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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 II 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. 

  

 

 

 

 

 

 

 

 

 

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 γ-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).  

Fig. 1 Diagram of the CRISPR prokaryotic 

viral defense mechanism Horvath P, Barrangou 

R (2010). 

 

 

 

 

 

Fig. 2 Diagram of the CRISPR 

prokaryotic defense mechanism 

(NEB website) 
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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 IIS or Insulin/IGF‐

1 signaling (Wolff et al., 2006). The functional homolog of PSY2L in Saccharomyces cerevisiae, 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).  
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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 

1- Planting tomato seeds and make tissue culture propagation for tomato plants 

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

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

4- In vitro transcriptions for cloned gRNAs and CAS9 

5- 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  

6- Optional: checking the level of CAS9 protein by western after protoplast transfection  by CAS9 transcripts  

7- 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 

1- Performing and establishing tissue culture system to re-generate plants from isolated protoplasts 

(Arabidopsis) 

2- Expression and purification of NLS-CAS9 protein  

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

transcription for gRNAs 

4- In vitro transcriptions for cloned gRNAs and CAS9 

5- 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  

6- Optional: checking the level of CAS9 protein by western after protoplast transfection  by CAS9 transcripts  

7- 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/CAS9 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 (SlPDS, Solyc03g123760.2.1). SlPDS 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-SlPDS and 57.14% (4 out of 7) 

of the sgRNA2-SlPDS transgenic plants showed an albino phenotype, indicating the complete or 

partial loss of SlPDS 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).  

 

 

 

 

 

 

 

 

Left figure: Albinism phenotype of SlPDS transgenic plants in T0 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 T2 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 
were two transgenic lines. Jiang Y et al., 2013 
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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 

 

 
Class1.0 gRNA_1 

 

Chr3:64556691-64556711 3 4 TAACGATCGATTGCAATGGA AGGAACATTC + exon 

gRNA (Spacer was shown in upper-case): 

5'-TAACGATCGATTGCAATGGAgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-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 III terminator (TTTTT): null 
3 from 149 REs recoginze Cas9 cut region (+7 to -13bp):  

BsrDI cut GCAATG 

Nb.BsrDI cut GCAATG 
HpyCH4V cut TGCA 

 
Class1.0 gRNA_2 

 

Chr3:64557090-64557110 4 4 GGACTCTTGCCAGCAATGCT TGGAGGGCAA + exon 

gRNA (Spacer was shown in upper-case): 
5'-GGACTCTTGCCAGCAATGCTgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-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 III terminator (TTTTT): null 
2 from 149 REs recoginze Cas9 cut region (+7 to -13bp):  

BsrDI cut GCAATG 

Nb.BsrDI cut GCAATG 
 

Class0.0 gRNA 

SeqID minMM_GG minMM_AG Spacer seq (5'->3') PAM (5'->3') strand location  

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

gRNA (Spacer was shown in upper-case): 

5'-TAGTTGGGCGCGGAGAAGCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-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 III terminator (TTTTT): null 

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

AclI cut AACGTT 
HpyCH4IV cut ACGT 
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In order to find flanking primers for PCR amplification around the 

CRISPR target, I aligned the sGRNA against tomato genome in 

Ensembel, and found the target place… This will be used to design 

primers… 

 

For the first spacer 

BLAST Genomic Sequence 

>chromosome:SL2.50:3:70501521:70502140:-1 

70502140 AGASATAMGACATTATAACRGCAGAAATAAARAGAGTGATGGCWGAATWRTCAAAATTTA 

70502081 

70502080 MAACTTGYGTAACTGCTCCTAGTYMAATCAGCAGTGACWTTCTATTTAGTCGCAAAATGA 

70502021 

70502020 YAAGAGCTTAATAACCTCAAMTTTTGTAGTMAAAYAGTTAATCAGGCATGTACAGGTACA 

70501961 

70501960 AYAAATATTCAAATGATWATACAGCAAAAAAATGCTTSCTTCRRAATAAGCAAAAYRAAT 

70501901 

70501900 GCTAYAAATATAGATGACCCGGAATATCACCTGCACCAGCAATAACAATCTCCAATGGTT 

70501841 

70501840 TAGTYGGGCGCGGAGAAGCACGGAWYGTTGATGATAAAAATGCAGCCTCCAAATAGTTAA 

70501781 

70501780 CTGTATTGTCYAGCTCTGGTCTTGGATAATCAATGCATACGACCTGAATGACAAGATAST 

70501721 

70501720 TCCTTTATTTWAGWGAAATRTATGYCTTGAGATAATAATTCAAGTCATYAGTCTATAGAA 

70501661 

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19511004
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19511003
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19511002
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19511001
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19511000
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510999
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510998
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510997
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510996
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510995
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510994
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510993
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510992
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510991
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510990
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510989
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510988
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510987
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510986
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510985
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510984
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510983
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510982
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510981
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510980
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510979
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510978
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510977
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510976
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510975
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510974
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510973
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510972
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510971
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510970
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510969
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70501660 TYCAAACCAAACCTTTAAAGGCCCCRAGTCCTTAACCRATCYTCTGGTCGTGGCATGGGG 

70501601 

70501600 AGTACGAATCTTTAACTTATGACCCATWGATTCGCTACCAGCAAAACATAAYGAATTCCT 

70501541 

70501540 TDGCAAGCAACCATCTCGAC                                          

70501521 

 

 

 
For the second spacer 

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

70503342 TGGTTTRCATATATTCTGTAAGTTTGACCYCTCATTGTTRTATGTTTACGTTAATCTTCT 

70503401 

70503402 WTATWCTGTCATTGTATTTTTTTTTTTGATCTCTAGYCAATTAGACATCTCCTATCCTYG 

70503461 

70503462 TTTGTCRTTTATCGTTTATCTTTTACAAAAATRGCCTATYATTGTMAGTAAATCTGTATT 

70503521 

70503522 WTGTCTWGYTTCTYCTTTCTCATCTTATYATTCATATAGTGACTCATACAAATTGGTGCT 

70503581 

SLPDS-SPACER!
620 bp

Spacer

R primer

Left  primer Eco RI (594)

