan 2013; Lillo et al. 2014).
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Protein phosphatase 4 (PP4) is remarkably well conserved across eukaryotes. A. thaliana has two PP4 catalytic
subunits, namely PP4-1 (At4G26720) and PP4-2 (At5g55260). In addition to these two catalytic subunits, the active
PP4 complex contains also two subunits with regulatory functions, PP4R2L (At5g17070) and PSY2L (At3g06670).
In mammals, PP4 is implicated in many biological process such as apoptosis regulation (Mourtada-Maarabouni and
Williams, 2008), microtubule organization (Han et al., 2009), and recovery from DNA damage checkpoint (Nakada
et al., 2008). PP4 also plays a non-redundant role for the differentiation, suppressor activity and gut homeostatis of
Treg cells (Liao et al., 2014). Semi-lethal phenotype was produced by disrupting PP4 gene in Drosophila melanogaster
(Helps et al., 1998). Depletion of PP4 gene in Caenorhabditis elegans by RNA-mediated interference (RNAI) showed
aberration in formation of spindle in both mitosis and sperm meiosis (Sumiyoshi et al., 2002). Conditional knock out
PP4 in mice T-cell inhibited the development of T-cells (Shui et al., 2007). However, recent study by Huang et al.
(2016) shows that both up-regulation and inhibition of PP4 inhibited cell proliferation in HepG2 cells, indicated that
PP4 plays dual roles during cell proliferation. (From Toga’s Master thesis 2016)

Putative regulatory proteins for PP4 in A. thaliana were bioinformatically detected, namely PP4R2L (At5G17070)
and PSY2L (At3G06670). SMK-1, putative homolog of PSY2L in C. elegans, is reported to promote longevity by
modulating DAF-16 (FOXO transcriptional factor) without affecting other processes regulated by I1S or Insulin/IGF-
1 signaling (Wolff et al., 2006). The functional homolog of PSY2L in Saccharomyces cerevisiag, PSY2, in
coordination with other protein, plays role in the DNA damage response (O'Neill et al., 2004). Moreover, in Homo
sapiens, Ppp4R3 in complex with Ppp4c and PP4R2 involved in anticancer cisplatin sensitivity, linked to the DNA
damage response (Gingras et al., 2005). The functional homolog of PPR2K in Saccharomyces cerevisiae, YBL1046W,
binds the catalytic subunits PPH3 and also shows resistance to cisplatin (Hastie et al., 2006). (From Toga’s Master
thesis 2016). From our research, PSY2L knockdown and out by T-DNA insertions and RNAI approach, produce dwarf
and noticeable phenotypes on Arabidopsis thaliana plants.

1.3 Peroxisomal phosphatases:

Peroxisomes are important eukaryotic organelles that fulfill several metabolic functions such as anabolic and catabolic
lipid metabolism, free radical detoxification, development, and stress-related functions. Peroxisome disorders have a
strong impact on plant development and sometimes fatal in mammals. However, research on peroxisome biogenesis
and functions has been intensified, but their control by phosphoregulation is barely studied. Remarkably, we identified
the first-known peroxisomal protein phosphatase (PP2A-B'theta heterotrimeric complex), and show its positive impact
on fatty acids beta-oxidation in the model plant Arabidopsis thaliana (Kataya et al. 2015a). We also consolidate
evidences that the mitochondrial regulatory subunit of PP2A (B'zeta) has a role in energy metabolism and salt stress.
In the same context, we are focusing on perceiving the yet uncharacterized peroxisome phosphoregulation. To embark
on plants, we searched Arabidopsis genome for phosphatase-related proteins that harbors putative peroxisomal signals
and experimentally validated additional four peroxisomal protein phosphatases (two PP2C, one MAPK phosphatase,
and one purple acid phosphatase) (Kataya et al. 2015b, 2016). In order to understand the impact of the newly identified
phosphatases on peroxisomes functions and plant development, we need to obtain knockout lines of their genes using
CRISPR/Cas.

2.1 Master projects:

We wish to use the new technology of CRISPER/Cas9 for editing specific genes for basic and applied research purposes. We wish
to establish a method that allows generating free DNA-modified plants (GMOs) that can probably be more acceptable than
traditionally known GMOs that have different leftover foreign DNAs from delivery techniques (see updated plant related reviews
as (Graham and Root 2015; Ding et al. 2016; Khatodia et al. 2016). Successfully, this was reported using combination of CAS9
protein and gRNAs transcript and their subsequent transformation to plant protoplasts (Woo et al. 2015).



Dr. Amr Kataya: July 26, 2016

2.1.1 Project-1
Employing CRISPR-CAS9 approach for DNA free editing of Solanum lycopersicum genome with pre-
assembled CRISPR-CAS9 ribonucleoproteins and transcripts

This project will investigate the ability to produce a DNA-free modified GMOs (Tomato) using CRISPR/CAS9 and tissue culture
technology.

Methods: Molecular biology (cloning), protoplast production and transfection, In vitro transcription and

mRNA purification, and Tissue culture methodology

Planting tomato seeds and make tissue culture propagation for tomato plants

Performing and establishing tissue culture system to re-generate plants from isolated protoplasts (Tomato)
Cloning of guide RNAs that can target one or more genes (see figures 3)

In vitro transcriptions for cloned gRNAs and CAS9

Performing in-vivo CRISPR/CAS9 genetic modifications in vivo through the PEG transfections of isolated
protoplasts by CAS9 protein (and/or CAS9 transcripts) and transcribed gRNAs against the marker gene
PDS

Optional: checking the level of CAS9 protein by western after protoplast transfection by CAS9 transcripts
Screening using phenotypes and confirm using various molecular biology tools for successful modified
plants

2.1.2 Project-2
Investigating DNA-free genome editing in Arabidopsis thaliana with pre-assembled CRISPR-CAS9

ribonucleoproteins and transcripts

This project will investigate the ability to produce a DNA-free modified GMOs (Arabidopsis) using CRISPER/CAS9 and tissue
culture technology.

Methods: Molecular biology (cloning), protoplast production and transfection, in vitro transcription and

mRNA purification, protein production and purification, and Tissue culture methodology

Performing and establishing tissue culture system to re-generate plants from isolated protoplasts
(Arabidopsis)

Expression and purification of NLS-CAS9 protein

Cloning of guide RNAs that can target one or more genes (see figures 3) and subsequent in-vitro
transcription for gRNAs

In vitro transcriptions for cloned gRNAs and CAS9

Performing in-vivo CRISPR/CAS9 genetic modifications in vivo through the PEG transfections of isolated
protoplasts by CAS9 protein and transcribed gRNAs against the marker gene PDS3

Optional: checking the level of CAS9 protein by western after protoplast transfection by CAS9 transcripts
Screening using phenotypes and confirm using various molecular biology tools for successful modified
plants
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2.1.3 Project-3
Targeted mutagenesis of peroxisomal protein phosphatases using CRISPR-CAS9 approach

Methods: Molecular biology (cloning), protoplast production and transfection, protein production and
purification, and Agrobacterium transformation and generating of stable plants. Moreover, Tomato
PSY2L will be knocked out using the same technology.

1- Cloning of guide RNAs that can target one or more genes (see figures 3) into binary vectors

2- Transforming the recombinant vectors into Agrobacterium

3-  Performing in-vivo CRISPER/CASS9 genetic modifications in vivo through the PEG transfections of
isolated protoplasts by recombinant vectors

4- Screening protoplasts for successful editing

5-  Follow up on collecting seeds of stable transgenic plant and screening using phenotypes and selection
markers and confirm using various molecular biology tools for successful modified plants

6- CRISPR/Cas9 editing of Tomato PSY2L by Agrobacterium transformation method
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3.1 Tomato Solanum lycopersicum

CRISPR/Cas9 editing in Tomato has been done recently with two methods: using Agrobacterium
based delivery (Brooks et al. 2014; Pan et al. 2016) or viral based delivery (Cermak et al. 2015) of
CAS9 and sgRNAs. This technology is hoped for crop improvement by editing the plants to have
strong immunity against infection (Chaparro-Garcia et al. 2015) for example, researchers were
able to use CRISP/CAS9 to strengthen Nicotiana benthamiana immunity against DNA virus
infection (Ali et al. 2015). If such ambitions can be applied using DNA-free editing in crops, this
will help us to avoid major criticism and fears about using GMO’s. So far, DNA-free editing using
the important crop “tomato” not yet has been done, and we wish to establish the method that can
help us achieve this target.

3.1.1 Utilizing PDS as a quick marker protein for reverse genetics approaches:

Phytoene desaturase (SIPDS, Solyc03g123760.2.1). SIPDS encodes phytoene desaturase, the key
enzyme in carotenoid biosynthesis, and silencing the gene will cause photobleaching or albino
phenotypes. Remarkably, 54.54% (12 out of 22) of the sgRNA1-SIPDS and 57.14% (4 out of 7)
of the sgRNA2-SIPDS transgenic plants showed an albino phenotype, indicating the complete or
partial loss of SIPDS function (Pan et al., 2016). This gene was also used as a marker for
CRISPR/CAS9 in Nicotiana tabacum (Gao et al. 2015) and Maize (Feng et al. 2016). Also, PDS3
knock-down using RNAI technology produced the same phenotype (Jiang et al. 2013). In
Arabidopsis, PDS3 was also used for CRISPR editing (Li et al. 2013).

Control

T-1|T-2

wT

Left figure: Albinism phenotype of SIPDS transgenic plants in TO generation. (A) WT
(contain T-DNA). (B,C) chimeric mutant. (D) biallelic mutant. Mutant B, C and D show
albino phenotype to varying degrees. (Pan et al., 2016). Right Figure: Arabidopsis Tz plants
from transformation with pER8: PDSi-awere grown on media supplemented with 17b-
estradiol (ER, top) and on standard media (control, bottom). Plants were photographed 7
days after transferring to the 17b-estradiol-containing media. T-1 and T-2

wrara turn trancoanic linac lianaVatal 2012




Dr. Amr Kataya: July 26, 2016

3.1.2 Identifying Spacers for sgRNA production to Edit Tomato PDS:

Spacers for sgRNA 1 and 2, from Pan et al., 2016, are also found in the result of the prediction

from CRISPR plant (crispr.wustl.edu/). However, CRISPR plant predicted much stronger ahead
of them...

Your query is: Solyc03g123760 in Chr3 from 64554061 to 64561664

Class0.0 gRNA

Chr3:64554870-64554890:c NA 4 TAGTTGGGCGCGGAGAAGCA CGGAACGTTG - exon

gRNA (Spacer was shown in upper-case):
5-TAGTTGGGCGCGGAGAAGCAgttttagagctagaaatagcaagttaaaataaggctagtcegttatcaacttgaaaaagtggcaccgagtcggtgctttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5-TAGTTGGGCGCGGAGAAGCA-3'
5-TGCTTCTCCGCGCCCAACTA-3'

GC content of Spacer sequence: 0.6

Potential Pol 111 terminator (TTTTT): null

2 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
Acll cut AACGTT

HpyCHA4IV cut ACGT

Chr3:64556691-64556711 3 4 TAACGATCGATTGCAATGGA AGGAACATTC + exon

gRNA (Spacer was shown in upper-case):
5'-TAACGATCGATTGCAATGGA(ttttagagctagaaatagcaagttaaaataaggctagtcegttatcaacttgaaaaagtggcaccgagteggtgctttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5-TAACGATCGATTGCAATGGA-3'
5-TCCATTGCAATCGATCGTTA-3'

GC content of Spacer sequence: 0.4

Potential Pol 111 terminator (TTTTT): null

3 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
BsrDI cut GCAATG

Nb.BsrDI cut GCAATG

HpyCH4V cut TGCA

Chr3:64557090-64557110 4 4 GGACTCTTGCCAGCAATGCT TGGAGGGCAA + exon

gRNA (Spacer was shown in upper-case):
5-GGACTCTTGCCAGCAATGCTgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagteggtgctttttt-3°

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5'-GGACTCTTGCCAGCAATGCT-3'
5'-AGCATTGCTGGCAAGAGTCC-3'

GC content of Spacer sequence: 0.55

Potential Pol 111 terminator (TTTTT): null

2 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
BsrDI cut GCAATG

Nb.BsrDI cut GCAATG
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In order to find flanking primers for PCR amplification around the
CRISPR target, | aligned the sSGRNA against tomato genome in
Ensembel, and found the target place... This will be used to design
primers...

For the first spacer
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70502140 AGABATANMGACATTATAACRGCAGAAATAAARAGAGTGATGGCGAATIRTCAAAATTTA
70502081

70502080 MAACTTGHGTAACTGCTCCTAGTRYAATCAGCAGTGACTTCTATTTAGTCGCAARATGA
70502021

70502020 MAAGAGCTTAATAACCTCAANTTTTGTAGTUAAAMAGTTAATCAGGCATGTACAGGTACA
70501961

70501960 AMAAATATTCAAATGAT[JATACAGCAAAAAAATGCTTECTTCRRAATAAGCARAAIAAT
70501901

70501900 GCTAMAAATATAGATGACCCGGAATATCACCTGCACCAGCAATAACAATCTCCAATGGTT
70501841

70501840 TAGTYGGGCGCGGAGAAGCACGGAWYGTTGATGATAAAAATGCAGCCTCCAAATAGTTAA
70501781

70501780 CTGTATTGTCYAGCTCTGGTCTTGGATAATCAATGCATACGACCTGAATGACAAGATART
70501721

70501720 TCCTTTATTTHAGEGAAATRTATGHCIENEAGATAATAATTCAAGTCATHAGTCTATAGHS
70501661
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70501660 MECAAACCAAACCTTTAAAGGCCCCRAGTCCTTAACCRATCYTCTGGTCEIEEIEEEE
70501601

70501600 [NEWACGAATCTTTAACTTATGACCCATHGATTCGCTACCAGCAAAACATAAYGAATTCCT
70501541

70501540 TDGCAAGCAACCATCTCGAC

70501521

R primer
Left primer Spacer Eco RI (594)

»

SLPDS-SPACER!

620bp

For the second spacer

T
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- Query Sequence Database location 370503642 to 70503651 (+)
.- Genomic Sequence

- variant Efiect Predisior Genomic location 370503642 to 70503661 (+)

|- Assembly Converter Alignment score 20

L ID History Converter Evale 00027

& Configure this page Alignment length 20
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>chromosome:SL2.50:3:70503342:70503961: 1
TATTCTGTAAGTTT(

70503342 TGGTTTHCAT T GACCHCTCATTGITRTATSTTTACGITEATCTICT 70503401
70503402 FTATHCTGTCATTY TTT’ ERENYCATCTCTACHCAATTAGRCATCTCCTATCCTHG 70503461
70503462 17T EAUUNUNITEr WV T T T 1200 AL TGO CTATRATTGTRAGTARATCTSTATT 70503521
70503522 FTGIC! BATTCATATAGT GCT 70503581
70503582 TGATCT TATTCAGAACCTR TTAGGGAT 70503641
70503642 TTCRATGATATTTGC! GCI CCAGG 70503701
70503702 AGAATTCAGCCECTTTGATTTICTCCEANGCTTTACCCGCTCCTTIARATGTGAGCTART 70503761
70503762 G CTRATETTCTTARACTTCRC TARTRAECTGTARAG 70503821
70503822 TTGATTAEEMIT UV Ry SN CTGTAARATTCARARGTCAY \CACCTATRGGAC 70503881
70503882 TTEACTMCCTTAEAAGAECATAAAAGTTCAETACTTCETCATTG [ICCTTTTGTGTIGCA 70503841
70503942 GCTARRATRTTARATTCTTT 70503961

Ensembl Planis release 34 - December 2016 © EMBLEBI

>chromosome:SL2.50:3:70503342:70503961:1
70503342 TGGTTTICATATATTCTGTAAGTTTGACCCTCATTGTTTATGTTTACGTTAATCTTCT
70503401

70503402 ETATHCTGTCAT TGN ENENEUEREEGATCTCTAGHMCAATTAGACATCTCCTATCCTHG
70503461

70503462 TTTENONNPVUISEIUEINNe T TTTACAAAAATRGCCTATHMATTGTMAGTAAATCTGTATT
70503521

70503522 [TGTCTRGHTTCTHCTTTCTCATCTTATHATTCATATAGTGACTCATACAAATTGGTGCT
70503581
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70503582
70503641
70503642
70503701
70503702
70503761
70503762
70503821
70503822
70503881
70503882
70503941
70503942
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TGATCTYUTT TINAGTTGGGGCTTACCCAAATATTCAGAACCTRTTTGGAGAATTAGGGAT
TAACGATCGATTGCAATGGAAGGAACATTCAATGATATTTGCAATGCCAAGCAAGCCAGG
AGAATTCAGCCGCTTTGATTTCTCCGAAGCTTTACCCGCTCCTTTAAATGGTGAGCTAAT
CANGCINITN YNl epya C TR A TR T TG TTAAACTTCHC TAATARC TGTAAAG
TTGATT ARV T CIRVINYNNYNNVATC TGTAAAATTGAMAAGTCAATHACACCTATRGGAC
TTHACTAACCTTARAAGAGCATAAAAGTTCANTACTTCHTCATTGGYCCTTTTGTGTGCA

GCTAAAATETTAAATTCTTT 70503

Spacer?2
EcoRI (363)
Hin dIIT (388)

Left Primer Cla I (308) Right primer

o

SLPDS1-Spacer 2

620bp

3.2 ldentifying Spacers for sgRNA production to Edit Arabidopsis

PDS3:

‘ tm'r Home Help Contact AboutUs Subscribe Login  Register

Search | Browse ‘ Tools | Portals | Download ‘ Submit | News ‘ ABRC Stocks
Locus: AT4G14210 Add a Comment

Representative

Gene Model @  AT4G142104

Gene Model
Type

protein_coding

Other names: PDE226, PDS, PDS3, PHYTOENE DESATURASE, PHYTOENE DESATURASE 3, PIGMENT DEFECTIVE 226

Description @ Encodes phytoene desaturase (phytoene dehydrogenase), an enzyme that catalyzes the desaturation of phytoene to zeta-
carotene during carotenoid biosynthesis. Processed protein is localized to the plastid.