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510969
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510968
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510967
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510966
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510965
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510964
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510964
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510963
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510962
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;r=3:67975183-67976284;tl=koTwAZD02U1EF2sW-12753992-213371694;vf=19510961
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511093
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511094
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511095
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511096
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511097
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511098
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511099;vf=19511098
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511099
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511099;vf=19511100
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511099
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511101
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511102
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511103
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511103;vf=19511104
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511103
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511105
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511106
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511107
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511108
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511109
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511110
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511111
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511112
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70503582 TGATCTMTTTTAAGTTGGGGCTTACCCAAATATTCAGAACCTRTTTGGAGAATTAGGGAT 

70503641 

70503642 TAACGATCGATTGCAATGGAAGGAACATTCAATGATATTTGCAATGCCAAGCAAGCCAGG 

70503701 

70503702 AGAATTCAGCCGCTTTGATTTCTCCGAAGCTTTACCCGCTCCTTTAAATGGTGAGCTAAT 

70503761 

70503762 CAYGAGTAAATTTCTCCCTCTTGTAGTYATKTTGTTAAACTTCYCTAATWARCTGTAAAG 

70503821 

70503822 TTGATTARAATTCTMAAAAAAAAATCTGTAAAATTGAYAAGTCAATYACACCTATRGGAC 

70503881 

70503882 TTYACTAACCTTARAAGAGCATAAAAGTTCAYTACTTCYTCATTGGMCCTTTTGTGTGCA 

70503941 

70503942 GCTAAAATRTTAAATTCTTT                                         70503 

 

  

3.2 Identifying Spacers for sgRNA production to Edit Arabidopsis 

PDS3: 

 

Your query is: AT4g14210 in Chr4 from 8190212 to 8195265 

Class0.0 gRNA 

SeqID minMM_GG minMM_AG Spacer seq (5'->3') PAM (5'->3') strand location  

SLPDS1-Spacer 2
620 bp

Spacer 2

Left  Primer Right primerCla I  ( 308)

Eco RI (363)

Hin dIII (388)

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511113
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511114
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511115
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511116
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511117
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511118
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511119
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511120
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511121
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511122
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511123
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511124
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511124;vf=19511125
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511126
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511126;vf=19511127
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511126
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511128
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511129
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511130
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511131
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511132
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511133
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511134
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511135
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=9leaBkadWVAG8V4F-12753995-213371780;vf=19511136
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Chr4:8192698-8192718 NA NA ATAAGCCTGACCGCCGACCA TGGCTGGCAA + exon  

gRNA (Spacer was shown in upper-case): 

5'-ATAAGCCTGACCGCCGACCAgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-3' 

It is located in the middle of PDS3 mRNA: 

Hit# Sequence name # of hits 
Hit 

pattern 

Hit 

sequence start end 

1 AT4G14210.1 1 TGGTCGGCGGTCAGGCTTAT 1003 984 sequence  

2 AT4G14210.2 1 TGGTCGGCGGTCAGGCTTAT 1003 984 sequence  

 

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

5'-TGGTCGGCGGTCAGGCTTAT-3' 

 
GC content of Spacer sequence: 0.6 

Potential Pol III terminator (TTTTT): null 

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

CviAII cut CATG 

FatI cut CATG 
NcoI cut CCATGG 

 

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

 

 

 

 

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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Pai
r 

Left primer 
coordinates 

Left primer 
Left 

prime
r Tm 

Left 
prime
r off-
target

s 

Right primer 
coordinates 

Right primer 
Right 
prime
r Tm 

Right 
prime
r off-
target

s 

Pair 
off-

target
s 

Produ
ct size 

1 
Chr4:81928
54-8192876 

GCTGAAATGTTCTGTGGT
TGAA 

60.
2 

0 
Chr4:81926
33-8192655 

ACTCAATAGCCTACTTGC
CTGC 

59.
9 

0 0 243 

2 
Chr4:81928
54-8192876 

GCTGAAATGTTCTGTGGT
TGAA 

60.
2 

0 
Chr4:81926
53-8192675 

GCTTTTCCATCCATTCTT
TGAC 

60.
0 

0 0 223 

3 
Chr4:81928
54-8192876 

GCTGAAATGTTCTGTGGT
TGAA 

60.
2 

0 
Chr4:81926
34-8192656 

CTCAATAGCCTACTTGCC
TGCT 

60.
1 

0 0 242 

4 
Chr4:81928
54-8192876 

GCTGAAATGTTCTGTGGT
TGAA 

60.
2 

0 
Chr4:81926
36-8192658 

CAATAGCCTACTTGCCTG
CTTT 

59.
9 

0 0 240 

5 
Chr4:81929
02-8192924 

TACTGGTCAAGGCAAGAC
GATA 

59.
8 

0 
Chr4:81926
53-8192675 

GCTTTTCCATCCATTCTT
TGAC 

60.
0 

0 0  

 

 

 

 

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

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

Hit# Sequence name # of hits 
Hit 

pattern 

Hit 

sequence start end 

1 AT4G14210.1 1 CGCTTAAGACAAGAACAAGG 420 439 sequence  

2 AT4G14210.2 1 CGCTTAAGACAAGAACAAGG 420 439 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 III 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): 

 

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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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 
Chr4:8194687-

8194709 
CACTTTCATCTGGAGGTTGTGA 60.1 0 

Chr4:8194478-

8194500 
CTCTAGCTCTGGCCTTGGAATA 60.0 0 0 231 

2 
Chr4:8194746-

8194768 
GGTTGTGTTTGGGAATGTTTCT 60.1 0 

Chr4:8194478-

8194500 
CTCTAGCTCTGGCCTTGGAATA 60.0 0 0 290 

3 
Chr4:8194676-

8194698 
GGAGGTTGTGAACTAATGGGAC 59.7 0 

Chr4:8194478-

8194500 
CTCTAGCTCTGGCCTTGGAATA 60.0 0 0 220 

4 
Chr4:8194710-

8194732 
TTATCAAAACGGGTTTTTGGAG 60.2 0 

Chr4:8194478-

8194500 
CTCTAGCTCTGGCCTTGGAATA 60.0 0 0 254 

5 
Chr4:8194687-

8194709 
CACTTTCATCTGGAGGTTGTGA 60.1 0 

Chr4:8194471-

8194493 
CAGTGTTCTCTAGCTCTGGCCT 60.2 0 0 238 

3.3 T7 dependent expression of sgRNA and co-transfection with 

NLS-CAS9 to isolated protoplasts: 
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https://www.neb.com/applications/cloning-and-synthetic-biology/genome-editing/sgrna-template-construction-for-cas9-gene-editing  