Other Gene AT4G142102

Models @ (splice variant)

Map Detail
Image

EhM:mﬂZ‘lZ..El;ﬁ?ﬁﬁ | | | |
a1k [ 8193 aidae [

Protein Coding Gene Hodels
AT4614210.1 (POS.FOSI, PDE226)

AT4GL4210.2 (POS,FOS3, PDEZZ6)

Your query is: AT4g14210 in Chr4 from 8190212 to 8195265

o T deemen  ares Jedun]
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Chr4:8192698-8192718 NA NA ATAAGCCTGACCGCCGACCA TGGCTGGCAA + exon

gRNA (Spacer was shown in upper-case):

5'-ATAAGCCTGACCGCCGACCAgttttagagctagaaatagcaagttaaaataaggctagtcegttatcaacttgaaaaagtggcaccgagtcggtgcetttttt-3'

It is located in the middle of PDS3 mRNA:

Hit# | Sequence name | # of hits IR
pattern start
1 AT4G14210.1 1 TGGTCGGCGGTCAGGCTTAT 1003
2 AT4G14210.2 1 TGGTCGGCGGTCAGGCTTAT | 1003

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5'-ATAAGCCTGACCGCCGACCA-3'
5'-TGGTCGGCGGTCAGGCTTAT-3'

GC content of Spacer sequence: 0.6

Potential Pol 111 terminator (TTTTT): null

4 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
Nlalll cut CATG

CviAll cut CATG

Fatl cut CATG

Ncol cut CCATGG

Total of 1 class0.0 gRNA seeds were found in this region

Hit
end | sequence

984 sequence

984 sequence

w“ > hitpy//chopchop.chu.uib.no display.phpFusedD=USER 585580087250 &MODE= CRISPREPAMIength=38target=AT4G142 O + & |[ SEATAGIZ101::1 results

>€ AT4G14210.1, isoform 1

File Edit View Favorites Tools Help
% EQKonvertter v iVelg

s 72016 CRISPR Workshop Pr... $= oligocalc Oligonucleotide... >< at3g06670.1 results F1J The Arabidopsis Book Ho..  Coursera - Free Online Co.. 7 Education Kits [ JoVE Peer Reviewed Scien... [ BioForum - Biology and Li.. &) BioTechniques Molecular .
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AT4G14210.1, isoform 1

——
T LT AT AT T T GCCAC CAT ST CaaC 00T CAGGCTTAT AT TGAGCECARGAT GaTTTAT CAGTCANAGAAT GEATGOARAAGCAGICAAGTACGCTATTCA

arm arTeTAGEAT TCTGTORTTGATTAATTTTT TGCTTTGEATTTACETT&TABSTAT TTGEGCTATTT
(] ] ] ] ] [ | [ ] ] LI | ]
5 ] [] 1 1 []
- —on !
= imren
W et
- e
W restricion ste
8182920 8192900 8.192.880 5.192.860 8.192.840 8192820 5.192.800 8192.780 8.192.760 8192740 8192720 8192700 8192680 8.192660 8192640
Download an annotated GenBank file of the results here
Download an csv table of the primers here
Gene specific part of SgRNA ]
ATAAGCCTGACCGCCGACCATGE
There are no predicted off-targets for this guide
[Pair| Left primer coordinates Left primer Left primer Tm|Left primer off-targets|Right primer coordinates Right primer Right primer Tm|Right primer off-targets|Pair off-targets(Product size

1 Chr:

4-5192876 GCTGAAATGTTCTGTGGTTGAA 602 0 Chr4:3152633-6192655 ACTCAATAC

13

GECTACTTGCCTGE 54.9

0

0
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https://www.arabidopsis.org/servlets/TairObject?type=gene&name=AT4G14210.1
https://www.arabidopsis.org/cgi-bin/patmatch/newGetSequence.pl?seq=AT4G14210.1&id=21073&beg=1003&end=984
https://www.arabidopsis.org/servlets/TairObject?type=gene&name=AT4G14210.2
https://www.arabidopsis.org/cgi-bin/patmatch/newGetSequence.pl?seq=AT4G14210.2&id=21073&beg=1003&end=984
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Left Right Pair
. . Left |prime| . 8 Right[prime
Pai| Left primer 8 - Right primer . q : off- [Produ
. Left primer prime| r off- ; Right primer prime| r off- .
r | coordinates r Tm [target coordinates ' Tm targettargemt size
S S
1 Chr4:81928 | GCTGAAATGTTCTGTGGT | 60. 0 Chr4:81926 | ACTCAATAGCCTACTTGC | 59. 0 o | 243
54-8192876 TGAA 2 33-8192655 CTGC 9
2 Chr4:81928 | GCTGAAATGTTCTGTGGT | 60. 0 Chr4:81926 | GCTTTTCCATCCATTCTT | 60. 0 o | 223
54-8192876 TGAA 2 53-8192675 TGAC 0
3 Chr4:81928 | GCTGAAATGTTCTGTGGT | 60. 0 Chr4:81926 | CTCAATAGCCTACTTGCC | 60. 0 0 242
54-8192876 TGAA 2 34-8192656 TGCT 1
4 Chr4:81928 | GCTGAAATGTTCTGTGGT | 60. 0 Chr4:81926 | CAATAGCCTACTTGCCTG | 59. 0 0 240
54-8192876 TGAA 2 36-8192658 CTTT 9

Chr4:8194628-8194648:c 3 4 CGCTTAAGACAAGAACAAGG AGGAGGAGTA - exon

gRNA (Spacer was shown in upper-case):
5'-CGCTTAAGACAAGAACAAGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-3'

Hit e — ’ Hit

[
|
| Hit# | Sequence name | # of hits atiE ‘start [end \sequence i
|
| 1 | AT4G14210.1 ‘ 1 ‘CGCTTAAGACAAGAACAAGG ‘ 420 ‘439 ‘sequence |
|
| 2 | AT4G14210.2 ‘ 1 lCGCTTAAGACAAGAACAAGG ‘ 420 l439 sequence |

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5'-CGCTTAAGACAAGAACAAGG-3'
5-CCTTGTTCTTGTCTTAAGCG-3'

GC content of Spacer sequence: 0.45

Potential Pol 111 terminator (TTTTT): null

1 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
BseRI cut GAGGAG

It is located in the beginning of PDS3 mRNA, also found from the website prediction
ChopChop (see the next description):
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https://www.arabidopsis.org/servlets/TairObject?type=gene&name=AT4G14210.1
https://www.arabidopsis.org/cgi-bin/patmatch/newGetSequence.pl?seq=AT4G14210.1&id=21169&beg=420&end=439
https://www.arabidopsis.org/servlets/TairObject?type=gene&name=AT4G14210.2
https://www.arabidopsis.org/cgi-bin/patmatch/newGetSequence.pl?seq=AT4G14210.2&id=21169&beg=420&end=439
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AT4G14210.1, isoform 1

‘Scroll 1o z00m. Drag to move lef and! right

S| e - .- -

—— o ——— . — - Ee—
e 2 3 4 s e B s o oo 2 12 1 i
- =xon
e
8, 19‘5 000 8. 19}!.505 8.1 B)i 000 8, |Bé 500 8. 19é.DDD 8.1 Bé 500 6_195 000 8. 191‘_500 8_|51‘_DDD 8, 195 500
Download results:  Results table
Off-targets
Ranking Target sequence Genomic location Exon Strand GC (%) Self-complementarity Efficiency
0| 1|2|3
1 TGGACCAAGAAAGTTGTCGGAGG Chr4:8100446 15 - 52 1 0 0 0 0 073
2 GCTAGTATTTGCACCAGCAGAGG Chrd:8191046 13 - 52 0 0 0 0 0 071
3 GCATGGTAGTAAACCTGGAGCGG Chr4:8191787 9 + 24 0 0 0 0 0 070
a GGCATACAAAGCCTTTCCGGAGG Chrd:8191953 9 + 57 2 0 0 0 0 072
6 CGGCGGTCAGGCTTATGTTGAGG Chrd:8192692 7 61 0 0 0 0 0 064
7 AGAAAGGTAGATACCTGCAAAGG Chr4:8194582 2 + 43 2 0 0 0 0 065
8 AGGACGAGGAGCACTACGGAAGG Chr4:8194415 3 - 61 2 0 0 0 0 065
a TATATTAARCACTTAAGAAATAR [rerryy > - = n A lalola A
AT4G14210.1, isoform 1
- - S
_ e =
- e}
1 n 1 1 1 | | 1 n ] 1 ] 1 1
[ ] 1 1 1 1 L] 1
1 1 1 1
L] L]
L}
. pimer L]
—resiion ste
8, 19;1.750 B‘TQ:l 700 3‘194‘1‘650 8,19&‘1,600 8, 19:1,550 3‘19‘A 500
Download an annotated GenBank file of the results here
Download an csv table of the primers here
Gene specific part of sgRNA
[CGCTTAAGACAAGAACAAGGEEE
There are no predicted off-targets for this guide
. Left Left A q Right Right .
. Left primer . - . Right primer . . . . Pair off-| Product
Pair| f Left primer primer |primer off- £ Right primer primer |primer off- A
coordinates Tm targets coordinates ™m targets targets | size
Chr4:8194687- Chr4:8194478-
1 8194709 CACTTTCATCTGGAGGTTGTGA | 60.1 0 8194500 CTCTAGCTCTGGCCTTGGAATA | 60.0 0 0 231
Chr4:8194746- Chr4:8194478-
2 8194768 GGTTGTGTTTGGGAATGTTTCT 60.1 0 8194500 CTCTAGCTCTGGCCTTGGAATA | 60.0 0 0 290
3| ChraBl6T6- | oo A GGTTGTGAACTAATGGGAC | 59.7 0 Chra-8194478- | 10T AGCTCTGGCCTTGGAATA | 60.0 0 o | 220
8194698 8194500
Chr4:8194710- Chr4:8194478-
4 8194732 TTATCAAAACGGGTTTTTGGAG 60.2 0 8194500 CTCTAGCTCTGGCCTTGGAATA 60.0 0 0 254
Chr4:8194687- Chr4:8194471-
5 8194709 CACTTTCATCTGGAGGTTGTGA | 60.1 0 8104493 CAGTGTTCTCTAGCTCTGGCCT | 60.2 0 0 238

3.3 T7 dependent expression of sgRNA and co-transfection with
NLS-CASO9 to isolated protoplasts:
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_ /—\ High-fidelity Treatment
/ sgRNA PCR ¥ 5 with KLD Mix
i Il——
expression Hl 3
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NEBUILDER™ HIFI DNA
ASSEMBLY STRATEGY
780 bases NEBuilder
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. : Extension . - Assembly
g 3 5 3 5
Annealing 5 . ¥ o . b
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Sy

 sgRNA
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(Q5 Hot Start)

!
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sgRNA plasmid
+ +
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5 e et )
Cells Animals I vitro

3.3.1 Subcloning of spacers in T7 dependent sgRNA expressor vector:

Dr. Amr Kataya: July 26, 2016

The oligos of the beforementioned spacers will be ordered after the addition of two adapters at the
5’ of each oligo. These oligos will generate overhangs after the annealing of primers that are
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compatible with the two Bsal sites in the vector (see below (Shen et al. 2014)). For the method of
spacer production and subcloning see (Shen et al. 2014; Liu et al. 2015).

PpUC57-sgRNA expression vector
T7 promoter is highlighted in yellow. Two Bsa I restriction sites, shaded in purple, are used for inserting

iy Plox, (45) annealed oligos for the target sequence. The scaffold of the sgRNA is underlined. A Dra I restriction
A site, shaded in blue, is used to linearize the plasmid for in vitro transcription.
BStAPI (185)
KasI (235) 'gegeg’ geeg
Nart (236)
(2457) BspOI - Cla w o) < tacq taccgoa ttegeeattca
il tatt tcgg o
—— Fspl (258) gattaag gt ttgtaaaacgacggccagtgaattcgagetcggtacctegegaa
Bmrl (359) tgcatctagatatcggatcccTAATACGAC TCACTATAGE AGAGAL( \GTTTTAGAGCTAGAARTAGCAAG
EcoRI (396) TTAAAATAAGGCTAGTCCGTTATCAACTTGAARAAGTGGCACCGAGTCGGTGCTTTTTT: 't
(2321) TsoI EcoS3kI (404) taatcatggteat tacga
ol (406)
(2285) Past —AceSI (108) tgt tgectaatgag
Kpnl (412) cag taats
(247) EcoNT Nt i gegeggecge
EcoRV (431) at aggggat tgt
(2202) BsrFI BamHI (435) gctageg S atca
—" ~ papomr oo T et radara
(2140) Bpu10I - ekt geettteteoctt t ataget atet
Accl (575! taag
HincIl (576)
St :33 gtgg tatttgg t
Sph (595) tggt tgg
HindIT1 (s57) aggatct crttet gacgct cagt teacgtt ggtcat
gagattat t agatccttttaaatt tcaatctasagtatatatgagtaaac
Eagl - NotI (s34) ttggtctgacagtt teat aatgaaactgcaatttattcatatcaggattatcaataccatatttttqg
tttetgtaat. " t ‘teetggtateggtetgegattee
(1500) PfIMI t it tattaa t
tga a t
AL - PeiT (957) actegeat ttattcatteg tegety ttaca
togaa £
tgg: gt tgcatcatcaggagtacggataaaatgcttgatggtcggaag
aggcatasattocgtoagecagtit agtetgaceatcteatctgt ta ag
caactctggegeategggetteccatacaatcgatagattgteg tgatt trat tttatacce
atataaatcagcatccatgttggaatttaat tt ttgaatatggetcatactettectttt
BseYI (1261) tecaatat: atatttag. t. tagg
(1505) Acul - EcoS7MI AR (1285) 9g tta £t taggeg
AIwWNI (1373) tatcacgaggccctttegte
DNA constructs. The Cas8 expression construct pST1374-Cas9-
PURFOSE N-NL5-Flag-linker (Addgene 44758) was optimized for nuclear
(Empty Backbone) For in vitro transcription of import and contains a CMV promoter for expression in mam-
SgRNA from the T7 promoter. malian cells and a T7 promoter for in vitro transcription of Cas$
mRMA!, This plasmid also contains a blasticidin selection cas-
DEPOSITING LAB sette for transient enrichment of transfected cells expressing CasS.
Xingxu Huang To generate the vectors encoding Cas?(D10A) and Cas9{H840A)
nickases, pST1374-Cas3-N-NLS-flag-linker was mutagenized
PUBLICATION by PCR amplification using PrimeSTAR HS DNA polymerase
Shen et al Nat Methods. 2014 Mar 2. doi: (Takara, DR010A) and the In-Fusion PCR Cloning kit { Clontech,
10.1038/nmeth 2857 { How to cite +) 638509). The primers used for site-specific mutagenesis are Mut
D10A forward (For): 5'-GGACTGGCTATCGGGACAAACTCC
SEQUENCE INFORMATION GTTGGCTGGGE; Mut D10A reverse (Rev): 5'-COCGATAGC
Depositor Sequences: Full (1) CAGTCCAATAGAGTATTTCTTGTCTCTAG; Mut H340A For:

FCGTGGACGCTATTGTTOCACAGTCCTTCCTCAAAGATG;
and Mut HE40A Rev: 5- AACAATAGCGTCCACGTCATAATCG
GACAGCCGGTTG. The pUCST7-sgRNA expression vector used
for in vitro transcription of sgRNAs contains a synthetic fragment
composed of a T7 promoter, two Bsal sites and the sgRNA cloned
ORDERING into the pUC5T vector (Thermo, SD0171; modified by Taihe,
Beijing). pGL3-Us-sgRNA-PGE-Puro vector used for expression
of sgRNAs in cells contains the Us-PGE-Pure fragment ampli-
fied from pLKO.1 (Addgene £453) inserted into pGL3-Basic
plasmid backbone (Promega, E1751). The sgRNA scaffold was
PCR-amplified from pUC57-sgRNA and inserted downstream
of U6 promoter using Agel and EcoRI, Oliges for the generation
of sgRNA cxpression plasmids (Supplementary Table 7) were
BACKBONE GENE/INSERT annealed and cloned into the Bsal sites of pUCS7-sgRNA or
pGL3-Ul-sgRNA-PGK-Puro. Annotated sequences of pST1374-

Addgene Sequences: Partial (2)

Item Catalog # Description Quantity Price (USD)

Plasmid 51132 Plasmid sent as bacteria in agar stab 1 $65 Add to C:

Available to Academic and Nonprofits Only

Vector backbone: pUCS57 Gene/insert name: sgRNA scaffold Cas9-N-NL5-flag-linker-D10A (Addgene 51130), pST1374-Cas5-

& (Search Vector Database) Promoter: T7 N-NLS-flag-linker-H840A (Addgene 51129), pUCST-sgRNA

Vector type: Mammalian Expression, CRISPR (Addgene 51132) and pGL3-UG-sgRNA-PGK-Puro (Addgene
CLONING INFORMATION 51133) plasmids are presented in the Supplementary Note.

GROWTH IN BACTERIA . ) .
3 . ) Cloning method: Restriction Enzyme In vitro transcription. Cas9 expression plasmid was lincar-
Bacterial Resistance(s): Kanamycin

§' cloning site: Bsal (not destroyed) ized with Agel and in vitro transcribed using the T7 Ultra Kit
Growth Temperature: 37°C 3 cloning site: Bsal (not destroyed) (Ambion, AM1345). mRNA was purified by RNeasy Mini Kit
S (Qiagen, 74104). pUC57-sgRNA expression vectors were linear-

Growth Strain(s): DH3alpha ' i imer:
(=) P 5' sequencing primer: pBAC ized by Dral and in vitro-transcribed using the MEGAshortscript
Copy number: High Copy 3’ sequencing primer: Lac-promoter Kit (Ambion, AM1354). sgRNAs were purified by MEG Aclear Kit

{Ambion, AM1908) and recovered by alcohol precipitation.
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NEB REases for use in

H

H - —
NGAGACC |[SGGTCTC 3
3 NCTCTGGs || CCAGAGN

~ " ez

Golden Gate Assembly

- Bsal (NEB #R0535)

- Bsal-HF (NEB #R3535)

- Bbsl (NEB #R0539)
P,z B - BsmBl (NEB #R0580)

| A
B

PCR amplification of
vector and fragments
P S, :
// G
— _ 1§ linearized S F Q —_— Assg;l,k\)led
Single-tube reaction [ PCR-amplified
* Bsal \ fragments
* DNA ligase \ ¥
* While A and B insert seq involved in 4-base laps are shown in separate

ps are insert derived,

colors for clarity, the actual bly is ; 4-base
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https://www.neb.com/applications/cloning-and-synthetic-biology/dna-assembly-and-cloning/golden-gate-assembly
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3.3.2 CAS9 sources:
3.3.2.1 Protein

1- Protein production, cleavage, and purification of CAS9 from PMJ806 (no. 39312). [RISOMWE
hﬁe second

plasmid was modified from the first, but showed to be more efficiently working in vivo, also it
does not need cleavage of MBP as in the first vector. In case if we will work for the second, we
will only use His tag for purification etc (find'agood protocol). Also for suggestions of amount
of gRNAs and proteins we will look at (Zuris et al. 2015), specially supplemental figure 6 and
(Woo et al. 2015).

2- Buying ready made NLS-CAS9 for example from NEB s mm.ses conroucismosas-cass-nuctesse iss pyogenes).

pMI806
10,577 bp

3.3.2.2 Transcripts

In vitro transcription of NLS-CAS9 from the e
plasmid pST1374-NLS-flag-linker-Cas9  (no.

44758, (Shen et al. 2014)).

PST1374-N-NLS-flag-linker-Cas9-H840A

9318 bp
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https://www.neb.com/products/m0641-cas9-nuclease-nls-s-pyogenes
https://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiwp6fA2_fMAhWlJJoKHTFbBLMQjRwIBw&url=https://www.snapgene.com/resources/plasmid_files/crispr_plasmids/pET-NLS-Cas9-6xHis/&psig=AFQjCNHfo3gQRsAWI-mUOMBgpZPlwoLlyA&ust=1464351209451901
http://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjV8L7UzffMAhUFAZoKHXx0BcgQjRwIBw&url=http://www.snapgene.com/resources/plasmid_files/crispr_plasmids/pMJ806/&psig=AFQjCNHS8I3Ez7pjw-UoBOw7nUtNRDUCJw&ust=1464347494678197
http://www.google.no/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjemJTI3PfMAhUsMZoKHeuSBZEQjRwIBw&url=http://www.snapgene.com/resources/plasmid_files/crispr_plasmids/pST1374-N-NLS-flag-linker-Cas9-H840A/&bvm=bv.122852650,d.bGs&psig=AFQjCNGSLrVs5IwPjrlBecwuDTLnGm9-TA&ust=1464351494911027
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3.3.3 In vitro transcription of sgRNA and NLS-CAS9

E2050S (https://www.neb.com/products/e2050-hiscribe-t7-quick-high-yield-rna-synthesis-kit )
and E2060S (https://www.neb.com/products/e2060-hiscribe-t7-arca-mrna-kit-with-tailing ), will
be used for the transcription of sgRNAs and NLS-CAS9, respectively.

Start of Transcription
T7 Promoter
5°~TAATACGACTCACTATAGGG 3" (DNA template)
37 =ATTATGCTGAGTGATATCCC 5
l T7 Transcription
5° -GGG 3~ (RNA transcript)

Run-off transcript has the top strand sequence.

ARCA

incorporation vt Poly (A) mANA mRNA yield and
bL t\}T treatment, tailing, purification, quality analyscs,
30 gﬂgms 15 minutes 30 minutes 30 minutes 60 minutes
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3.4 Finding PSY2L homologs in Tomato

Arabidopsis PSY2L AT3G06670.1

-

MGAPEKSQSN TNSMQRVKVY HLNEDGKWDD RGTGHVSIDF VERSEELSLC
51 VIDEEDNETL LVHPINPEDI YRKQEDTIIS WRDPERSTEL ALSFQETAGC
101 SYVWDQICTM QRNLHFSSLN SETFHSLNSE LRELPAVELT TLPLILKIVT
151 ESGITDQMRL TELILKDHDF FRNLMGVFKI CEDLENVDGL HMIFNIVKGI
201 ILLNSSQILE KIFGDELIME IIGCLEYDPG VPHSQHHRNF LKEHVVFKEA EW‘S 2105459“2113698

| I
251 IPIKDPLVLS KIHQTYRIGY LKDVVLARVL DDAIVANLNS VIHANNAIVV B o o I B B B o
301 SLLKDDSTFI QELFARLRSP STSMESKKNL VYFLHEFCSL SKSLQVVQQL 2106k 20 HA0BK H0% ek Zﬂlk 2112k ULk
351 RLFRDLINEG IFHVIEEVLQ IPDKKLVLTG TDILILFLTQ DPNLLRSYVV

401 RTEGNPLLGL LVKGMMEDFG DKMHCQFLEI IRTLLDANAL SGGAQRANIM

451 DIFYEKHLPE LVDVITASCP EKSSNASEGA ARRIFTKPEV LLNICELLCF Frotein Coding Gene Hodels
501 CIMQDASRTK CSFLONNVTE KVLHLTRRKE KYLVVAAIRF VRTLLSVHDD AT3R066/0.1 (T2 (4_5tar))
551 YVONYVVENN LLKPIIDVFI ANGTRYNLLN SAVLDLLEHI RKGNATLLLK

601 YIVDTFWDQL APFOCLTSIQ AFKVKYEQCL ESAGPKSTSD AVDPRRRVDE AT3606670.2 (TE_€2_Stard)

651 RALEKEEEDY FNEDSDEEDS ASASNTQKEK PASNIQKEQP KPHLSNGVAA
701 SPTSSSPRSG GLVDYEDDED DEDYKPPPRK QPEASEDEEG ELLRLKRKSA
751 LVEREQEPSK KPRLGKSSKR ENVFAVLCST LSHAVLTGKK SPGPAGSAAR
801 SIVAKGAEDS KSSEENNSSS SDDENHKDDG VSSSEHETSD NGKLNGEESL
851 VVAPKSSPEM AVNGS

3.4.1 Alignment of PSY2L towards Tomato Solanum lycopersicum (taxid:4081) in NCBI:

lit View Favorites Tools Help
Converter ~ [EHVelg

"he Arabidopsis Book Ho. Coursera - Free Online Co... ;) Education Kits [J JoVE Peer Reviewed Scien... [P BioForum - Biology and Li... £ BioTechniques Molecular .. £ Dashboard - Plantse & Signal to Noise Special Edi... & Digital tools for researcher.

Putative conserved domains have been detected, click on the image below for detailed results.
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[0 PREDICTED: e 4 requlatory subunit 3 isoform X1 [Solanum 1075 1075 100% 0.0 64% XP 0042520211
[0 PREDICTED: seri teir 4 requlatory subunit 3-like [Solanum 1056 1056 100% 0.0 61% XP 0042290011
[0 PREDICTED: teir 4 requlatory subunit 3 isoform X3 [Solanum 605 605 43% 00 74% XP 0103147171
[0 PREDICTED: seri teir 4 requlatory subunit 3 isoform X2 [Solanum 603 603 43% 0.0 74% XP 0103147161

3.4.2 Alignment of PSY2L from Arabidopsis, human, and tomato 4 homologs appeared in
the above alignment:

S1_gi_460366250 (202) i FLN.) IE [GCLEYDP| [HRGFL|

At_gi_332640917 | JRVKVYHLN| [WDDRGTGH! R L1 S1_gi_723752937 (194) i IE} IGCLEYDP]
S1_gi_460415146 - JRVKVYRLN] WDDQGTGH! R S1_gi_ 723752934 (194) i IE} IGCLEYDP]
Slig 460366250 JRVKVYRLN] WDDQGTGH! R Hs_gi_ 546231920 (193) I GIF LNR EV] (GCLEYDPALSQPRKHREFLTKTAKEKEVEP-

517gi 723752937 - -] RVKYYRLNBDGKWDDEGTGH R 3

s1_gi 723752934 RVKYYRLNBDGKWDDEGTGH R L LVADE L) At_gi 332640917 (264) YGCFGISAIPI D} KI bV}

Hs_gi_546231920 - -MTDTRRRVKVY TLNEDRONDDRGTGHVESG] € 51_gi 460415146 (252) KI 1

140 51_gi 460366250  (260) D

At_gi_332640917 I E] ILALSFQERAGC] S1_gi 723752937 (252) Di KI I IDSTE
S1_gi_460415146 I 12 ILALSFQEERGC] S1_gi 723752934 (252) Di K1) L. it IDSTE
S1_gi_460366250 I 12 ILALSFQEERGC] Hs_gi 546231920 (252) SDPE] KQKI TY] HSFIFFNKVEQVG] LQ DEFF
Slig 723752937 I 12 ILALSFQERRGC]

517gi 723752934 KOEDTET] EXSTELALSFOEITGC 0- EQF At_gi 332640917 (332) w s E] LQIPD

Hs_gi_546231920 s npn}womom TvisAEN-YBLALSFQEKAGCDE] 51_gi 460415146  (310) E;

S1_gi_460366250 (318) | K | LQ PD

t_gi 332640917 ELp: fjrRicEoLEniBc s1_gi 723752937 (310) E|

1 gi 460415146 ELP) G 1) 1) EDLEN s1_gi 723752934 (310) E; ]
S1_gi_460366250 CEDLEN]| Hs_gi_ 546231920 (312) T L[‘ QLTDE 'DEEK] QEL NFLKEFCAFSQ LQPQ JRDAFERT: LGMDDTQ RS
S1_gi_723752937 JEDLEN]
S1_gi_723752934 [ELP| 1] R-] L) JEDLEN] At_gi_332640917 (402)
Hs_gi_546231920 DD SSPGLELPSCEL iR] {FHYCEDLEN; 517917460415146 (380)

21 280 51_gi 460366250  (388)

At_gi 332640917 s1_gi 723752937 (380)
S1_gi_460415146 S1_gi_723752934 (380) o SAAIL NSPGRSC: SGORYENRF:

21
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Hs_gi_546231920

At_gi_332640917
51 gi 460415146
51_gi 460366250
51_gi 723752937
S1_gi_723752934
Hs_gi_546231920

At_gi 332640917
517gi 460415146
51_gi 460366250
51_gi 723752937
51_gi 723752934
Hs_gi_546231920

At_gi 332640917
51_gi_460415146
517gi 460366250
51_gi 723752937
51 gi 723752934
Hs_gi_ 546231920

At_gi 332640917
S1_gi_ 460415146
51 gi_460366250
S1_gi_723752937

(382) -FSYLIEYNI IR = = o 2 00nDDD 1 L 1 - H ITDF.GGAV'LIG_PENMLAT
N D 5 RIFT)
5| SPTDGITQAVS ES| D TGKOSSY]
L DT PK--GDSLSVSE] 05C;
Bexucflinvira
561
jopasRTRESEHC] v N D
2 1) R H D
) SELL L R E N
R

B R

Nl RNTENSATIENEE - TRvE0EK s BB i< ~EeovEY FKG_QRIRQDNPKIDI

TSD i P. NIQKEQPKPH s V2l s s
DP} Cl -
g G: v ***QL

(464)
(440)
(447)
(380)
(417)
(452)

TED! RoororaoBEALHLEEETE
630
(522)
(508)
(513)
(380)
(417)
(506)

(592)
(578)
(583)
(380)
(417)
(576)

(659)
(645)
(650)
(380)

S1_gi_723752934
Hs_gi_546231920

At_gi_332640917
S1_gi 460415146
S1_gi 460366250
51 gi_ 723752937
S1_gi_723752934
Hs_gi_546231920

At_gi_332640917
S1_gi 460415146
S1_gi 460366250
S1_gi 723752937
s1_gi 723752934
Hs_gi_546231920

At_gi 332640917
S1_gi 460415146
S1_gi 460366250
s1_gi_ 723752937
S1_gi_ 723752934
Hs_gi_546231920

Dr. Amr Kataya: July 26, 2016
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(646)
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L LREK]

SFPL

jsE ek

e BB RR DA o BEOBEE VSN - DB o
771
P YE] P 1P| G EREQ GKS|
YD L) & KDES K LQL
D) ISGI P ISBT] 'APKKDP-EEKRLOC]
BBB DB sKFMBRL K LxEBEKEFLLETNESGRO-SBSFRLSHS SEHE-
841
~==--PGPRAGS] ST K SEE S8SSPDENH] DGVS——
MGSTV ------ QDGC IDEK] H iSAGLBNHDHREPNGPKS
ISKTTESPAGNGSAAPGS| DENK IDFENHANBOATSPKK
NIT.Q T NEE§s PGS

SEHE DNGRLNG)
SMHESEDN] RG 2
|SLHKSEDS|

(728)
(706)
(710)
(380)
(417)
(693)

840

,,T,,

(797)
(776)
(779)
(380)
(417)
(742)

---pGsBcEr@spcBlekTsoTERHr«EcLveLvDy POFDEDDDE

(854)
(840)
(849)
(380)
(417)
(803)

3.4.3 Alignment of PSY2L mRNA from Arabidopsis, human, and tomato 4 homologs

appeared

At_gi_ 334185149

Hs_gi 546231919
S1_1_gi_ 723752928
723656934
5173 gi_ 723752936
5174_gi_ 723752933

At_gi_ 334185149
Hs_gi 546231919
723752928
723656934
T3 qi 723752936
5174_gi_ 723752933

At_gi_334185149

Hs gi 546231919
S1_1_gi 723752928
723656934
5173 gi_ 723752936
S174_gi_ 723752933

At_gi_334185149
Hs gi 546231919
_17gi 723752928
5172 gi_ 723656934
5173 gi_ 723752936
S1_4_gi_ 723752933

At_gi_ 334185149
546231919
723752928
723656934
723752936
723752933

334185149
546231919
723752928
5172 gi_ 723656934
5173 gi_ 723752936
5174 _gi_ 723752933

At_gi_ 334185149

S1_4_qi_ 723752933

At_gi_ 334185149

723656934
723752936
723752933

334185149
_gi_ 546231919
S1_1_gi_ 723752928
5172 gi_ 723656934
"3 gi 723752936
S174_gi_ 723752933

At_gi_ 334185149
Hs gi 546231919
S1_1 gi 723752928
723656934
"3 gi 723752936
514 gi_ 723752933

At_gi_ 334185149
Hs gi 546231919
723752928
723656934

S1_4_gi_ 723752933

At_gi_334185149
546231919
723752928
723656934

T3 qgi 723752936
51°4_gi_ 723752933

At_gi_334185149
Hs_gi_ 546231919

in the above alighment:

1

TGCGTCCCGCCTCCTCCGCTCCCTGOGCTCCCG! T

TCGCTGCTGTCTCTTT, TACGAG

cCcG

TGCAGCTGCTCCCTGGGTG GCGCGCCC

----------------- CGGCAACAATGATCAAATTCCCACCTGGCGCATTTTCATTGGATTTAACT'
GGCTGIGT! GGCGGC CGACTTCCACTAGTCCGGGTCGCTT

280
TTC
GGG

(1)
281

TTTTACACAGACAAAACATTTCTGCTTGTCATTTCTTCTACGTCACAGGCTGTCGTTTTTARAGAGAC
CGGCCGGGEGCCCTCAGAGTCTCCCGGGCAGTGGTAGCAGTTGCAGCAGGATCAGGCGCCTGTCGGT

(54)
(281)
(1)

350
GCG
TTC

(1)
(1)

(1)

351
AACCGACTCGCGE C GCTCGATGE

(124)

T
(351) TGACGTTT: C. CACTGGCCGCGGTGGCAGGGCCAGGTAT:

(1)
(1)

(1)

(1)
421

(194) GGGTATTARTGGAATTTAGTTCATAACGTATGAAGARTTATATTATTTTTCTGCTGCTTTAATTTTT

490
TTT

(421) AATATGGCGGCGGCGGCGGCGGCCT TGCTT r

(1)

(1)

(1)
(1)

491

560

(264)
(491)

TTCTTTTTTTTTTTCTCCTCTCT
GGAGGCGGGAGCAGGGCAGTG

TTCTCTCTTCTTTCGCGTTTCGAAC
GGG T

TT TTTCG!
T,

AGA

(1)
(1)

(1)

(1)

630

(334) AG i Gt

TTTCT
(561) |

TCGGGGCTC

TTT

(1)

(1)

(1)
(1)

631

(404)

GEGGTTGGTEATCAGT)

{elelelelel [eleleler b, {el /o]

GEG- TCRAT|

TTCTTTGATTTCGTCECCTHEG-AG CTG TcTcBcGecTRBTATCEECGECGTCTEETTCCTATCETT
GGCGAGGARAGGCGGEGGCCEAGAG] TC GTf ccch GeGGeCATECAGGCGGCGGCRCEaCCCC:

Eol :
CTCTCCAGIGCCCC TTCCTGGGCGTCHAf GccccccccccccccccccT TCCCGGY GGCACG
T
: l I IIiTCT e e
4

700

GCl

T

TGA

ch

T_
910
TGG

GG GACCGGGG!