 

3.3.1 Subcloning of spacers in T7 dependent sgRNA expressor vector: 

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 

https://www.neb.com/applications/cloning-and-synthetic-biology/genome-editing/sgrna-template-construction-for-cas9-gene-editing
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compatible with the two BsaI 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). 
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https://www.neb.com/applications/cloning-and-synthetic-biology/dna-assembly-and-cloning/golden-gate-assembly 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

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). Also, we 

will order the plasmid that contains NLS-CAS9 (PET-NLS-Cas9-6xHis no. 62934). The 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 a good 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 (https://www.neb.com/products/m0641-cas9-nuclease-nls-s-pyogenes). 

 

                                  
 

3.3.2.2 Transcripts  
 

In vitro transcription of NLS-CAS9 from the  

plasmid pST1374-NLS-flag-linker-Cas9 (no. 

44758, (Shen et al. 2014)).  

 

 

 

 

 

 

 

 

 

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.  

 

 

Purifying methods and kits will be chosen and ordered? 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.neb.com/products/e2050-hiscribe-t7-quick-high-yield-rna-synthesis-kit
https://www.neb.com/products/e2060-hiscribe-t7-arca-mrna-kit-with-tailing
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3.4 Finding PSY2L homologs in Tomato  
 

Arabidopsis PSY2L  AT3G06670.1 

 
  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 

251 IPIKDPLVLS KIHQTYRIGY LKDVVLARVL DDAIVANLNS VIHANNAIVV 

301 SLLKDDSTFI QELFARLRSP STSMESKKNL VYFLHEFCSL SKSLQVVQQL 

351 RLFRDLINEG IFHVIEEVLQ IPDKKLVLTG TDILILFLTQ DPNLLRSYVV 

401 RTEGNPLLGL LVKGMMEDFG DKMHCQFLEI IRTLLDANAL SGGAQRANIM 

451 DIFYEKHLPE LVDVITASCP EKSSNASEGA ARRIFTKPEV LLNICELLCF 

501 CIMQDASRTK CSFLQNNVTE KVLHLTRRKE KYLVVAAIRF VRTLLSVHDD 

551 YVQNYVVKNN LLKPIIDVFI ANGTRYNLLN SAVLDLLEHI RKGNATLLLK 

601 YIVDTFWDQL APFQCLTSIQ AFKVKYEQCL ESAGPKSTSD AVDPRRRVDE 

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: 
 

 
 

3.4.2 Alignment of PSY2L from Arabidopsis, human, and tomato 4 homologs appeared in 

the above alignment: 
                       1                                                                   70 