]

~rnrrn
B

S1_2_gi_ 723656934
S1_3_gi_ 723752936

TGGGA]
GGRAGT

TG CHGGGGAC:

GACEEGGEACEGG S

GG

TGGGA!
12)

T
W
W
T

S174_gi_

At_gi_ 334185149
Hs_gi_546231919
723752928

723752936
723752933

TGGGA]

(664)
(908)
(220)
(310)
(225)
(225)

1
(733)

8
cs|c|ci|mcncn -TCCCA--TEAACCCTEAGERTRETTAC!
(974)

CGGTTCHCTACTTTTAGAGTCEARAATARATICCTARCACTGCATACH

911

GCACGT ceaficcBerT] GTGGAGCG.CTGAAG.ACIC TC TATGTGTIATIG.TG Al
GTGTBGTCTGGCTRCGTGEAG ITGT CAGGGCTGAGAGCGA

|c Gl TATAT] ITGT]

cealler TATCTAGAG] G| CGAG

[CARGT] IT| 7| ITGT]

ICAEGT] GAT T 7| ITGT|

981

/< lele]
i< lele]
su

050

AAGABGACACEATAATC

CAACAGGACACTCIGATT

S1.1 gi 723752928

5172 gi_ 723656934
5173 gi_ 723752936
5174_gi_723752933

At_gi_334185149
Hs gi 546231919
51 1gi 723752928
" gi 723656934

51 3 gi 723752936
“gi 723752933

At_gi_334185149
Hs gi 546231919
“gi_ 723752928
gi 723656934
T3 gi 723752936
S1°4_gi_ 723752933

At_gi_334185149
Hs_gi 546231919
Sl 1 gi 723752928
gi 723656934

Sl 3 gi 123752936
“gi 723752933

At_gi_ 334185149

Hs gi 546231919
S1_1_gi_ 723752928
5172 gi_ 723656934
5173 gi_ 723752936
5174_gi_ 723752933

At_gi_ 334185149

Hs gi 546231919
S1_1_gi 723752928
" gi 723656934
“gi 723752936
gi 723752933

At_gi_ 334185149

Hs gi 546231919
S1_1_gi_ 723752928
5172 gi_ 723656934
5173 gi_ 723752936
S174_gi_ 723752933

At gi 334185149
Hs gi_ 546231919
S1_1_gi 723752928
S1_2_gi 723656934
S1_3_gi_ 723752936
S1_4_gi_ 723752933

At_gi_ 334185149
Hs gi 546231919
“gi_ 723752928
"gi 723656934
_gi 723752936
“gi 723752933

At_gi_334185149
Hs_gi 546231919
511 gi 723752928
5172 gi_ 723656934
5173 gi_ 723752936
5174 _gi_ 723752933

At_gi_ 334185149
Hs gi 546231919
Sl 1 gi 723752928
gi 723656934

Sl 3 gi 723752936
gi 723752933

At_gi_334185149
Hs_gi 546231919
—gi_ 723752928
gi_ 723656934
“gi_ 723752936
gi_ 723752933

At_gi_334185149
Hs_gi 546231919
51 1_gi 723752928
" gi 723656934

51 3 gi 723752936
“gi_ 723752933

At_gi_334185149

Hs_gi_546231919
511 gi 723752928
5172 gi_ 723656934
5173 gi_ 723752936
51°4_gi_ 723752933

At_gi_334185149

Hs_gi_546231919
511 gi_ 723752928
5172 gi_ 723656934
5173 gi_ 723752936
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(289)
(379)
(294)
(294)

THATE
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7 ATI
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oy
oy TC -ECECA TAc B
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GGGTGEEETHATG
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TCEEATGCGCClianGT---GBACT

GGEAT TAC
CAGAACTTGTGSITCATCTTTACCTTCACCTCTTCGTC AAAAACTTGCACT
T}
ic} o
ic}
ic}

(800)
(1044)
(356)
(446)
(361)
(361)

TTT

1121
TRTGGGAT]
TTTGGGAG:
THTGGG
THTGGG
TATGGG
TATGGG
1191

(870)
(1111)
(426)
(516)
(431)
(431)

(940)
(1180)
(496)
(586)
(501)
(501)

CTHG-

(998)
(1250)
(554)
(644)
(559)
(559)

o
o

(1051)
(1319)
(607)
(697)
(612)
(612)

CTf

TG
TG
TG

1] GGAATCT.TGG cTTTTERARETATEECA
CTCCTG GCTTTT CATGTGTETGA]

T T

IT| iCT

7} CTl

(1121)
(1389)
(677)
(767)
(682)
(682)

IGATG ccTlicACEEGATATHEAACAT TETCARGGGHEAT

GAA ACT CACCACTTGTATG TTATCA
TCG: c
Grficac] T T T
) TAGT]
CAC] 7 TAGT!
BcAGATEATCGGATGC] TIGAATATGII:ICCTG TEGCEca
A GTTATGTTCTC BGACGTCATEGGATGETTAGAATATGARCCTGCHTTATCACA
A A ITGAATAT
i g A I g

7CG:
TCG
i TEGGET clica
CTCICIGCAICACIGG
TTTCT

T T ICACA
$ GGITTTCTG! C

(1191)
(1459)
(747)
(837)
(752)
(752)

(1261)
(1529)
(817)
(907)
(822)
(822)

TTTCTG c GlT.T TAAIGAIAGACAAAGTCATGTTTTTTTT

r-r-r-

ol AAAT

7| T clca
cllca
TTTCT|

TGAR
1610
rrTCT]

1680
TTGGGATTAGCGEBATHCCAATCRRAGATCCCTHAGTEE
TGATTCCCATATCAGATCCTGAGCTGA

GATiC] Tf
T cc TC GATAC] B
GAT]iC] B
A c AT GATICH 7

1750

TT.TTACTT.AIGAT 7} T 1} TACT
TTCAGTARA CAACTCCTTC
TTEGET: THGAGT]
TTGGET: T cc C.
IGAGTTGGET: 1)
|GAGTTGGET: )

AGATGATEE TATTETEECAA TCTGTRAT] nAficECREABTACTTHGAT!
GAAGAAAAC GTTATCAAC A T CACTCTTTTAT . GTHGAGATEGTTGGC:
|GICAAAGAA] THGT]
(1045) G
(960) G
(960) G

IAGGACGAT TTTEATECAAGAGTTATTGC] TGAGETCEECTTCACTEETATGG:!
AR AATT ICTGACAGARTTEGHT TGC| I ACTAACAGATGAAGCAAC IGATGAGGAAA
TTC T IGAETTECTT! T G
GAATTAITTGTGARA] T 1 ACT T}
TTC T IGAETTECTT! TGA C AC T
I TTCAT GATTTGCT T T

891 1960
ITT TATATTTCTT.AIGAATTTT GTTA.C.AIAICCTCCA

GACAGGAATT 7T ITTAAAAGAATTTT GTTTTCCCAAACGCTACAGCCTCAAAACA

TTGEATGHA]

TTGCATGA!

TT GA

TR
. TTT TCAAGAC TTGTC

(1331)
(1578)
(863)
(953)
(868)
(868)

(1401)
(1606)
(891)
(981)
(896)
(896)

cal
CARACHT.
CARACHT.

ARABATECECCAGACGTABAGA;
A CAAAAAATTC ICAGACATACA
AGAT ICA]

T
m‘

(1465)
(1676)
(955)

(1535)
(1746)
(1025)
(1115)
(1030)
(1030)

(1605)
(1816)
(1095)
(1185)
(1100)
(1100)

(1675)
(1886)
(1165)
(1255)
(1170)

TGGGCAT]
[GGCAT|
(GGGCAT]
(GGCAT|




S1_4_gi_723752933

At_gi_334185149

Hs_gi 546231919
511 gi_ 723752928
5172 gi_ 723656934
5173 gi_ 723752936
S1_4_gi_723752933

At_gi 334185149
546231919

723752936
723752933

334185149
546231919
723752928
723656934
723752936
723752933

At_gi_ 334185149
546231919
gi_723752928

At_gi 334185149

Hs_gi 546231919
S1_1_gi 723752928
723656934
3 gi_723752936
5174_gi_ 723752933

At_gi_334185149
Hs_gi 546231919
723752928
723656934
723752936

At_gi_334185149
Hs gi 546231919
S1_1_gi_ 723752928
723656934
T3 gi 723752936
S1_4_gi_ 723752933

At_gi_ 334185149

Hs_gi 546231919
S1_1_gi_ 723752928
5172 gi_ 723656934
5173 gi_ 723752936
5174 gi 723752933

At_gi_ 334185149
546231919
723752928
723656934
723752936
723752933

At_gi 334185149

Hs_gi 546231919
S1_1_gi 723752928
5172 gi_ 723656934
5173 gi_ 723752936
5174_gi_ 723752933

At_gi_334185149
_gi 546231919
S1_1_gi 723752928
5172 gi_ 723656934
723752936

334185149
546231919
723752928
723656934
723752936

334185149
546231919

At_gi_ 334185149

Hs gi 546231919
511 gi 723752928
5172 gi_ 723656934
5173 gi_ 723752936
5174 _gi_ 723752933

At_gi_ 334185149
Hs_gi 546231919
723752928
723656934
723752936

At_gi_334185149

Hs_gi 546231919
S1_1_gi_ 723752928
5172 gi_ 723656934
5173 gi_ 723752936
5174 gi_ 723752933

At_gi_334185149

Hs_gi 546231919
511 gi_ 723752928
5172 gi_ 723656934
5173 gi_723752936
S174_gi_723752933

At_gi_ 334185149
546231919
723752928

334185149
546231919
723752928

5173 gi_ 723752936
51°4_gi_ 723752933

At_gi_334185149
Hs_gi_546231919

(1170)

(1745)
(1956)
(1235)
(1325)
(1240)
(1240)

(1781)
(1994)
(1271)
(1361)
(1306)
(1271)

(1851)
(2062)
(1341)
(1428)
(1376)
(1341)

(1919)
(2126)
(1409)
(1496)
(1384)
(1409)

(1989)
(2194)
(1473)
(1560)
(1384)
(1445)

(2054)
(2255)
(1543)
(1626)
(1384)
(1445)

(2099)
(2322)
(1613)
(1694)
(1384)
(1445)

(2169)
(2392)
(1683)
(1764)
(1384)
(1445)

(2239)
(2462)
(1753)
(1834)
(1384)
(1445)

(2309)
(2532)
(1823)
(1904)
(1384)
(1445)

(2379)
(2602)
(1893)
(1974)
(1384)
(1445)

(2449)
(2672)
(1963)
(2044)
(1384)
(1445)

(2511)
(2742)
(2025)
(2106)
(1384)
(1445)

(2577)
(2812)
(2094)
(2172)
(1384)
(1445)

(2633)
(2882)
(2150)
(2228)
(1384)
(1445)

(2689)
(2952)
(2185)
(2263)
(1384)
(1445)

(2755)
(3022)
(2245)
(2323)
(1384)
(1445)

(2821)
(3092)
(2311)
(2389)
(1384)
(1445)

(2883)
(3162)
(2372)
(2447)
(1384)
(1445)

(2949)
(3232)
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)
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2801
ccHg]
CAC]
b
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GeHGTREC;
GARGTEEC)
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S1_1_gi_723752928
5172 gi_723656934
5173 gi_ 723752936
51°4_gi_ 723752933

At_gi_334185149

Hs_gi_546231919
S1_1_gi 723752928
S12 gi 723656934
S173 gi 723752936
5174_gi_ 723752933

At_gi_334185149

Hs_gi 546231919
S1_1_gi 723752928
5172 gi_723656934
5173 gi_723752936
S1_4_gi_723752933

At_gi_334185149

Hs_gi 546231919
511 gi_ 723752928
S12 gi 723656934
S173 gi 723752936
S1_4_gi_723752933

At_gi_334185149

Hs_gi 546231919
S1_1_gi_ 723752928
5172 gi_ 723656934
5173 gi_ 723752936
$1_4_gi_723752933

At_gi_334185149

Hs_gi_546231919
511 gi 723752928
5172 gi_ 723656934
5173 gi_ 723752936
51°4_gi_ 723752933

At_gi_ 334185149
Hs gi 546231919
11 gi 723752928
gi 723656934
"gi 723752936
T4 qi_ 723752933
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3.4.4 Selecting PSY2L homolog for generating gRNAs
3.4.4.1 SI-PSY2L-1 (Solyc12g099320.1.1) has 64% homology with Arabidopsis
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3.4.4.2 SI-PSY2L-2 (Solyc01g???) has 61% homology with Arabidopsis
http://www.ncbi.nlm.nih.gov/gene/?term=XP_004229001.1 (619%b).... | could not find any info about
its code in any Tomato databases... By searching for gRNAs from its mRNA (from NCBI), I always
have hits against the homolog in Chr 1.... However, they are different in size but they are similar in
the sequence... Probably they are variants....

Solanum lycopersicum cultivar Heinz 1706 chromosome 1, SL2.50, whole genome shotgun sequence
NCBI Reference Sequence: NC_015438.2
GenBank FASTA
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Based on the link ftp://ftp.solgenomics.net/genomes/Solanum lycopersicum/id _conversion/ and
ftp://ftp.solgenomics.net/genomes/Solanum lycopersicum/id _conversion/tom2 to solyc annotated
id40.txt : | searched the annotation of PSY2L and found these two locuses:

SGN-U213697 Solyc01g060080.2.1 100.00 70 0 0 1 70 1043 1112 1le-30 130
Serine/threonine-protein phosphatase 4 regulatory subunit 3 IPRO06887, Protein of unknown function DUF625

co:o00ss1s.... http ://www.uniprot.org/uniprot/ K4AWB2

This is from Chromosome one and alignment with the is protein from §61yc12g099320. 1.1

show 58.8% identity: and when aligned against tomato on NCBI taxid 4081, only shows the three

variants Of_.... see the alignment window. .
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il Alignments MiDownioad ~ GenPepl Graphics Distance lree of resulls Mulliple aignment 5
Description Max Tolal Query B ypon accession
score score cover  value
¥ PREDICTED. serinefthreonine-prolein phasphatase 4 requiatory subunit ke [Solaoum hogersicum] 1432 1432 100% 00 100%
B PREDICTED: serinefthreonme-prolein phosphatase 4 requiatory subunit 3 soform X1 [Solanum icopersicum] 1005 1005 100% 00
TED: serinefthreonine-prolein phosphatase 4 requiatory subunit 3 soform X3 [Solanum yeopersicum) 2B 328 29% 2e106
TED: serine/threonine-prolein phosphatase 4 requiatory subunit 3 rsoform X2 [Solanum lyeopersicumi 28 328 29% 9106
-TED. paired amphipathic helix probein Sind-like | 296 296 5% 91 48% XP 0042322551
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3.4.5 Identifying predicted spacers for the selected SI-PSY2L
3.4.5.1 Using CRISPR plant and other websites for prediction of the gene SI-PSY2L-1