At_gi_332640917    (1) -------MGAPEKSQSNTNS-MQRVKVYHLNEDGKWDDRGTGHVSIDFVERSEELSLCVIDEEDNETLLV 

Sl_gi_460415146    (1) -------MGAQEKSSNSSNP-MQRVKVYRLNDDGKWDDQGTGHVTVDYIERSEDLGLLVADEEDHETLLL 

Sl_gi_460366250    (1) MISVVASMGAQEKSSSTNNSSIQRVKVYRLNDDGKWDDQGTGHVTVDYLERSEEPGLLVTDEDEHETLLL 

Sl_gi_723752937    (1) -------MGAQEKSSNSSNP-MQRVKVYRLNDDGKWDDQGTGHVTVDYIERSEDLGLLVADEEDHETLLL 

Sl_gi_723752934    (1) -------MGAQEKSSNSSNP-MQRVKVYRLNDDGKWDDQGTGHVTVDYIERSEDLGLLVADEEDHETLLL 

Hs_gi_546231920    (1) -----------------MTDTRRRVKVYTLNEDRQWDDRGTGHVSSGYVERLKGMSLLVRAESDGSLLLE 

                       71                                                                 140 

At_gi_332640917   (63) HPINPEDIYRKQEDTIISWRDPERSTELALSFQETAGCSYVWDQICTMQ--------RNLHFSSLNSETF 

Sl_gi_460415146   (63) HRISADDIYRKQEDTIISWRDPEYSTELALSFQETTGCSYIWDHICSVQ--------RNMHFSSLNNETF 

Sl_gi_460366250   (71) HRISAEDIYRKQEDTIISWRDPEYSTELALSFQETTGCSYIWDSICSVQ--------RNMQFSSLNYETF 

Sl_gi_723752937   (63) HRISADDIYRKQEDTIISWRDPEYSTELALSFQETTGCSYIWDHICSVQ--------RNMHFSSLNNETF 

Sl_gi_723752934   (63) HRISADDIYRKQEDTIISWRDPEYSTELALSFQETTGCSYIWDHICSVQ--------RNMHFSSLNNETF 

Hs_gi_546231920   (54) SKINPNTAYQKQQDTLIVWSEAEN-YDLALSFQEKAGCDEIWEKICQVQGKDPSVDITQDLVDESEEERF 

                       141                                                                210 

At_gi_332640917  (125) HSLNSELRELPAVELTTLPLILKIVTESGITDQMR-LTELILKDHDFFRNLMGVFKICEDLENVDGLHMI 

Sl_gi_460415146  (125) HSVNSDLKELPPIELSTLPLILKTVVEGGIADQLR-VTELILNDQDFFHKLMDLFRISEDLENIENLHIV 

Sl_gi_460366250  (133) HSASSDLRELPPVELSTLPLILKIVVESGVADQLR-VTELVLHDQIFFGKLMDLFRICEDLENVDSLHII 

Sl_gi_723752937  (125) HSVNSDLKELPPIELSTLPLILKTVVEGGIADQLR-VTELILNDQDFFHKLMDLFRISEDLENIENLHIV 

Sl_gi_723752934  (125) HSVNSDLKELPPIELSTLPLILKTVVEGGIADQLR-VTELILNDQDFFHKLMDLFRISEDLENIENLHIV 

Hs_gi_546231920  (123) DDMSSPGLELPSCELSRLEEIAELVASSLPSPLRREKLALALENEGYIKKLLELFHVCEDLENIEGLHHL 

                       211                                                                280 

At_gi_332640917  (194) FNIVKGIILLNSSQILEKIFGDELIMEIIGCLEYDPGVPHSQHHRNFLKEHVVFKERQSHVFFVRKEHAH 

Sl_gi_460415146  (194) FKIVRGIMMLNNTQIFEKIFGDELIIDIIGCLEYDPDAPH-VHHRNFLKEHVVFKEAIS----------- 

Sl_gi_460366250  (202) FKIVRGIIFLNSSQIFETIFGDELIMDIVGCLEYDPEAPH-IHHRGFLKEHVVNKEAIP----------- 

Sl_gi_723752937  (194) FKIVRGIMMLNNTQIFEKIFGDELIIDIIGCLEYDPDAPH-VHHRNFLKEHVVFKEAIS----------- 

Sl_gi_723752934  (194) FKIVRGIMMLNNTQIFEKIFGDELIIDIIGCLEYDPDAPH-VHHRNFLKEHVVFKEAIS----------- 

Hs_gi_546231920  (193) YEIIKGIFLLNRTALFEVMFSEECIMDVIGCLEYDPALSQPRKHREFLTKTAKFKEVIP----------- 

                       281                                                                350 

At_gi_332640917  (264) YGCFGISAIPIKDPLVLSKIHQTYRIGYLKDVVL--ARVLDDAIVANLNSVIHANNAIVVSLLKDDSTFI 

Sl_gi_460415146  (252) ----------IKDSIVLSKIHQTYRVGYLKDAIL--PRVLDDAIVANLNSIIQSNNAIVVSLLKDDSTFI 

Sl_gi_460366250  (260) ----------IKDTVVLSKIRQTYRVGYLKDVVL--AQMLDEATIANLNSIISSNNAMVVSRLKDDNAFI 

Sl_gi_723752937  (252) ----------IKDSIVLSKIHQTYRVGYLKDAIL--PRVLDDAIVANLNSIIQSNNAIVVSLLKDDSTFI 

Sl_gi_723752934  (252) ----------IKDSIVLSKIHQTYRVGYLKDAIL--PRVLDDAIVANLNSIIQSNNAIVVSLLKDDSTFI 

Hs_gi_546231920  (252) ----------ISDPELKQKIHQTYRVQYIQDMVLPTPSVFEENMLSTLHSFIFFNKVEIVGMLQEDEKFL 

                       351                                                                420 

At_gi_332640917  (332) QELFARLRSPSTSMESKKNLVYFLHEFCSLSKSLQVVQQLRLFRDLINEGIFHVIEEVLQIPDKKLVLTG 

Sl_gi_460415146  (310) QDLLGKLKLPSTSAESKKNLVHFLHEFCTLSKSLQVVQQHRLFRDLVNEGIFDIIADVLESQDKKLVLTG 

Sl_gi_460366250  (318) QELFVKLRSPSTSAESKKKLIHFLHEFCTLSKSLQMAQQVRLLRDLVNEGIFDIIVDILQSPDKKLVLMG 

Sl_gi_723752937  (310) QDLLGKLKLPSTSAESKKNLVHFLHEFCTLSKSLQVVQQHRLFRDLVNEGIFDIIADVLESQDKKLVLTG 

Sl_gi_723752934  (310) QDLLGKLKLPSTSAESKKNLVHFLHEFCTLSKSLQVVQQHRLFRDLVNEGIFDIIADVLESQDKKLVLTG 

Hs_gi_546231920  (312) TDLFAQLTDEATDEEKRQELVNFLKEFCAFSQTLQPQNRDAFFKTLSNMGILPALEVILGMDDTQVRSAA 

                       421                                                                490 

At_gi_332640917  (402) TDILILFLTQDPNLLRSYVVRTEGN-----PLLGLLVKGMMEDFGDKMH--CQFLEIIRTLLDANALSG- 

Sl_gi_460415146  (380) TDILILFLNQDPNLLRSYVIRQEGL-----ALFGLLVKGMLTDFEDDMH--CQFLEILRSLLDSYAS--- 

Sl_gi_460366250  (388) TDILILLN-QDPNLLRSHVIRQEGL-----TLFGLLVRGMLTDFGDDMH--CQFNEILRSLLDSYAS--- 

Sl_gi_723752937  (380) ---------------------------------------------------------------------- 

Sl_gi_723752934  (380) HPHSFLEPRSKSAAVLCNSPGRSCS-----VWASGQRYANRF---------------------------- 

https://www.arabidopsis.org/servlets/tools/gbrowse/arabidopsis?name=AT3G06670.1
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Hs_gi_546231920  (382) TDIFSYLVEYNPSMVREFVMQEAQQNDDDILLINLIIEHMICDTDPELGGAVQLMGLLRTLVDPENMLAT 

                       491                                                                560 

At_gi_332640917  (464) --GAQRANIMDIFYEKHLPELVDVITASCPE----------KSSNASEGAARRIFTKPEVLLNICELLCF 

Sl_gi_460415146  (440) --GSQRETIVEIFYEKHLSQLIDVITSSCPSPTDGITQAVSNSESSDGGTGKQSSYKPEILLNICDLLCF 

Sl_gi_460366250  (447) --GLQRDTIVEIFYEKHLTGLVQAITLSCPPK--GDSLSVSESANSDGGNVKQSCVKPEILLNICELLCF 

Sl_gi_723752937  (380) ---------------------------------------------------------------------- 

Sl_gi_723752934  (417) ---------------------------------------------------------------------- 

Hs_gi_546231920  (452) ANKTEKTEFLGFFYKHCMHVLTAPLLANTTEDK----------------PSKDDFQTAQLLALVLELLTF 

                       561                                                                630 

At_gi_332640917  (522) CIMQDASRTKCSFLQNNVTEKVLHLTRRKEKYLVVAAIRFVRTLLSVHDDYVQNYVVKNNLLKPIIDVFI 

Sl_gi_460415146  (508) CIVHHPYRIKCNFLLNNVIDKVLFLTRRKEKYLVVAAVRFMRTLISRNDEHLMNYIAKHNLLKPVVDVFV 

Sl_gi_460366250  (513) CVVHHPYRIKCSFLLNNVVDKVLLLTRRREKYLVLAAVRFVRTLITRNDEYLMNHIAEKNLLKPIVNAFV 

Sl_gi_723752937  (380) ---------------------------------------------------------------------- 

Sl_gi_723752934  (417) ---------------------------------------------------------------------- 

Hs_gi_546231920  (506) CVEHHTYHIKNYIINKDILRRVLVLMASKHAFLALCALRFKRKIIGLKDEFYNRYIMKSFLFEPVVKAFL 

                       631                                                                700 

At_gi_332640917  (592) ANGTRYNLLNSAVLDLLEHIRKGNATLLLKYIVDTFWDQLAPFQCLTSIQAFKVKYEQCLE---SAGPKS 

Sl_gi_460415146  (578) ANGDRYNLLNSAVLELFEHIRKDNLKILLKYLVDSFWDELVKFEKLTSIQSLKIKYEQSLD---SAGIRS 

Sl_gi_460366250  (583) ANGDRYNLLNSAVLELFEYIRKDNLKILLKYLVDSFWDELVKFEKFSSINSLKVKYEQSLE---DSGIRS 

Sl_gi_723752937  (380) ---------------------------------------------------------------------- 

Sl_gi_723752934  (417) ---------------------------------------------------------------------- 

Hs_gi_546231920  (576) NNGSRYNLMNSAIIEMFEFIRVEDIKSLTAHVIENYWKALEDVDYVQTFKGLKLRFEQQRERQDNPKLDS 

                       701                                                                770 

At_gi_332640917  (659) TSDAVDP-RRRVDERALEKEEEDYFNEDSDEEDSASASNTQKEKPASNIQKEQPKPHLSNGVAASPTSSS 

Sl_gi_460415146  (645) IGNLLDDPRKRVDDRCLEKEEEEYFNEESDEEDSASASVTNASRAQS-------QPALPNG--SVPSVSP 

Sl_gi_460366250  (650) VGNLLDP-RKRVDERSLEKEEEDYFNKESDEEDSTSASGANASRVKS-------QLAVPNG--SAPSYTS 

Sl_gi_723752937  (380) ---------------------------------------------------------------------- 

Sl_gi_723752934  (417) ---------------------------------------------------------------------- 

Hs_gi_546231920  (646) MRSILRNHRYRRDARTLEDEEEMWFNTDEDDMEDGEAVVSPSDKTKN----------------------- 

                       771                                                                840 

At_gi_332640917  (728) PRSGGLVDYEDDEDDEDYKPPPRKQPEASEDEEGELLRLKRKSALVEREQEPSKKPRLGKSSK-RENVFA 

Sl_gi_460415146  (706) MRSGGLVDYDDDEDDEDYKPPLRKQSDNSDEDGSVESFPLKRKLLQKDESEPKRLQLIAKGSKSRDSVFA 

Sl_gi_460366250  (710) DRSGGVVDSGDDDIDEDYKPPPKKQSDTSDEDGADSFPLKRKVAPKKDP-EPKRLQCVVKGSKSRDTVFA 

Sl_gi_723752937  (380) ---------------------------------------------------------------------- 

Sl_gi_723752934  (417) ---------------------------------------------------------------------- 

Hs_gi_546231920  (693) --------------DDDIMDPISKFMERKKLKESEEKEVLLKTNLSGRQ-SPSFKLSLSSGTK----T-- 

                       841                                                                910 

At_gi_332640917  (797) VLCSTLSHAVLTGKKS-----------PGPAGSAARSIVAKGAEDSKSSEENNSSSSDDENHKDDGVS-- 

Sl_gi_460415146  (776) ALCSTLSQAVLPAKKMGSTV------QDGPCSDGDEKSVESNHEEKGNSTDNGSAGLDNHDHREPNGPKS 

Sl_gi_460366250  (779) ALCSTLSQAVLPSKTTESPAGNGSAAPGSPQSDENKRSVEANHDEEGSLSNNGNADFENHANKQATSPKK 

Sl_gi_723752937  (380) ---------------------------------------------------------------------- 

Sl_gi_723752934  (417) ---------------------------------------------------------------------- 

Hs_gi_546231920  (742) NLTSQSSTTNLPGSPGS---------PGSPGSPGSPGSVPKNTSQTAAITTKGGLVGLVDYPDDDEDDDE 

                       911                            944 

At_gi_332640917  (854) -SSEHETSDNGKLNGEESLVVAPKSSPEMAVNGS 

Sl_gi_460415146  (840) YSESMHSSPDNRQRGEDYPLIPPKSSPEMAVNGS 

Sl_gi_460366250  (849) ISESLHKSPDSREHEEDCPLIQPKSSPEMAVNGS 

Sl_gi_723752937  (380) ---------------------------------- 

Sl_gi_723752934  (417) ---------------------------------- 

Hs_gi_546231920  (803) DEDKEDTLPLSKKAKFDS---------------- 

 

 

 

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

appeared in the above alignment: 
                          1                                                                   70 

  At_gi_334185149     (1) ---------------------------------------------------------------------- 

  Hs_gi_546231919     (1) CTGCGTCCCGCCTCCTCCGCTCCCTGCGCTCCCGCCACCTCGGCAACTCCGCGCCCGCCTCCCGCCTCCG 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) ---------------------------------------------------------------------- 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          71                                                                 140 

  At_gi_334185149     (1) ---------------------------------------------------------------------- 

  Hs_gi_546231919    (71) TCGGAAGCCTCCGCCGCAGTAAGGCTCCCGGTCTCGCTGCTGTCTCTTTAAATGGTGGGGCTACGAGCCG 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) ---------------------------------------------------------------------- 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          141                                                                210 

  At_gi_334185149     (1) ---------------------------------------------------------------------- 

  Hs_gi_546231919   (141) CCCCTGCAGCTGCTCCCTGGGTGGCCCCGCGCGCCGCTTTTGAGGGGCGAACCAAGATGGCGGCGGTTTT 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) ---------------------------------------------------------------------- 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          211                                                                280 