Solanum lycopersicum v Solsnum lycopersicum v
Chromosme Gene Locus
From
T St e
Tour query = Solycl 22095320 in Chl2 from 64593363 1o 64836274
Class0.0 gRNA
[SealD ____JminMM_GG|minMM_AG|Spacer seq (5->3) PAM (5->3) _|strand|location| |
ChITONOE: N NA TATAGCGCGGTATACGTGGT AGGCGCATGT - immon =
Rl EEES I Y 4 GAAGTATAGCGCGGTATACG TGGTAGGCGC - imtron =
64843906:c
Cheoimamie Ny 4 GTACGOCCACACGTGCACTA GGGAACAAGC +  imfom o
(R R et 5 GICTATCGCCTGAATGACGA TGGAAAATGG -  emon o
648554610
Total of 4 class0.0 gRNA seeds were found in this region
Class1 0 gRNA
JminMM_GG|minMM AG|Spacer seq (5'>3) PAM (5-3) _|sirand|location] |
Sl 3 ATTTCAGGCGATGATTTTGG AGGTATCAAT + exon o
Chrl 264843634
e 4 4 TGCACAGTTCTCCCGATAAT AGGCAGAGAG - exon o
[l eI 4 CATGACCACCGAGAACCAAA TGGTCCAAAA -  exon =
64843700:c
eyl 3 TTGGACCATTTGGTICTCGE TGGTCATGAT +  exon =
[ e 3 TGACAATGGGAGTGCTGGTT TGGATAATCA -  exon =
48437280
T solETiEs | 3 TCTACTGACAATGGGAGTGC TGGTTIGGAT -  exon =
64843733
Chrl2 88 5 3 AAGGGGAATTCTACTGACAA TGGGAGIGCT -  exon o
64843742:c
[ R 3 AGTCCAACCATGAGGAGAAG GGGAATTCTA -  exom o
64843759:c
(M S g 4 GAGTCCAACCATGAGGAGAA GGGGAATICT -  exon o
64843760
Chri2GIBML- 4 CGAGTCCAACCATGAGGAGA AGGGGAATIC - exon o
64843761
Chr12:64843733- . ATTERFETTATACTOATART | TARAPTARAL & e

SeqlID minMM_GG|minMM_AG|Spacer seq (5'->3") PAM (5'->3) |

Chr12:64855441-64855461:c NA GTCTATCGCCTGAATGACGA TGGAAAATGG - exon

gRNA (Spacer was shown in upper-case):
5'-GTCTATCGCCTGAATGACGAgttttagagctagaaatagcaagttaaaataaggctagtcegttatcaacttgaaaaagtggcaccgagtcggtyctttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRN
5-GTCTATCGCCTGAATGACGA-3'
5-TCGTCATTCAGGCGATAGAC-3'

GC content of Spacer sequence: 0.5
Potential Pol 111 terminator (TTTTT): null
0 from 149 REs recoginze Cas9 cut region (+7 to -13bp):

This candidate spacer was also recommended from other prediction website:

RGEN Tools  #bout Ces-OFFinder Microhomology.Predictor  Cas.Designer  Casgfotabase  Cas-Analyzer  Digenome-Seq
Click an o of frame score to show microhomolnzy predicted parterns. and mismatchi o st off targ o be kept on server for 3 days only
URL of this page: hitpi/pfes rgenome neticas-designerresullthash=aa71 ee! 7S a0d 36a7830a005e 8758
Jonio Titie Submit Date status
e poy?Ltamato_>S1_1_gi 723752028 Géne: [P s
Sotyc126096320.1
&€ contents Mismatches ~ Download fitered result Download whole result
Untitled
e contens Mismatchas(?]
RGEN Target (5'to 39071 Positiont?] Cleavage Position (%3171 Direction?] Out-of-frame Scorel7]
(. wio PAMI] . | N
TAATCCGATGCAGCRTGTAAAG = e 150 o, PR 0
TAGACCTTTACACGETGATC 57 a7 as0 25 o o °
GTCTATCGCCTGARTGACGATSG ss 113 . s00 53 ' o 1
GCCTGAATGACGATGOAARATGG o 124 . 0 520 ' o 0
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Start Desgin Contact Us

SOCRISPR=[P

Home Submit Help News Contact
JoblD: 1BPZEBYOBK

ORG: Solanum lycopersicum (SL2.50), Position: SL2.50ch12:66514411..665143485, Length: 27

66514411 T 66514385
SL2.50ch12

66514410 66514400 66514330
mRNA Solyc 129098320 1.1

start with ‘A" (1 ‘G ™ The curent sgRNAs are G(N)20GG or A(N)20GG depending on if UG or U3 promolers are used for transcribing the RNA molecules.

Score Sequence
| Guide-1 43  GTCTATCGCCTIGAATGACGATGE

Guide-1 score: 49
postion: SL2.50ch12:-66514411
guide seguence: GTCTATCGCCTGAATGALGATER

Restriction en

e cutting site

————————— Sgel : CNNGNNNNNNNEN |

number of offtarget sites: 9
top

Sequence Score  MMs Locus Gene Region
CCATCGTCATTCAGGCGRTRGAE  100.0 OMMa  SL2.50chll156302525:+801507423 Intergenic
CCATCATCATTCRGACGATAGAE 1.3 2MMs  SL2.50chl1156302525:+63487749 Intergenic
ACATTGICAGTTAGGCGATRACAC 0.7 4MMa  SL2.50chll156302525:+385840106 Intergenic
CCATTGTCACTCAGGTGATACAC 0.5 3MMs  51.2.50ch1156302525:+385615193 Intergenic
GTCTRACGACGGRRTGRCGRCAG 0.5 3MMs  SL2.50chll56302525:+340179424 Intergenic
CCATCTTCATTCAGCAGCTACAC 0.0 4MMa  SL2.50chllS56302525:+754539479 Intergenic
CCATCATCATTCACGTGRARAAL 0.0 4MMs  51.2.50ch1156302525:+493134930 Intergenic
CCATCTTCCTTCAGTAGRTACAC 0.0 4dMMs  5L2.50chll56302525:+197855769 Intergenic
GTCTATCGCATARRTTACTATAG 0.0 4MMs  SL2.50chll156302525:+142960764 Intergenic

And the CCTOP website http://crispr.cos.uni-heidelberg.de/cqi-
bin/search.py?sid=e11103b8da273ef64a2808b3c24810b9ccc89ff2 , when mRNA was used

I
[l \ |
I | I | | 1 ]
i nan o miiil i gy [ |
| OO0 000 onmoipng og | 000 Wjuin
(WD [ Oagn oo oo oo p o ol OO0 O 00 OOp pu g 00 gul
| 0 | Il [ 1 1l (| Orw OO0 f OpO0 o
|| 1

10 650 1290 1930 2570

SI_1_gi723752928

Legend for off-target site positon: E = exonic; | = intronic; - = intergenic
TOTT T T TIITCT ProCROTIIRITII S 7 1T T O T T TOTC T O GO TT
‘ ‘ | ‘ function DUF625
T74 out of 220

=Previous Next>
Sequence: GTCTATCGCCTGARTGACGATGE

Oligo pair fwd: ATTG g vulelelslsilerVUlerNslel rev: ARACTCGTCATTCAGGCGATAGAC

Coordinates strand MM] target_seq PAM|distance| gene name gene id
Serine/threonine-protein phosphatase 4 regulatory
SL2.50ch12:66514389- GICTATCG subunit 3 (AHRD V1 **-- PP4R3_DANRE): contains .
56514411 - 9 |icerennreacea  P°% | | B interpro domain(s) IPRO06SST Protein of unknown |0 c122099320.1.1
function DUF625

Chr12:64853090-64853110 4 4 AAGCGTAGAAAGCTCAATGG GGGGTAACTC + exon
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gRNA (Spacer was shown in upper-case):
5-AAGCGTAGAAAGCTCAATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5'-AAGCGTAGAAAGCTCAATGG-3'
5'-CCATTGAGCTTTCTACGCTT-3'

GC content of Spacer sequence: 0.45
Potential Pol 111 terminator (TTTTT): null
0 from 149 REs recoginze Cas9 cut region (+7 to -13bp):

SI_1_gi723752928

Legend for off-target site positon: E = eXonic; | = intronic; - = intergenic

T211 out of 220

<Previous Next>

Sequence: BAGCGTAGAAAGCTCAATGGGGG

Oligo pair fwd: ATTGAAGCGTAGARAGCTCAATGG rev: ARACCCATTGAGCTTTCTACGCTT

Coordinates strand MM| target_seq [PAM |distance gene name gene id
Serine/threonine-protein phosphatase 4 regulatory
SL2.50ch12:66512041- ARGCGETAG subunit 3 (AHRD V1 **-- PP4R3_DANRE): contains )
66512063 * | 0 taancercantee]  (°°% 0 | B Interpro domain(s) IPRODGSST Protein of unknown |0 © 12209932011
function DUF625

Chr12:64849511-64849531:c 3 3 TTTGAGTAAGAGTTTGCAGG TGGTCCAGCA - exon

gRNA (Spacer was shown in upper-case):
5-TTTGAGTAAGAGTTTGCAGGgttitagagctagaaatagcaagttaaaataaggctagtcegttatcaacttgaaaaagtggcaccgagtcggtgctttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5-TTTGAGTAAGAGTTTGCAGG-3'
5'-CCTGCAAACTCTTACTCAAA-3

GC content of Spacer sequence: 0.4

Potential Pol 111 terminator (TTTTT): null

1 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
HpyCH4V cut TGCA

3.4.5.2 Using WustL for prediction of mRNA copy

—

gRNA and Target Gene Description: gRNA and Target Gene Description:

gRNA Sequence 5'-aagcgtagaaagetcaatgg-3° (20 n.t) gRNA Sequence 5'-titgagtaagagtttgcagg-2' (20 n.t.)

Potency Score B1 Potency Score 0]

gRNA Location 525 gRNA Location 1132
Target Strand antisense Target Strand sense
Target Sequence Length 1637 Target Sequence Length 1637

Coding Sequence
1

&L

Coding Sequence
1

61 £t tacteat gtgtgaaate aagtttetat
121 121 e totag b gtotat
181 cctgaat o + gt catgttacto tagattabat 181

241 . 241 tot

0L 201

261 gtatt + + tettagettt 261 gtatt + + tettagebtt

471 ctacatat tatat gt + gttt 221

431 g 281 tagtat att

541 gott tatt 541

o1 tazta bt + + + t tE 801 taata tt o + £ t bt

6L 661

721 e totbt tatttagt taatagatat 721 £ Lottt tatttogt taatagatat
781t ttgaztat 781

sa1 241 gtotttaamg sggotatate tatt t tegatagtee tat &
01 e £ tatet Ju— 201

261 ¢ tagtt tta atbocataat t ttg ttotatotes 961 tgeaatagtt tta attecatzat gt + ttg tegtatetet
1021 1021 ott t gat att

1081 1081 € =g
1141 tEt t cttgbt tatt 1141 gagtttgeag g tEE t cttobt tatt
1201 tateat - 1201 tateat +

1261 1261 + Stottatg b

1321 S gtatg ot tt 1321

1381 & + 1381 & ttoatat

1441 1441

1501 tat £ togtat tot 1501 tat + tagtat ataactet

1561

1621 tbgtgatcte ctabgbt

29

1561

1621 ttgtgatobe ctatgbt



http://crispr.wustl.edu/
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3.4.5.3 Using CCTOP based on mRNA sequence for SI-PSY2L-2
The CCTOP website http://crispr.cos.uni-heidelberg.de/cqi-

bin/search.py?sid=e11103b8da273ef64a2808b3c24810b9ccc89ff2 , when mRNA was used

SI_2_gi723656934

egend for oft-targe site positon ESEHGME | = intronic. *= Intergenic

‘Serine threonme-protein phosphatase 4 regulatory

subunit  (AERD V1 **~ PP4R3 DANRE) |0 060050 11

SARARRRATT

Coordinates

gene id

strand\M]| rarger_seq [PAM|distance gene name
Sering theconine-protesn phosphaase 4 zegulatory
| g e v o | @ =it (AHRD VI 4+ PPIRS_DANRE) contains |¢\ o1
[ S (s) IPRODSES 7 Proteen of waknown
m-mTJ_\l
BN

T73 out of 253
It has 8 off-targets but with 4 mismatches
Sequence: AATTTTTTTCGGAAAGCTGATGG

ISL2 S0chi] 63476367-
l694 76339

L7 out of 2
D

BARCGEICTICATASATTCTGART

target_seq  |PAM]

Coordinates

gene name gene id

ISL2 S0ch01 69476340-
l60176362

e [Tec |

~

Oligo pair fwd: ATTGAATTTTTTTCGGAAAGCTGA rev; AAACTCAGCTTTCCGAAAAAAATT

T74 out of 253

It has 4 off-targets but with 4 mismatches

Sequence: ATTCAGAATCTGTGAAGACCTGG

Oligo pair fwd: ATTGATTCAGAATCTGTGAAGACC rev: AAACGGTCTTCACAGATTCTGAAT

3.4.5.4 Using CCTOP based on mRNA sequences for SI-PSY2L-1 and 2, and identifying possible

dual targets

T218 out of 220 (has 6 off-targets more than 4 mismatch)

Sequence: CGGTCATCAACTCGTTTCCTAGG

Oligo pair fwd: ATTGCGGTCATCAACTCGTTTCCT rev: AAACAGGAAACGAGTTGATGACCG

T218 out 0f 220
=Previous Next>
Sequem:e: CGGTCATCAACTCGTTTCCTAGG

Oligo pair fwd: ATTGCGGTCATCRAACTCGTTTCCT rev: ARACAGGARACGAGTTGATGACCG

=Previous Next>
Sequence: GCTAGITCAGTTGARATACTCCGG

30

Coordinates strand MM target_seq PAM distance| gene name gene id

Serine/threonine-protein phosphatase 4 regulatory

SL2.50ch12:66503298- CGGTCATC subunit 3 (AHRD V1 **-- PP4R3_DANRE); contains

+ — .

66503320 0 ltancrcerrreer)  P9% % | B laterpro domain(s) IPRO0GSST Protein of unknown |0 c122099320.1.1
function DUF625
Serine/threonine-protein phosphatase 4 regulatory

SL2.50ch01:69458389- CGCTCATC subunit 3 (AHRD V1 **-- PPAR3_DANRE): contains !

60458411 * 1 1 tancrcerrreer] [T 0 | B terpro domain(s) IPRO0G8ST Protein of unknown |20 yc018060080.2.1
function DUF625

T219 out of 220



http://crispr.cos.uni-heidelberg.de/cgi-bin/search.py?sid=e11103b8da273ef64a2808b3c24810b9ccc89ff2
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ses02205 T T T 88502220
SL2.50ch12 ) ) .

€6503300 €6503310 €6503320
RN Sobe 1200000 Lt

statwith'A’ [ ‘6 [J The current sgR!

Score
| Guide-1 31

Sequence
CGBTCATCAACTCGITTCCTAGE

Guide-1 score: 31
postion: SL2 50ch12:+66503288

guide ssquence: CGGTCATCAACTCGTTICCTHER

Sequence MMs

CGGTCATCAACTCGTTTCCTAGE

ATCRACTCGTTTCCTEGE 1145
GACACGRGTTGATGRGAG € 2MMs
GARRGGRGTIGTTGATCG 1.2 3MMs
GACGCGAGTIGATGATEG 0.8 44
GACACGAGTIGAGGAGEE 0.7 34
TAAGCGAGTIGATGATEE 0.5 048
GAAACTAGTTGATGTECE 0.4 s
CGCTCCTCAACTCGIGTCCTAAE 0.3 3
CETTCCTCAACTCGTGTCCTARG 0.3 3MMs
CCTRGCARRTEAGTICATGAGAG 0.3 3MMs
GTAATGATTIGATGRACG 0.3 4MMs
GARAGGAGTCGTTGATCG 0.2 3
GAARCGAGTAGAGGAGEE 0.2 3Ms
GGGTCAGCAACTCGTTTCTGAAG 0.2 4MMs
TETTCCTCARCTCGTTTACTRGE 0.2 4MMs
CATTCCTCRACTCGTIGTCCTARG 0.2 4MMs
ACTRGGAARGGAGTTGCTANFEE 0.2 44
ACTRGGRARGGAGTGGCTGATEE 0.2 a4
GACGCGRAGTTGAGGRACG 0.2 4MMs

Sgel : CHNGNNNNNNKNN|

Gene Region

Interge

Version CRISPR-P v1.0, you are the 20730 visitor
released March 27th, 2014. Author: Biolnfo

Copyright © 2012~2015 National Key Laboratory of Crop Genetic Improvement and
Center for Bioinformatics, Huazhong Agricultural University. All rights reserved.