  At_gi_334185149     (1) -----------------CGGCAACAATGATCAAATTCCCACCTGGCGCATTTTCATTGGATTTAACTTTC 

  Hs_gi_546231919   (211) GGCTGTGTGAGGAAGACGGAAGAGACGGCGGCGGAGGGAAACCGACTTCCACTAGTCCGGGTCGCTTGGG 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) ---------------------------------------------------------------------- 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          281                                                                350 

  At_gi_334185149    (54) TTTTACACAGACAAAACATTTCTGCTTGTCATTTCTTCTACGTCACAGGCTGTCGTTTTTAAAGAGAGCG 

  Hs_gi_546231919   (281) CGGCCGGGGGCCCTCAGAGTCTCCCGGGCAGTGGTAGCAGTTGCAGCAGGATCAGGCGCCTGTCGGCTTC 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) ---------------------------------------------------------------------- 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          351                                                                420 

  At_gi_334185149   (124) AACCGACTCGCGGCAAAGGAGCGCGTGGGTGTCGCTCGATGGCCTTTTAGTGAATACAAAGGGCAAGTAA 

  Hs_gi_546231919   (351) TGACGTTTAAAACAGGGGGAGCGGAAGGGAGCCACTGGCCGCGGTGGCAGGGCCAGGTATAAGGAAGGAA 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) ---------------------------------------------------------------------- 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          421                                                                490 

  At_gi_334185149   (194) GGGTATTAATGGAATTTAGTTCATAACGTATGAAGAATTATATTATTTTTCTGCTGCTTTAATTTTTTTT 

  Hs_gi_546231919   (421) AATATGGCGGCGGCGGCGGCGGCCTGAGGAGGCGGCGGCGGCGCGGGAAGCTGCTTCGCGGAGATCATGG 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) ---------------------------------------------------------------------- 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          491                                                                560 

  At_gi_334185149   (264) TTCTTTTTTTTTTTCTCCTCTCTCTTCTCTCTTCTTTCGCGTTTCGAAGGTTGGGGAAAGCTTTCGCAGA 

  Hs_gi_546231919   (491) CGGAGGCGGGAGCAGGGCAGTGACGGGAGCCCCGAGTTCCTAGCGCTGCGGGGCGGGAGGCTACGAAGCG 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) ---------------------------------------------------------------------- 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          561                                                                630 

  At_gi_334185149   (334) AGAAAATAAAAGCTAGAGAGAGAATGTCAATGTTTTTTTGATGCTCCGTCTGGCAATTAGGGTTTCTTTT 

  Hs_gi_546231919   (561) CTGCGCGGCCCCCTCGGGGCTGCCGGGCGCCGGGCTCGCCAGGCCTGGACAATAGCGCCGGGGAGCCGGA 

Sl_1_gi_723752928     (1) ---------------------------------------------------------------------- 

Sl_2_gi_723656934     (1) -------------------------ATCCCGCTATTTTGAATAGAAACAAAGGGCATTAATGGCATCAAC 

Sl_3_gi_723752936     (1) ---------------------------------------------------------------------- 

Sl_4_gi_723752933     (1) ---------------------------------------------------------------------- 

                          631                                                                700 

  At_gi_334185149   (404) TTCTTTGATTTCGTCCCCTTCG-AGAACTGAATCTCCCGCCTATATCGACGCCGTCTAATTCCTATCATT 

  Hs_gi_546231919   (631) GGCGAGGAAAGGCGGCGGCCCAGAGCTCGGTCCCTGGAGCGGGCCATGCAGGCGGCGGCGCGGCCCCGCG 

Sl_1_gi_723752928     (1) --------------------CA-GGCACGAACACTTCAGAAGAAAAAGAAACG----AAGAGAGAGAAAG 

Sl_2_gi_723656934    (46) AAAATCAAACGAAATCAAACGA-AGCACT---TCTCTCGTAGTAAGTATTTCC----AAAAGCTGGGTAT 

Sl_3_gi_723752936     (1) ------------------GTCA-GGCACGAACACTTCAGAAGAAAAAGAAACG----AAGAGAGAGAAAG 

Sl_4_gi_723752933     (1) ------------------GTCA-GGCACGAACACTTCAGAAGAAAAAGAAACG----AAGAGAGAGAAAG 

                          701                                                                770 

  At_gi_334185149   (473) TCTCGTTGCTCCAAAACCCTAACTTTACTACCGTCGGTCATTATTTTCACTTTCTCGGCT--------CG 

  Hs_gi_546231919   (701) GCGCCCAGCGGCGGCAGTGAGGCCGGGGAGCC--CTCCGCTCGCGGGCGCCCTCACGCCTCGCCCCTCGC 

Sl_1_gi_723752928    (46) AAGAGA-GAGAAAGAAGAGAAGATTCACTAC------TCATCAATGGCG---GCAGTGTG--------AA 

Sl_2_gi_723656934   (108) TAGCACTGTAGAGGGAGAGAAGATATCATACAAGTTGTGAAGATCGACACGAAAACGAGTTTCGA---AG 

Sl_3_gi_723752936    (48) AAGAGA-GAGAAAGAAGAGAAGATTCACTAC------TCATCAATGGCGCAGGCAGTGTG--------AA 

Sl_4_gi_723752933    (48) AAGAGA-GAGAAAGAAGAGAAGATTCACTAC------TCATCAATGGCGCAGGCAGTGTG--------AA 

                          771                                                                840 

  At_gi_334185149   (535) ATT---TGGTGTTGGAGGTTGGTAATCAGTTATGGGCGCTCCGGAAAAGTC-TCAATCTAATACCAAT-- 

  Hs_gi_546231919   (769) CTCTCCAGGGCCCCTTTCCTGGGCGTCTACTGGCGGGGCCCCCGCCCCGGT-TCCCGGGCGGCACGATGA 

Sl_1_gi_723752928    (98) ATT---TGG-GTTGTAG------AAGTTTCTATGGGTGCTCAAGAGAAGTCATCAAACTC-TAGTAAT-- 

Sl_2_gi_723656934   (175) ATTCACTGATATGATATCAGTCGTGGCTTCAATGGGTGCTCAAGAGAAGTCTTCTAGCACCAACAACTCC 

Sl_3_gi_723752936   (103) ATT---TGG-GTTGTAG------AAGTTTCTATGGGTGCTCAAGAGAAGTCATCAAACTC-TAGTAAT-- 

Sl_4_gi_723752933   (103) ATT---TGG-GTTGTAG------AAGTTTCTATGGGTGCTCAAGAGAAGTCATCAAACTC-TAGTAAT-- 

                          841                                                                910 

  At_gi_334185149   (599) TCGAT-----GCAGAGAGTGAAAGTCTATCATTTGAATGAAGATGGTAAATGGGATGATCGAGGAACTGG 

  Hs_gi_546231919   (838) CCGACACCCGGCGGCGGGTGAAGGTGTACACGCTCAACGAGGACCGGCAGTGGGACGACCGGGGCACCGG 

Sl_1_gi_723752928   (155) CCGAT-----GCAGCGTGTAAAGGTCTATCGCCTGAATGACGATGGAAAATGGGATGATCAAGGAACGGG 

Sl_2_gi_723656934   (245) TCGAT-----ACAGCGTGTAAAGGTCTATCGTCTGAATGATGATGGGAAGTGGGATGACCAGGGGACAGG 

Sl_3_gi_723752936   (160) CCGAT-----GCAGCGTGTAAAGGTCTATCGCCTGAATGACGATGGAAAATGGGATGATCAAGGAACGGG 

Sl_4_gi_723752933   (160) CCGAT-----GCAGCGTGTAAAGGTCTATCGCCTGAATGACGATGGAAAATGGGATGATCAAGGAACGGG 

                          911                                                                980 

  At_gi_334185149   (664) GCACGTAAGCATCGACTTTGTGGAGCGATCTGAAGAACTCAGTC-TATGTGTAATTGATGAAGAAGATAA 

  Hs_gi_546231919   (908) GCATGTGTCGTCTGGCTACGTGGAGCGG-CTGAAGGGCATGTCCCTGCTTGTCAGGGCTGAGAGCGA--- 

Sl_1_gi_723752928   (220) TCATGTTACTGTAGATTATATAGAGAGATCAGAAGATCTAGGAT-TGCTTGTAGCTGATGAAGAAGATCA 

Sl_2_gi_723656934   (310) GCATGTAACTGTAGATTATCTAGAGAGATCAGAAGAACCAGGTT-TACTTGTAACTGATGAAGACGAGCA 

Sl_3_gi_723752936   (225) TCATGTTACTGTAGATTATATAGAGAGATCAGAAGATCTAGGAT-TGCTTGTAGCTGATGAAGAAGATCA 

Sl_4_gi_723752933   (225) TCATGTTACTGTAGATTATATAGAGAGATCAGAAGATCTAGGAT-TGCTTGTAGCTGATGAAGAAGATCA 

                          981                                                               1050 

  At_gi_334185149   (733) CGAGACGTTACTTGTTCA-TCCCA--TCAACCCTGAGGATATTTACAGGAAACAAGAAGACACAATAATC 

  Hs_gi_546231919   (974) CGGTTCTCTACTTTTAGAGTCGAAAATAAATCCTAACACTGCATACCAGAAACAACAGGACACTCTGATT 

Sl_1_gi_723752928   (289) TGAAACTTTGCTTCTGCA-CCGTA--TCAGTGCAGATGATATCTATCGGAAGCAAGAAGATACAATTATA 

Sl_2_gi_723656934   (379) TGAAACGTTGCTTCTCCA-CCGCA--TCAGTGCAGAGGATATCTACCGTAAGCAAGAAGATACAATTATT 

Sl_3_gi_723752936   (294) TGAAACTTTGCTTCTGCA-CCGTA--TCAGTGCAGATGATATCTATCGGAAGCAAGAAGATACAATTATA 

Sl_4_gi_723752933   (294) TGAAACTTTGCTTCTGCA-CCGTA--TCAGTGCAGATGATATCTATCGGAAGCAAGAAGATACAATTATA 

                          1051                                                              1120 

  At_gi_334185149   (800) TCATGGAGAGACCCAGAGCGCTCAACAGAATTGGCTTTAAGCTTTCAAGAGACTGCAGGGTGCTCTTATG 

  Hs_gi_546231919  (1044) GTGTGGTCTGAAGCAGAAAATT---ATGACTTGGCCCTTAGCTTTCAAGAAAAAGCTGGATGTGATGAAA 

Sl_1_gi_723752928   (356) TCTTGGAGGGATCCGGAGTATTCAACTGAACTAGCTCTTAGCTTTCAAGAGACGACTGGTTGCTCCTACA 

Sl_2_gi_723656934   (446) TCTTGGAGGGATCCGGAGTATTCAACTGAACTGGCTCTTAGTTTTCAGGAGACCACTGGTTGCTCATACA 