T250 out of 253 (has 12 off-targets with 4 mismatches)

Sequence: TCTCCTGAAATGGCTGTAAATGG

Oligo pair fwd: ATTGTCTCCTGAAATGGCTGTAAA rev: AAACTTTACAGCCATTTCAGGAGA

Legend for off-target site positon: E = exonic; | = intronic;

= intergenic

SI_2_qi723656934

SL2.50ch01:69504151 69504153 | + | 0 |CAGTGCTAIATACCCAGCTTT] |Tec 0 | B |[Unknown Protem (AHRD V1) [Solyc01g060100.2.1 | A

T250 out of 253

<Previous Next>

Sequence: TCTCCTGAAATGGCTGTAAATGG
Oligo pair fwd: ATTGTCTCCTGRRATGECTGTAAR rev: ARACTTTACAGUCATTTCAGGAGR

Coordinates strand MM target_seq PAM|distance gene name gene id

Serine/threonine-protein phosphatase 4 regulatory

SL2.50ch01:69457595- TCTCCTGA subunit 3 (AHRD V1 **-- PP4R3_DANRE):. contains ,

60457617 © | O |(aarcecrarana)  [T6€ 0 | B Iiierpro demain(s) IPRO06SST Protein of unkmown |20y C0 1206008021
function DUF625
Serine/threonine-protein phosphatase 4 regulatory

SL2 50ch12:66502520- TCGCCTGA subunit 3 (AHRD V1 **-- PP4R3_DANRE); contains

66502542 ~ | U |iaarcecrerana]  [T6% 0 | B fiterpro domain(s) IPRO0GSST Protein of unknown | 20ye12g099320.1.1
function DUF625

31
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3.4.5.5 Searching for sgRNA places in tomato genome to be able to design flanking primers for
PCR screening

For PSY2L-1 spacer 1

File Edit View Favorites Tools Help
% EHKonverter ~ EVelg

& £ 2016 CRISPR Warkshop Pr.. 2= sligocalc Oligonucleotide... >€ at3g06670.11 results FL The Arabidopsis Book Ho..  Coursera - Free Online Co.. '; Education Kits (J JoVE Peer Reviewed Scien... [§ BioForum - Biology and Li.. &) BioTechniques Molecular ...
% Find: | | Previous Next |[7] Options ~ |
Login/Register
A

EnsembIPlants . uvMer | BLAST | Bioart | Tools | Downloads | Documentation | Website heip &~ Search Ensembl Plants. Q
Solanum lycopersicum (SL2.50) v EIFSTETYIE]
Web Tools .
- Web Tools BLAST Genomic Sequence

& BLAST
B Ticket BLAST/BLAT type BLASTN
& FL;;»;\:gfmst SOEIUM I 0y tocation ey 111019 ()

- Query Sequence Database location 1266514392 t0 66514410 ()
.- Genomic Sequence i .
. Variant Effect Predietor Genomic location 1266514302 to 66514410 (9
- Assembly Converter Alignment score 1

ID History Converter Evalue 0.0081

£¥ Configure this page Alignment length 19

2N Custom tracks Percentage identity 100.0
Export data
BEet Exons Al exons

(= SEmisEy HSP  Location of selected alignment

JE Bookmark this page Variants Spiice donor [ Splice region 1= 7T}

Ensembl Plants is produced in Markup  loaded
collaboration with Gramene

>chromosome :
66514710 CIT T
66514650 TCT] ATATTICATTAGA
66514590 CTCTAAGAAAGRAGRACCTTCRCGCT
66514530 TEAQGAACTTRAGCAGATTACHTGCTALCAGGTGTAGCETAGCT EENTATTCTGTTCT 66514471
66514470 TGTATTACATYARATCTGTAATATTAACCTITGTRTCATCTGCACTACAGCETGTARAGE 66514411
66514410 TCTATCGCCTRAAT GATCANGG: TGTTACTGTAG 66514351
66514350 ATTATATAC TITGITTRT 66514291
66514230 GICGAGARAT TTGCATCTGAT 66514251
66514230 TGETGATGT GARGATC 66514171
66514170 ATGARACTTTGCTTRTC CGTA 66514111
66514110 TCCICCAGCTRCATAGITT 66514092

TICTIEIAEC 66514651
7] C 66514591
BGTCICAACTCICAACTATGATIEITTACATGC 66514531

Ensembl Plants release 34 - December 2016 ® EMBL-EBI v

2" m @M o

chromosome:SL2.50:12:66514092:66514710:-1

66514710 CTTTRGTTMTGTGHGCCTTTCTGAAGACCAATGTAGATTTTTCTTCTACATTCTTRTARC
66514651

66514650 TCTRTCTCTRTATATTTCATTAGA GG GSselesloeuEeleq | TONINTNINI VNG C
66514591 o

66514590 CTCTAAGAAAGAAGAACCTTCHCGCTGRGTCTCAACTCTCAACTATGAT TE@TTACATGC
66514531

66514530 TGARGAACTTRAGCAGATTACHTGCTAACARGTGTAGCHTAGC T[EIRNENTATTCTGTTCT
66514471

66514470 TGTATTACATYARGTCTGTAATATTAACCTTTGTHTCATCTGCACHACAGCGGTARAGG
66514411 - B - -
66514410 TCTATCGCCTKAATGACGATGGAAAATGGGATGATCAAGGAACGGGTCATGTTACTGTAG
66514351

66514350 ATTATATAGAGGIMUAGTGTTTGTGGAATATTRGATGTTAGCTTATACCATTTTGTTTRT
66514291

66514290 GTCGAGAAATAAMGHGTCACTTGCANTGATTGGGAEEEEMTAACTTTTATTGCATCTGAT
66514231

66514230 TGTGATGTCAATGCAGAGATCAGAAGATCTAGGATTGCTTGTAGCTGATGAAGAAGATC
66514171

66514170 ATGAAACTTTGCTT¥TGCACCGTATCAGTGCAGATGATATYTATCGGAAGCAAGAAGGTA
66514111

66514110 TCCTCCAG CTECATAGTTT
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http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091553
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091552
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091551
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091550
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091547;vf=71091548
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091547;vf=71091548;vf=71091549
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091547;vf=71091548;vf=71091546;vf=71091549
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091547;vf=71091548;vf=71091546
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091547;vf=71091546
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091546
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091544
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>chromosome:SL2.50:12:66511742:66512360:1

66511742 GTAAQTGTTGCTAGTGGGATATATCCCITGGTATTAGTAAAGGTGCGHGAALCGNNEYE
66511801 S
66511802 RealaccacRcTTATNINNYNYNNNICAATGTTTTTRTGGTTGETAACTTAGTATTGAR
66511861

66511862 AAAGCAATCCCCACCCCCRCCCCTTTTTTTTACCCHUSUUSONNAT TACTAAGRCACACC
66511921

66511922 CTCACETGCAACTTAGARATTTGGTAATTATCAAKGCNNINNAAGAYAAATACATTTCAA
66511981

66511982 CTATTTAAGATAATAATGTTGAAAAGGATGACAAANANNNICCTTTAATATCAATGGA
66512041

66512042 AGCGTAGAAAGCTCAAYGGGGGGTAACTCCTTCAAATCACTGYTGACACTATGAAATGTC
66512101

66512102 TCHTCTGAAAATAGIINNNAGAAAAGAAGAAGAGAAACARATRAGTCATGCACATARRACC
66512161

66512162 TTTTTCCAACAGGTCTGAAAAGATTAGTHAAMAAAAATNTCAACAGTTATTTTAAGCAC
66512221 S

66512222 INNYNINEEICCAATGATAGGTGT CCRAGAAGTAGGAGAGAAACTGTGTGGACCTATTTTTG
66512281 B

66512282 TAAAAGGCAACAATTTATTTTTTCCTTGTCATCATTRTTCTAAATRTTACTCTTCTTTTC
66512341

66512342 CAGAARCNEMeAAGANITAC
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12:66503299-66503317 [Sequence] Solye 1200993201 Forward 19 [Sequence] 19 0.0081 100.0 [Alignment]
1:69458392-69453403 [Sequence] Solyc019060080.2 Forward 17 [Sequence] 17 0.13 100.0 [Alignment]
11:5051261-5051275 [Sequence! Reverse 15 [Sequence] 15 20 100.0 [alignment
9:3274869-3274883 [Sequence] Solyc(099009800.2 Reverse 15 [Sequence] 15 20 100.0 [Alignment]
3:29238788-29238801 [Sequence] Forward 14 [Sequence] 14 78 100.0 [Alignment]
3:53640370-53640302 [Saquence] Forward 14 [Sequance] 14 78 100.0 [alignmeng
9:69651753-69651770 [sequence] Solyc09g080110.2 Forward 18 [Sequence] 14 78 94 4 [alignment
8:16524369-16524382 [Sequence] Reverse 14 [Sequence] 14 78 100.0 [Alignmens]
8:23028673-23028686 [Sequence] Reverse 14 [Sequence] 14 7.8 100.0 [Alignment]
1.47511740-47511753 [Sequence] Reverse 14 [Sequence] 14 78 100.0 [aignment
4:943164-943177 [Sequence] Solyc04q007240.1 Reverse 14 [Sequence] 14 78 100.0 [lignment
4:62679005-62679018 [Sequence] Forward 14 [Sequence] 14 78 100.0 [Alignmens]
5:43530030-43530043 [szquenca] Forward 14 [Sequance] 14 78 100.0 [lignment
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BLAST/BLAT type BLASTN

Query location Query_1 11019 (+)
Database location 1266503299 to 66503317 (+)
Genomic location 1266503299 to 66503317 (+)
Alignment score 19

E-value 0.0081
Alignment length 19
Percentage identity 1000

Exons  All exons.

HSP  Location of selected alignment
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>chromosome : SL2.50:12:66502999:66503617:1
66502999 AACRAGCCCCCCAGATCTAAAGAACARRAGTHT
66503059 ATCCARRTTEAAGCAGTAACAHTTACTTACCTCAT
66503119 TTAGGCARRGCCEGCTGAGACTGCRCTICTACTTIGCATTAGTCACGEAT
66503179 TCTICCT! ICACIGMGGAEAEACAIATTCA.@STA@AWC TTACRTGCA 66503238
66503238 TARAGGCATACCTCTCTTCATTGAAATATTCTICTTICT TCTTICICT: CMAC 66503298
66503299 GG’I‘('.ATCAAC'I'CE'I' TAGGETqTCTAATAGAT'I‘ICC TACT'I'C:['ATTCCTGCEC 66503358
66503359 TGTCTAGARACTAC "CCARARCCATTATGAGLE JCATCACTAT] 66503418
£6503419 ERAATAATGAACAAJAGGCCCAATGAANNITACCTGCTCATATITAATTTTCAATGATIG 66503478
66503479 RATHGATGTCAACTTTICAAACTTGHCCAAR! TGAGTCRACTAAATACTT 66503538
66503539 GAGCAATATTTTCARGITATCCTGCATTATATCARETCAGATCCT [EACAGAAG 66503598
66503599 ECATGCCACATTAACTTTT 66503617

T2AHGA 66503058
TCCA 66503118

GECAGAA 66503178
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>chromosome:SL2.50:12:66502999:66503617:1

66502999
66503058
66503059
66503118
66503119
66503178
66503179
66503238
66503239
66503298
66503299
66503358
66503359
66503418
66503419
66503478
66503479
66503538
66503539
66503598

AACRAGCCCCCCAGATCTAAAGAACARAGTHTCAAAATATGTTCCCTCRGTTTTAANGA
ATCCARRTTMAAGCAGTAACARTTACTTACCTCATGGRTGAGACACTTGGARCAGATCCA
TTAGGCAARGCCGGCTGAGACTGCRCTCTACTTGCATTAGTCACGGATGCTGAGGCAGAA
TCTTCCTCRTCACTGAAGGAMACACATATTCAGGTACINATAAACATTTTACATGCA
AAMAAGTARAGGCATACCTCTCTTCATTGAAATATTCTTCTTCTTCTTTCTCTAAACMAC
GGTCATCAACTCGYTTYCTAGGGTCRTCTAATAGATTRCCRATACTTCTHWATTCCTGCRC
TGTCTAGARACTACAANNERCCCAAAACCATTATGAGCCAARCATCACTAT/NNINTINER
EAATAATGAACAANAGGCCCAATGAAINATACCTGCTCATATTTAATTTTCAATGATTG
RATHGATGTCAACTTTTCAAACTTGMCCAAKTCATCCCAGAATGAGTCDACTARATACTT

GAGCAATATTTTCAAGTTATCCTGCATTATATCANETCAGATCCTAAGAAAMIAGAGAAG

66503599 CATGCCACATTAACTTTT
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>chromosome:SL2.50:1:68458092:63458708:1
69452092 BRCECCCCSRGATCTT T =) TTTARCAALTA 69458151
69453152 CACATICT TCAf AEC TCCATTEGGC 69458211
69453212 ACHGCCAGTRGAGACTTCAC nGAGCTGANGTAGARTCTTCC 69458271
69453272 TCATCACTEACAGATTGRIT jAAAT] TIEEECAARRGAL 69458351
69453332 TAGGTANNIEEATACCICT T TCTICTTCTICTTICICTARACTACGC 69458391
69453392 TCATCAACTCGTTTCCTTGGGTCTARTARATTACEAACACTTETARYCCCTGAATCCTCC 69453451
69453452 AGGGACTGCAATALC] GCAGTCATAJTAAGCTCARGTATCEAR CATGA 69453511
69453512 CARTAACRGEBATAACTAT TGCTSATATTIMACTTTCAGAGAGTTGATGGA 69455571
69453572 TGAGAACTTTTYRAACTTGACCARCTCATCCCA! TCAACTAARTACTTGAGCAG 69458651
69453632 TATTTTRRRGTTGICCTGCATAGTGTCRCA: T TA 69458691
€9453692 TAMAGGAGGHIAGAGAS 69453708
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chromosome:SL2.50:1:69458092:69458708:1

69458092 RRCHWCCCCSRGATCTTCAAACATATGAGAAGTCATCACHTGTCAETTAATTTARCAAATA
69458151

69458152 CACATTCTAAAAATCANAAAATACCTATCAKATGTGTAKCTCRKAGCAGATCCATTYGGC
69458211 -

69458212 ACHGCCAGTWGAGACTTCACTMTGCYTGCATTYGCTCCAGAKGCTGANGTAGAATCTTCC
69458271

69458272 TCATCACTEACAGATTGUTTGTTCAGHGRTTATCEAAATAAAAACAATTIGIIACAARANAA
69458331

69458332 TAGGTAANIEEATACCTCTCTTYGTTGAAATAATCTTCTTCTTCTTTCTCTAAACTACGC
69458391

69458392 TCATCAACTCGTTTCCTTGGGTCTAATAAATTACYAACACTTYTAAYCCCTGAATCCTCC
69458451

69458452 AGGGACTGCAATAACACAAAGCAGTCATANTAAGCTCAAGTATCIAACAAGAACACATGA
69458511

69458512 CARTAACAGEEATAACTATGAAGARACCTGCTSATATTTMACTTTCAGAGAGTTGATGGA
69458571
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69458631

69458632 TATTTTZAAGTTGTCCTGCATAGTGTCECATCAAEACCAAGATGCATGAACAAECAAATA

69458691

69458692 TAAAGGAGG@AGAGAG
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69457916 ACRSTRTTTRTGCTGCTTTATGCTCTACCTT.
69457856 CAGAAAGT!( TARTGGHAGTGCT
69457796 AGAGATCTGTRGRGECTRACCATGRT T TTTCI2]

69457736 ATTTTGARRATCATGCEARCAHACE, TAARRRARRTTCTGARRESNIGC 69457677
69457676 ACAARTCTCYAGATHGT G T TCAT 69457617
69457616 CTCCTGAAABGGCTGTAAATGGATCRTAATARTICA?GATTRRT GAATACCATTTTGGTE 69457557
69457556 EEEGTTATGARCAACTATHTTTGAGCATGCGCTTGT TAAGCTAATTTCT T 69457497
69457496 TCCAGAGCAA TGETTHGTTGETEATGTTGECATT TTATGAATATTGETGEAGAAG 63457437
69457436 AGTATGTA¥AGTGCRRTTAC TGEECAGAGATREBTGECTTCCCCATTECT! 63457377
69457376 EESTTCEIETATTCITTART TTECTTAGTTATGTGAACCATHTG 69457317
69457316 TAGTAGGECATRAATTITT 63457298

\STCAAGCTETGTTGCCCTCCARAACTA 69457857
ARCCCTCAATCTGATGEARACA 69457797
TAATGETAATGCTG 69457737

Ensembl Plants release 34 - December 2016 ® EMBLEEI v
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>chromosome:SL2.50:1:69457298:69457916:-1

69457916 ACRSTRTTTWTGCTGCTTTATGCTCTACCTTAASTCAAGCTGTGTTGCCCTCCAWAACTA
69457857
69457856
69457797
69457796
69457737
69457736
69457677
69457676
69457617
69457616
69457557
69457556
69457497
69457496
69457437
69457436
69457377

69457376 BTY¥TTCTTCTATTCTTTASTIMIACTTTTTCCCATTTTYCTTAGTTATGTGAACCATIHTG

69457317
69457316TAGTAGGGCATIAAIIIH

CAGAAAGTC[IIE[iiKETAATGGRAGT GCTGCACCAGGTARCCCTCAATCTGATGAAAACA
AGAGATCTGTKGWGGCTRACCATGNTGAGGAAGGGAGIMIIINGIIIATAATGGTAATGCTG
ATTTTGAAWATCATGCYAWCAWACAAGCAACWTCACCTAAAAAAAWT TCTGAAREGINIGC
ACAAATCTCYAGATRGTAGGGADCACGAAGAAGACTGTCCRYTGATACAACCARAGTCAT
CTCCTGAAABGGCTGTAAATGGATCRTAATATTTCAAGATTYKTGAATACCATTTTGGTE
CCTGTTATGAYCAACTATMTTTGAGCATGCGCTTGTGCAKATAAGCTAATTTGTACARAKT
TCCAGAGCAAGAWYTTGGTTWGTTGGTGATGTTGGGATTTTATGAATATTGGTGGAGAAG

AGTATGTAYAGTGCYRTTACAAGYATGGGGAGAGATWAGTGGCTTCCCCATTGCTAGARA
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Left primer Spacer 2

SI-PSY2L-2-1-Spacer 2

619 bp

Right primer
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>chromosome:5L2.50:12: 665022231 66502839: -1
66502839 GGTTCAAAGTCT TTGCTGCTTTATGCTCAACCTTARGTCARGCAGTT 66502780
TGETCCATGCTCAGA:

66502779 TTACCEGCT TACART 66502720
§6502719 ARAHCTGICEAGTCCAACCANK B TTCTACTGACAATGGGRRTGCTGRT 66502660
66502659 TTGEATAATCATGACCACC 36T MAGTTHTTCTGARAGCATGCAC 66502600
665025399 AGTTCHCCCGATAATAGGL! TATCCATTGATACCTCCS \TCATCR 66502540
66502539 TG T 66502480

TGACRACTCTTTTGAGATCGTCATRCTARTTT
AGCATGTGCTTECTT

66502479 CCTACCATGATBTACC]
66502419 CAACTTCAACATGA! GGCAATTCGATTGTTGAATTIHGREACTATTG 66502360
66502359 GTGEAGGEEAGTCTGTACAGTETTETIGCAAGCCTACKEAGAGATTAGCCATEGKGTYGE 66502300
66502299 GTTCTCTTERGTTTAGCATTTCCARTTGCTCCTGTARRACATTHCRTAGCTATAGAATTT 66502240
66502239 TETTACAACTATTCTTT 66502223

TCAGCECTATGIA 66502420

Ensembl Plants release 34 - December 2016 ® EMBLEEI v

>chromosome:SL2.50:12:66502223:66502839:-1

66502839 GGTTCAAAGTCTCGAGACAGTGTHTTTGCTGCTTTATGCTCAACCTTAAGTCAAGCAGTT
66502780

66502779 TTACCEGCTAAAAAGATGGGEAGTACARTACAAGATGGTCCATGCTCAGATGGAGAEGAG
66502720

66502719 AAAWCTGTCGAGTCCAACCAYGAGGAKAAGGGKAATTCTACTGACAATGGGRRTGCTGRT
66502660

66502659 TTGGATAATCATGACCACCGAGAACCAAATGGTCCAAAMAGTTWTTCTGAAAGCATGCAC
66502600

66502599 AGTTCYCCCGATAATAGGCAGAGAGGAGAGGACTATCCATTGATACCTCCAAARATCATCR
66502540

66502539 CCTGAAATGGCTGTRAATGGATCATGACRACTCTTTTGAGATCGTCATRCTARTTTGAMT
66502480

66502479 CCTACCATGATBTACCAGATATTGCTTGAGCATGTGCTTGCTTCAAATCAGCECTATGTA
66502420
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66502419 CAACTTCAACATGAGTGATGTTCTAWYAGGCAATTCGATTGTTGAATTTMGIWDACTATTG
66502360
66502359 GTGGAGGGGAGTCTGTACAGTGTTGTTGCAAGCCTGCKGAGAGATTAGCCATYGKGTYGA

66502300
66502299 GTTCTCTTYYGTTTAGCATTTCCAATTGCTCCTGTAAAACATTMCRTAGCTATAGAATTT

66502240
66502239 TI'I'I'ACAACTA'I'I'C'I'I'T

3.4.6 Amplifying of one or two gRNA expression cassette including one or two SI-PSY2L
spacers from the vector pCBC-DT1DT2

The method of cloning of gRNA into binary vector depends on two different strategies that were
described (Xing et al. 2014) as in the snapshot bellow:

A
B 2x35Sp rbeS-E9t LB

zCas9

T1-SIPSY2L-gRNAL I T2-SIPSY2L-gRNA1
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carrying one or more gRNAs for targeted mutations of
multiple plant genes. This toolkit, which facilitates transi-
ent or stable expression of CRISPR/Cas9 in a varety of
plant systems, can be applied to a variety of plants and is
especdially useful for high-efficiency generation of mutants
bearing multiple gene mutations.

Methods

Vector construction

Detailed descriptions of the vector construction are pro-
vided in Additional file 2: Methods S1. All primers used
in this report are listed in Additional file 1: Table 51.

Golden gate method to construct a vector expressing one
or two gRNAs
For assembly of one gRNA, equal volumes of 100 pmaol/L

oligos 1 and 2 were mixed, incubated at 65°C for 5 minutes,
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and cooled slowly to room temperature, resulting in a
double-stranded insert with 4-nt 5 overhangs at both ends.
For assembly of two gRNAs the two target sites were in-
corporated into PCR forward and reverse primers, respect-
ively. The PCR fragment was amplified from pCBC-DT1T2
for dicot targets or pCBC-MT1T2 for monocot targets with
two long primers or four shorter primers, among which
two forward or two reverse primers were partially overlap-
ping. The insert or the purified PCR fragment (T1T2-PCR),
together with any of the binary vectors described in this
report, were used to set up restriction-ligation reactions, as
described elsewhere [44], using Bsal and T4 Liga & (New
England Biolabs). The reaction was incubated in a thermo-
cycler for 5 hours at 37°C, 5 min at 50°C and 10 min at
80°C. Detailed information including gRNA module se-
quences, PCR primers, colony PCR primers, and sequen-
cing primers can be found in Additional file 3: Methods 52.

We are planning to incorborate two gRNAs in one step, also to two clone each of the selected gRNAs
alone. we will use two different ways of cloning:

1- Cloning of each of spacers solely by direct cloning into the binary vector pHSE401 (described in
red in the above text). This will need the addition of- 4 nt overhangs in the primers. This step
means two direct cloning of pHSE401-gRNA1 and pHSE401-gRNA1 vectors

2- Incorporating two gRNAs in one expression cassette simultaneously by PCR amplification by 4
different primer (includes the two different spacers) using the vector pCBC-DT1DT2 as a
template...(Highlighted in blue). This is followed by subcloning into the binary vector pHSE401
through - digestion and ligation.
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3.4.6.1 Golden Gate cloning method for the e

assembly of one or two gRNAs

Simplified protocol 113,697) BSIWI _
1.

4,

5.

G.

(s3) Pmel AITI (503)
g BStEIT (1135)

Swveal (3026)
— Xbal {3098)

Manually search for 23-bp target sites (5'-N;NGG-3') within exons ¢
sequences of genes of interest, and then evaluate target specificitiens oo wrer - sgrar — | saror coos)
potential off-target finder (http./ /'www.rgenome.net/cas-offinder/). \
target sites on the website of genome-wide prediction of plant CRIS ‘
[hittp:/ fwww.genome.arizona.edu/crispr/CRISPRsearch.htmil).

Design primers:

(12,601) BStZ171 —— PHSE401

16,654 bp

~ AbsI (5085}
T AhdI (5238)

" SanDI (5594)

a) Find names of inserts/oligos (for one gRNA | or PCR fragments, N\
according to plant species (monocots or dicots) and gRNA numr (10452) Sactl’

N\
Miul (5176}

b} Find the sequences of the oligos/primers according to the nam
c) Replace 19-nt N in the forward primers with your 19-nt target (sa7) Rsr11

(9443) AsiSI \ | Eco53kI (7375)

Sacl (7377)

PAM [NGG), and 19-nt N in the reverse primers with reverse cc
your 19-nt target sequences in front of PAM [NGG).

Carry out PCR reactions according to information provided under the sequences of the PCR

ECORI (8014

fragments. As an example, the reaction mixture and reaction conditions are as fallows for
construction of pHSE401-2gR-CHLI:

Component Volume Cycling conditions
10 KOD plus Buffer Sul
MgS04 [25mM) 3l
dNTPs [2mM, Teyobo) 4 pl
KOD plus (Toyobo) 1yl .
1. O 194 °C, 2 min.
pCBC-DTIT2 (diluted to 200 times) 1 pl e Epee min
2. 30cycles: 94 °C, 15 sec;
DT1-BsF {20 uM) 1ql . . )
60 °C, 30 sec; BB °C, 1 min.
OT1-E0 (1 M) 1pl . )
3. One eycle: 68 °C, 5 min
DT2-RO (1 pM) 1yl
DT2-B5R {20 pM) 1pl
ddH,0 32 ul
Total velume S0 pl

Set up Golden Gate reactions as follows:
Component Volume Reaction conditions
Purified PCR framents (~100 ngful) 2 pl
pHSE40] or others (~100 ng/pul) 2l
10% T4 DNA Ligase Buffer (NEB) 1.5l

5 hours at 37°C
5 min at 50°C
10 min at 80°C

10x BSA 1.5l
Beal (NEB) 1ul , )
. NOTE: It is essential to use a
T4 DMA Ligase (HC, NEB) 1wl
High Concentration (HC) Ligase
ddH,;0 6l
{2 millien units/ml, NEB)
Tatal velume 15 pul

Transform E.coli competent cells with 5 pl of reaction mixture, and select positive clones on
kanamyein LB agar plates.
Identify correct clones by colony PCR and verify them by sequencing.
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3.4.6.2 Sequence of one gRNA expression cassette for dicots
23-bp insert + pHSN401 et al.

< . .
« S Insert compatible with U6-26p
b,qqu ’b’(ﬂ’g)@v ﬂ,b 19-bp Target
N «

Red arrows: AR
Primer sites BRI N NNN NNNNNNNNNNNNNN

\\jo FRRY- Y RECNNNNNNNNNNNNNNNNNNNEER Oligo-01-F
| AAA-5' Oligo-R

TTATCAGCTTACATTTIC AATA ' AACT TTCGGA A

MQAM@IQQQ&QQ&UAQAAIGAHA@QMMIQA&G&NH&AH@AM

\TTCTTAAGATATGAAGATAATI AAAGAAGAGAA \TTTATA

1. Underlined letters come from binary vectors, while the others come from PCR fragments.
2.  Red letters indicate primer sites.
3.  Primer sequences are as follows
Colony PCR primers (5'23'):
U6-26p-F: TGTCCCAGGATTAGAATGATTAGGC  U6-26t-R: CCCCAGAAATTGAACGCCGAAGAAC
(U6-26p-F + U6-26t-R = 423 bp)
Sequencing primers (5'=23'): U6-26p-F: TGTCCCAGGATTAGAATGATTAGGC

3.4.6.3 Sequence of DT1T2-PCR with Targets 1 and 2 for dicots

x q?'Q %f«%
& §~ N N &fo

T &

ATATATGGTCTCGATTGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG
GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTTGCAAAATTTTCCAGATCGATTT
CTTCTTCCTCTGTTCTTCGGCGTTCAATTTCTGGGGTTTTCTCTTCGTTTTCTGTAACTGAAACCTAAAATTTG
ACCTAAAAAAAATCTCAAATAATATGATTCAGTGGTTTTGTACTTTTCAGTTAGTTGAGTTTTGCAGTTCCGAT
GAGATAAACCAATATTAATCCAAACTACTGCAGCCTGACAGACAAATGAGGATGCAAACAATTTTAAAGTTT
ATCTAACGCTAGCTGTTTTGTTTCTTCTCTCTGGTGCACCAACGACGGCGTTTTCTCAATCATAAAGAGGCT
TGTTTTACTTAAGGCCAATAATGTTGATGGATCGAAAGAAGAGGGCTTTTAATAAACGAGCCCGTTTAAG
CTGTAAACGATGTCAAAAACATCCCACATCGTTCAGTTGAAAATAGAAGCTCTGTTTATATATTGGTAGAG
TCGACTAAGAGATTGNNNNNNNNNNNNNNNNNNNGTTTAGAGACCAATAAT

Primers:

DT1-BsF: ATATATGGTCTCGATTGNNNNNNNNNNNNNNNNNNNGTT

DT1-FO: TGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGC

DT2-RO: AACNNNNNNNNNNNNNNNNNNNCAATCTCTTAGTCGACTCTAC

DT2-BsR: ATTATTGGTCTCGAAACNNNNNNNNNNNNNNNNNNNCAA

Template: pCBC-DT1T2

Length: 626-bp

Notes:
4. The 19-nt N in primers represent any 19-nt target sequence (forward primers) or reverse

complement sequence of any 19-nt target sequence (reverse primers) in front of PAM (NGG).

5. For the assembly of two gRNA expression cassettes, use DT1-BsF/DT1-FO/DT2-R0/DT2-BsR
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four-primer mixture with DT1-FO/DT2-RO diluted to 20 times of DT1-BsF or DT2-BsR, resulting in
DT1T2-PCR.

3.4.6.4 template from the article for designing primers of dual targeting by golden gate

This is an example, colored by me to confirm the understanding of cloning.. The new gRNAs (19
bp) will be added in their places. gRNAL will be only forward added, while the gRNA2 will be
reverse added.

DT1A-BsF/TC [EMMBNGGTCTClA TTGAATATCTCTCTATCTCCTCGTT
DT1A-FO/TC TGAATATCTCTCTATCTCCTCGTTTTAGAGCTAGAAATAGC
DT2-RO/ETC2 AACATTCGATGCTACTCACTTCCAATCTCTTAGTCGACTCTAC
DT2-BsR/ETC2 ATTATTGGTCTCHAAACATTCGATGCTACTCACTT

3.4.6.5 Primers for generating 2 gRNAs against SI-PSY2L 1

From section 3.4.5.1  gRNA1 (19-PAM): TCTATCGCCTGAATGACGA to be used in Forward primers
gRNA2: AGCGTAGAAAGCTCAATGG
gRNA2 reverse: CCATTGAGCTTTCTACGCT to be used in reverse primers

T1-BsF/PSY-1 BRI G G T Tl A TTGTCTATCGCCTGAATGACGAGTT
T1-FO/PSY-1 TGTCTATCGCCTGAATGACGAGTTTTAGAGCTAGAAATAGC
T2-RO/PSY-1 AACCCATTGAGCTTTCTACGCTEAATCTCTTAGTCGACTCTAC
T2-BsR/PSY-1 ATTATTGGTCTCAAACCCATTGAGCTTTCTACGCTE

3.4.6.6 Primers for generating 2 gRNAs dual targeting both SI-PSY2L 1 and 2
From section - gRNAL: GGTCATCAACTCGTTTCCT to be used in Forward primers
gRNA2: CTCCTGAAATGGCTGTAAA
gRNA2 reverse: TTTACAGCCATTTCAGGAG  to be used in reverse primers

T1-BsF/Psy-1/2  [MEEMMGGTCTClA TTGoGTCATCAACTCGTTTCCTGTT
T1-FO/PSY-1/2  TGGGTCATCAACTCGTTTCCTGTTTTAGAGCTAGAAATAGC
T2-RO/PSY-2/1  AACTTTACAGCCATTTCAGGAGEAATCTCTTAGTCGACTCTAC
T2-BsR/PSY-2/1  ATTATTGGTCTCIAAACTTTACAGCCATTTCAGGAGE

After finishing design... copy gRNA spacer and check for off-targets on RGEN TOOLs.....
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=" limitatien —TFAM
5' NNNNNNNNNNNNNNNNNNNNNGG 5
3" limitationl!

target site length @ - 20 v max

target site 5' limitation @ [NN
{in vifre} transcription depends on a leading "G’ (UG promoter) or E [
'GG' (T7 promoter). However, it was shown that the leading guanin
(s) can slso be added or substituted at the 5 end of any sgRMNA
target site, hence "MMN' is sat as default

Hwang et al., PLo5 One, (2013)
Anszai & Kinoshita, Biol. Open (2014)

fivd overhang: TAGG spec
rev overhang: AAAC Mec

Cas9
Protospacer
D wunnn v
S'H”f L = = — — - 'f‘:ﬁ‘?a Target DNA
3-NNN nc.c"§i =
e
100-,

103,
Modified from Xie and Yang (Mol Plant, 2013) 9RNA scaffold

Fig. 1
Components of the CRISPR-Cas9 system. Streptococcus pyogenes Cas9 (SpCas9) forms a complex with a chimeric
single guide RNA (sgRNA) comprising a spacer that hybridizes with the genomic target site, and a scaffold RNA

termed fracrRNA required for complex formation. The protospacer adjacent motif (P4M) is required for sequence

https://genomebiology.biomedcentral.com/articles/10.1186/s13059-015-0823-x
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3.5 Editing Purple acid phosphatase 7 and its near homolog using
CRISPR in Arabidopsis

3.5.1 PAP7 and PAP?? Homology and peroxisomal identification

3.5.2 Predicting PAPs spacers

AT2G01880
[y S——
— -
- — |9 o=
5oy 2 ) . o o ’
-
o
394000 399800 393600 393400 293200 353,000 392800 352600 92400 92200 292000 391800 391600
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0 1 2 I 3
1 7 0 o |0 |0 |o [
0 ] O v [ o
3 ] o [0 | o a
0 0 ] 0 5 [0 | ®
5 B 0 o o |0 | o B
0 o 0
7 5 | o
0 E o v | o 1
0 0 0 v | o 3
0 3 o | o o o
W ]
0 0 v | o E
GOAGATAATTTCTACOACOAGED a o o | o om0
W GOAGATTT CAARDOTOO vz awent T - G 0 o [ o [ o | 1 o5
GTaTAG AN vz e ¥
e —E—
' ' ' ' "o [ o ] ' [ [ ' ' [
L i i '
' i
383200 393150 283100 293050 393000 392860 392'500

Gene specific part of sgRNA

GAGAAAGAGGCTTCAAAGGAAGG exon 2

There are no predicted off-targets for this guide
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Left | Left Right | Right
. Left primer q a primer Right primer . . ; primer |Pair off-|Product
e coordinates it s pr_:_nr:‘er off- coordinates IR (TS pr_:_r:‘11er off- targets | size
targets targets
1| Chris93176- | s A ACTGAAAAATTGGCAGATGG | 603 | o | CM2:898022 | cergaaTACCATTGTTTTTGGAG | 59.8 0 o | 176
393198 393045
2 | CNr2398176- | )\ ACTGAAAAATTGGCAGATGG | 603 | 0 Chr2:393022- | - CTGAATACCATTGTTTTTGGA | 58.9 0 o | 176
393198 393044
3| Cr2:393223- | 106 ACATGAACAAACCAGTGTT | 605 | 0 Chr2:393022- | - TGAATACCATTGTTTTTGGA | 58.9 0 o | 223
393245 393044
4 | CNr2:898156- | (G AGTTGTGGGAGAGAAATTA | 595 | 0 Chr2:392888- | -\ AAACAATTGCAAACTACACA | 60.0 0 o | 200
393178 392911
Chr2:393066-393086 4 3 GAGAAAGAGGCTTCAAAGGA AGGATCATTG + exon

gRNA (Spacer was shown in upper-case):
5-GAGAAAGAGGCTTCAAAGGAgLttttagagctagaaatagcaagttaaaataaggctagtcegttatcaacttgaaaaagtggcaccgagtcggtgcetttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5-GAGAAAGAGGCTTCAAAGGA-3'
5'-TCCTTTGAAGCCTCTTTCTC-3'

GC content of Spacer sequence: 0.45
Potential Pol 111 terminator (TTTTT): null

4 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
Mbol:Sau3Al:Dpnll:BfuCl cut GATC

Dpnl cut GATC

Alwl cut GGATC

Nt.Alwl cut GGATC

T24 out of 30

<Previous Next>

Sequence: GAGARAGAGGCTTCARAGGAAGG

Oligo pair with 3' extension fwd: TAQGAGARAGAGGCTTCARAGGEA rev: AAACTCCTTTGARGCCTCTTTCT
Oligo pair with 5' substitution fwd: TAGGGARAGAGGCTTCRRAAGCA rev: ARACTCCTTTGARGCCTCTTTC

Coordinates strand | MM target_seq PAM | distance gene name gene id
chr2:393067-393089 + 0 |GRAGRARRGA[GGCTTCARRGGA] el 1] E |PAPT AT2G01880
chr5:14671308-14671330 + 4 |GTGCRARAR[GGCTTCAGRGGA] el 1] E ATSG37110
chr2:1809098-1809120 - 4 |GTGCARAR[GGCTTCAGRAGGA] zcec |0 E AT2G05080
chrd:41352646-4152668 - 4 |GTGCRARAR[GGCTTCAGRGGA] REG 1] E AT4G07338
chrl:14066911-14066933 - 4 |AGGRRRGA[GGCTAGRRRGGA] TG 1] E ATIG37037
T25 out of 30

Spacer 2
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AT2G01880

= = ——

T TATECT EAGOTAGATTT T ANBIARASAAKCARAEAAAAT T ARACT ATEATAACT ARATEARASTTTTAGTTATGAATATTTTTATT BTHOT TATA

392600 392/560 392'560 392540 392520 392500 392,480 392/460 392440 392420 392400 392380 3921360 392340

Gene specific part of sgRNA

TGTTGTGGTTATAGGAATGGTGG exon 4

There are no predicted off-targets for this guide

Left | Left Right | Right
5 Left primer . N primer Right primer . . . primer [Pair off-| Product
[P coordinates it e pr_:_r;er off- coordinates Righietiney pr{_rrr:]er off- |targets| size
targets targets
2 | Cr2892527- | A1 GTTTTGTCGCAGATCTTTT | 60.0 | 0 | CNM2892342- | o pATCATAAGTGTGATCTTCTGG | 59.9 0 o | 207
392549 392366
3| CN2:892527- | )t GG TTTTGTCGCAGATCTTTT | 60.0 | o | CN2892826- | 11garaAAGACATTTCTCCAATCA | 5856 0 o | 223
392549 392349
4 | CNr:392582- | ) AGAGGAAATGTTGAAGCACA | 59.8 | o | CNM2392342- | o0 paATCATAAGTGTGATCTTCTGG | 59.9 0 o | 262
392604 392366
Chr2:392581- Chr2:392342-
5 | CNES92581 | CAGAGGAAATGTTGAAGCACAA | 603 | 0 2992342 | CCAATCATAAGTGTGATCTTCTGG
Chr2:392418-392438:¢c 3 3 TGTTGTGGTTATAGGAATGG TGGATTTTTT - exon

gRNA (Spacer was shown in upper-case):
5-TGTTGTGGTTATAGGAATGGgttttagagctagaaatagcaagttaaaataaggctagtcegttatcaacttgaaaaagtggcaccgagtcggtgcetttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5-TGTTGTGGTTATAGGAATGG-3'
5-CCATTCCTATAACCACAACA-3'

GC content of Spacer sequence: 0.4

Potential Pol 111 terminator (TTTTT): null

0 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
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3.5.3 Cloning of PAP7 spacers (one, and two) into the binary vector/s pHEE401 and
pHSE401

From section 3.4.5.1  gRNA1 (19-PAM): AGAAAGAGGCTTCAAAGGA to be used in Forward primers
gRNA2: GTTGTGGTTATAGGAATGG
gRNA2 reverse: CCATTCCTATAACCACAAC to be used in reverse primers

T1-BsF/PAP7 B G 7Tl TTGAGAAAGAGGCTTCAAAGGAGTT
T1-FO/PAP7 TGAGAAAGAGGCTTCAAAGGAGTTTTAGAGCTAGAAATAGC
T2-R0/PAP7 AACCCATTCCTATAACCACAACEAATCTCTTAGTCGACTCTAC
T2-BsR/PAP7 ATTATTGGTCTCAAACCCATTCCTATAACCACAACE
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3.6 Editing Protein phosphatase 2C (PPL2 and PLL3) using CRISPR
CRISPR in Arabidopsis

3.6.1 PLL3 and PLL3?? Homology and peroxisomal identification

3.6.2 Predicting PLLs spacers

PLL3:

AT3G09400.1, isoform 1

Soratio zoam. Ormg 15 mae e and right

- = - . ]
- Y e —
g el R nll®
. — - I
2 2 .
=S
L
-
2893400 2803200 2893000 2892800 2802600 2892400 2802200 2892000 2801800 2601600 2891400
Download results: ! v
Off-targets
Ranking ‘Genomic location Exon Strand GC (%) Self-
0 1 2 3
Curs 2803281 T . @ o | o] oo on
: = 0 | e o on
3 = T | o o )
: ; = " [ o G 0%
5 T B T [ o O [
B T @ 0 [ o 0 )
7 T Cl o | o o 06
s [ B 0 | o 0 064
g T & T | e B 01
o 3 = o o o8
" 3 o o [

Gene specific part of SgRNA

GTCGGAGGGGCGGTTCCGGCGGG

There are no predicted off-targets for this guide
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Left p';if;te Right ;‘i‘ﬁ:; Pair
Pail Left primer . prim | Right primer . . prim | off- [Produ
r | coordinates Lt it er i s coordinates R et sl er i G target|ct size
target| target|
Tm Tm S
S 5
1 Chr3:28934 | CGATACGTAACCGGAGTA | 59. 0 Chr3:28932 [ TTGAAGTATTGGCGCTAA | 59. 0 o | 187
45-2893467 GGAC 9 80-2893302 CAGA 9
2 Chr3:28934 | ACTCTTTCTGCTACGTTC | 60. 0 Chr3:28932 [ AGCGAATCTATTGGAACT | 59. 0 o | 218
02-2893424 GTCC 0 06-2893228 CTCG 9
3 Chr3:28934 | GGTCGATACGTAACCGGA | 59. 0 Chr3:28932 | TTGAAGTATTGGCGCTAA | 59. 0 0 190
48-2893470 GTAG 9 80-2893302 CAGA 9
4 Chr3:28934 | GTCGATACGTAACCGGAG | 59. 0 Chr3:28932 | TTGAAGTATTGGCGCTAA | 59. 0 0 189
47-2893469 TAGG 9 80-2893302 CAGA 9
5 Chr3:28934 | CGATACGTAACCGGAGTA | 59. 0 Chr3:28932 [ AGCGAATCTATTGGAACT | 59. 0 o | 261
45-2893467 GGAC 9 06-2893228 CTCG 9
Class0.0 gRNA
Chr3:2893351-2893371 NA NA GTCGGAGGGGCGGTTCCGGC GGGAAAGAAG + exon

gRNA (Spacer was shown in upper-case):
5'-GTCGGAGGGGCGGTTCCGGC ttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-
3

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5-GTCGGAGGGGCGGTTCCGGC-3'
5'-GCCGGAACCGCCCCTCCGAC-3'

GC content of Spacer sequence: 0.8

Potential Pol 111 terminator (TTTTT): null

1 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
Mspl:Hpall cut CCGG

Gene specific part of SgRNA

AGTCTATGGTGGTGTAGCGACGG

There are no predicted off-targets for this guide
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Left p';ﬁ;te Right ;‘iﬂt‘é Pair
Pail Left primer . prim | Right primer . . prim | off- |Produ
r | coordinates L0 s er I il coordinates RUETE PO er 7l target|ct size
target target
Tm Tm S
S S
1 Chr3:28916 | AGGCGCTTCTAGAGATGT | 60. 0 Chr3:28914 | ATCTTAAGTGCGTTTGCG | 60. 0 o | 288
67-2891689 TCAG 2 01-2891423 TTTT 2
2 Chr3:28916 | AGGCGCTTCTAGAGATGT | 60. 0 Chr3:28914 | CTTGAATGAGATGTTGAG | 59. 0 o | 222
67-2891689 TCAG 2 67-2891489 CAGG 9
3 Chr3:28916 | AGGCGCTTCTAGAGATGT | 60. 0 Chr3:28915 | GGAAGGCTGAGATGAATG | 60. 0 0 189
67-2891689 TCAG 2 00-2891522 AGTC 2
4 Chr3:28916 | AGGCGCTTCTAGAGATGT | 60. 0 Chr3:28914 | AATCTTAAGTGCGTTTGC | 60. 0 0 289
67-2891689 TCAG 2 00-2891422 GTTT 2
5 Chr3:28916 | AGGCGCTTCTAGAGATGT | 60. 0 Chr3:28915 | TGAGATGAATGAGTCAAC | 60. 0 o | 182
67-2891689 TCAG 2 07-2891529 CTCG 3
Chr3:2891603-2891623 3 5 AGTCTATGGTGGTGTAGCGA CGGAGAGCAC + exon

gRNA (Spacer was shown in upper-case):
5-AGTCTATGGTGGTGTAGCGAgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgcetttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5'-AGTCTATGGTGGTGTAGCGA-3'
5'-TCGCTACACCACCATAGACT-3'

GC content of Spacer sequence: 0.5

Potential Pol 111 terminator (TTTTT): null

0 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
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PLL2

At5g02400

—
H F ! — — e , -_— —
| T — e o —

___________________________________________________________________| I I I
53 '

513.600 514.000 514200 514400 514500 514800 515000 515.200 515.400 515500 515,500

I v

Off-targets

Ranking Target sequence Genomic location Exon Strand GC (%) Self-complementarity

Gene specific part of SgRNA

GGAGCTCTCGAATGCGGAGGCGG

There are no predicted off-targets for this guide

Left Right Pair
. . Left |prime| . A Right|prime L
Pra' (!_:cﬁ'é)igglzrs Left primer prime| r off- l:ggo%ﬂgg Right primer prime| r off- taﬁfget (lzjtrgi(;:
r Tm [target r Tm [target 5
s s
1 Chr5:5138 | TCTGTCATCGGATTCTGA | 59. 0 Chr5:5140 | TTCTCTTTCTCCGTCTTCT | 60. 0 0 246
15-513837 TTGT 6 39-514061 TCG 1
2 Chr5:5137 | TATCCAAGAAACCACTTT | 59. 0 Chr5:5139 | CGACTCGTTAACAATTGG | 60. 0 0 217
40-513762 CCGT 9 35-513957 ACCT 4
3 Chr5:5138 | TCTGTCATCGGATTCTGA | 59. 0 Chr5:5140 | TTTCTCCGTCTTCTTCGTT | 60. 0 0 241
15-513837 TTGT 6 34-514056 GAT 2
4 Chr5:5138 | TCTGTCATCGGATTCTGA | 59. 0 Chr5:5140 | TTCTCCGTCTTCTTCGTTG | 60. 0 0 240
15-513837 TTGT 6 33-514055 ATT 2
5 Chr5:5137 | GTCTCCTCTCCGATCAGA | 59. 0 Chr5:5139 [ CGACTCGTTAACAATTGG | 60. 0 o | 238
19-513741 TCAT 7 35-513957 ACCT 4
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Chr5:513858-513878:c 7 6 GGAGCTCTCGAATGCGGAGG CGGAGACTGC - exon

gRNA (Spacer was shown in upper-case):
5'-GGAGCTCTCGAATGCGGAGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagteggtgctttttt-3

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5-GGAGCTCTCGAATGCGGAGG-3'
5-CCTCCGCATTCGAGAGCTCC-3'

GC content of Spacer sequence: 0.65

Potential Pol 111 terminator (TTTTT): null

1 from 149 REs recoginze Cas9 cut region (+7 to -13bp):
Ecil cut GGCGGA

Gene specific part of SgRNA

GATTGAAAGCGGGTTGTATTCGG

There are no predicted off-targets for this guide

Left Right Pair
. . Left |prime| . . Right(prime N
Pra' ci_tjecttrcgjigglig Left primer prime| r off- iggor:gmgg Right primer prime| r off- t:rﬁet cl:Dtrgi(;:
r Tm [target| r Tm [target 3
s s
1 Chr5:5138 | ATTTTGCCTCTTTACCACT | 60. 0 Chr5:5141 | TTCGCGAATAGTGTTTTG | 60. 0 0 247
83-513905 CCA 0 08-514130 AATG 1
2 Chr5:5138 | ATTTTGCCTCTTTACCACT | 60. 0 Chr5:5141 | CACTCTTCTTCAAGCGAG | 60. 0 0 288
83-513905 CCA 0 49-514171 GTTT 1
4 Chr5:5138 | ATTTTGCCTCTTTACCACT | 60. 0 Chr5:5141 | TCGCGAATAGTGTTTTGA | 59. 0 0 246
83-513905 CCA 0 07-514129 ATGT 7
5 Chr5:5138 | CGGTAATTTTGCCTCTTTA | 60. 0 Chr5:5141 | TTCGCGAATAGTGTTTTG | 60. 0 0 252
78-513900 CCA 3 08-514130 AATG 1
Chr5:514000-514020 NA NA GATTGAAAGCGGGTTGTATT CGGGTCCGAT + exon

gRNA (Spacer was shown in upper-case):
5'-GATTGAAAGCGGGTTGTATTgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-3'

Paired DNA oligos (without cloning adaptor) to construct gRNA :
5-GATTGAAAGCGGGTTGTATT-3'
5-AATACAACCCGCTTTCAATC-3'

GC content of Spacer sequence: 0.4
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Potential Pol Il terminator (TTTTT): null

0 from 149 REs recoginze Cas9 cut region (+7 to -13bp):

3.6.3 Cloning of spacers (one, and two) into the binary vector/s pHEE401 and pHSE401

PLL3

From section 3.6.2 gRNA1 (19-PAM): TCGGAGGGGCGGTTCCGGC to be used in Forward primers
gRNA2: GTCTATGGTGGTGTAGCGA
gRNA2 reverse: TCGCTACACCACCATAGAC to be used in reverse primers

T1-BsF/PLL3 BRI G 7Tl A TTGTCGGAGGGGCGGTTCCGGCGTT
T1-FO/PLL3 TGTCGGAGGGGCGGTTCCGGCGTTTTAGAGCTAGAAATAGC
T2-RO/PLL3 AACTCGCTACACCACCATAGACCAATCTCTTAGTCGACTCTAC
T2-BsR/PLL3 ATTATTGGTCTC|AAACTCGCTACACCACCATAGACE

PLL2

From section 3.6.2 gRNA1 (19-PAM): GAGCTCTCGAATGCGGAGG to be used in Forward primers
gRNA2: ATTGAAAGCGGGTTGTATT
gRNA2 reverse: AATACAACCCGCTTTCAAT to be used in reverse primers

T1-BsF/PLL2 B G 7Tl A TTGGAGCTCTCGAATGCGGAGGGTT
T1-FO/PLL2 TGGAGCTCTCGAATGCGGAGGG TTTTAGAGCTAGAAATAGC
T2-RO/PLL2 AACAATACAACCCGCTTTCAATEAATCTCTTAGTCGACTCTAC
T2-BsR/PLL2 ATTATTGGTCTCAAACAATACAACCCGCTTTCAATE
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