Sl_3_gi_723752936   (361) TCTTGGAGGGATCCGGAGTATTCAACTGAACTAGCTCTTAGCTTTCAAGAGACGACTGGTTGCTCCTACA 

Sl_4_gi_723752933   (361) TCTTGGAGGGATCCGGAGTATTCAACTGAACTAGCTCTTAGCTTTCAAGAGACGACTGGTTGCTCCTACA 

                          1121                                                              1190 

  At_gi_334185149   (870) TATGGGATCAAATCTGCACTATGCAACGAAATTTGCATTTCAGCTCTCTAAACAGCGAAACATTTCACAG 

  Hs_gi_546231919  (1111) TTTGGGAGAAAATATGTCAGGTTCA-AGGAAAGGACCCTTCCGTGGACATCACTCAGGACCTTGTGGATG 

Sl_1_gi_723752928   (426) TATGGGACCATATATGTAGCGTGCAAAGGAACATGCACTTCAGTAGTCTTAACAACGAGACATTTCATAG 

Sl_2_gi_723656934   (516) TATGGGACAGCATCTGTAGTGTGCAGAGAAACATGCAATTTAGTAGCCTTAATTATGAGACATTTCATAG 

Sl_3_gi_723752936   (431) TATGGGACCATATATGTAGCGTGCAAAGGAACATGCACTTCAGTAGTCTTAACAACGAGACATTTCATAG 

Sl_4_gi_723752933   (431) TATGGGACCATATATGTAGCGTGCAAAGGAACATGCACTTCAGTAGTCTTAACAACGAGACATTTCATAG 

                          1191                                                              1260 

  At_gi_334185149   (940) CTTG-----AACAGTGAGTTGAGGGAGCTTC--CTGCTG---TAGAGCTTACTACTCTTCCCCTAATA-- 

  Hs_gi_546231919  (1180) AATCTGAAGAGGAGCGTTTTGATGATATGTCATCGCCAGGCTTAGAATTGCCATCTTGTGAATTAAGTCG 

Sl_1_gi_723752928   (496) TGTC-----AACAGTGATTTGAAGGAGTTAC--CCCCCA---TTGAGCTTTCTACGCTTCCATTGATA-- 

Sl_2_gi_723656934   (586) TGCC-----AGCAGTGACTTGAGAGAACTGC--CTCCAG---TTGAGCTATCTACGCTTCCCTTGATA-- 

Sl_3_gi_723752936   (501) TGTC-----AACAGTGATTTGAAGGAGTTAC--CCCCCA---TTGAGCTTTCTACGCTTCCATTGATA-- 

Sl_4_gi_723752933   (501) TGTC-----AACAGTGATTTGAAGGAGTTAC--CCCCCA---TTGAGCTTTCTACGCTTCCATTGATA-- 

                          1261                                                              1330 

  At_gi_334185149   (998) --CTGAAGATTGTTACAGAGA--GTGGCAT----------TACAGATCAGATGCGCCTAACT---GAACT 

  Hs_gi_546231919  (1250) CCTTGAAGAAA-TTGCAGAACTTGTGGCATCATCTTTACCTTCACCTCTTCGTCGTGAAAAACTTGCACT 

Sl_1_gi_723752928   (554) --TTAAAGACGGTTGTAGAGG--GTGGCAT----------TGCTGATCAGTTGCGTGTTACC---GAACT 

Sl_2_gi_723656934   (644) --TTAAAGATAGTTGTAGAGA--GTGGTGT----------TGCTGATCAGTTGCGTGTGACA---GAACT 

Sl_3_gi_723752936   (559) --TTAAAGACGGTTGTAGAGG--GTGGCAT----------TGCTGATCAGTTGCGTGTTACC---GAACT 

Sl_4_gi_723752933   (559) --TTAAAGACGGTTGTAGAGG--GTGGCAT----------TGCTGATCAGTTGCGTGTTACC---GAACT 

                          1331                                                              1400 

  At_gi_334185149  (1051) TATTTTGAAGGATCATGATTTCTTCCGGAATCTGATGGGTGTTTTTAAAATATGCGAGGACTTGGAAAAT 

  Hs_gi_546231919  (1319) GGCACTAGAAAATGAGGGTTATATTAAAAAGCTCCTGGAGCTTTTTCATGTGTGTGAAGATTTGGAAAAT 

Sl_1_gi_723752928   (607) AATATTGAACGATCAAGATTTTTTCCATAAGCTGATGGATTTATTTAGGATTTCCGAAGATCTGGAGAAC 

Sl_2_gi_723656934   (697) AGTATTGCATGATCAAATTTTTTTCGGAAAGCTGATGGATTTATTCAGAATCTGTGAAGACCTGGAGAAT 

Sl_3_gi_723752936   (612) AATATTGAACGATCAAGATTTTTTCCATAAGCTGATGGATTTATTTAGGATTTCCGAAGATCTGGAGAAC 

Sl_4_gi_723752933   (612) AATATTGAACGATCAAGATTTTTTCCATAAGCTGATGGATTTATTTAGGATTTCCGAAGATCTGGAGAAC 

                          1401                                                              1470 

  At_gi_334185149  (1121) GTTGATGGCCTTCACATGATATTCAACATTGTCAAGGGAATCATTTTGCTTAACAGTTCTCAGATCTTGG 

  Hs_gi_546231919  (1389) ATTGAAGGACTGCACCACTTGTATGAAATTATCAAAGGCATCTTTCTCTTGAATCGAACTGCTCTTTTTG 

Sl_1_gi_723752928   (677) ATCGAGAATCTTCACATTGTTTTCAAAATAGTGAGAGGAATCATGATGCTCAATAACACTCAGATCTTTG 

Sl_2_gi_723656934   (767) GTTGACAGTCTTCACATTATTTTCAAAATAGTTAGAGGAATTATTTTTCTCAATAGTTCCCAGATCTTTG 

Sl_3_gi_723752936   (682) ATCGAGAATCTTCACATTGTTTTCAAAATAGTGAGAGGAATCATGATGCTCAATAACACTCAGATCTTTG 

Sl_4_gi_723752933   (682) ATCGAGAATCTTCACATTGTTTTCAAAATAGTGAGAGGAATCATGATGCTCAATAACACTCAGATCTTTG 

                          1471                                                              1540 

  At_gi_334185149  (1191) AGAAAATATTTGGAGATGAATTGATTATGGAGATTATCGGATGCCTTGAATATGATCCTGGTGTTCCTCA 

  Hs_gi_546231919  (1459) AAGTTATGTTCTCTGAAGAATGTATAATGGACGTCATTGGATGTTTAGAATATGATCCTGCTTTATCACA 

Sl_1_gi_723752928   (747) AAAAAATATTTGGTGATGAGCTGATAATAGATATTATTGGGTGTCTTGAATATGATCCAGATGCTCCTCA 

Sl_2_gi_723656934   (837) AAACAATATTTGGTGATGAGTTGATTATGGATATTGTTGGATGCCTTGAATATGACCCAGAGGCACCACA 

Sl_3_gi_723752936   (752) AAAAAATATTTGGTGATGAGCTGATAATAGATATTATTGGGTGTCTTGAATATGATCCAGATGCTCCTCA 

Sl_4_gi_723752933   (752) AAAAAATATTTGGTGATGAGCTGATAATAGATATTATTGGGTGTCTTGAATATGATCCAGATGCTCCTCA 

                          1541                                                              1610 

  At_gi_334185149  (1261) CTCTCAGCATCACCGGAATTTTCTGAAGGAGCATGTTGTTTTTAAGGAGAGACAAAGTCATGTTTTTTTT 

  Hs_gi_546231919  (1529) ACCACGAAAACACAGGGAATTTCTAACAAAAACAGCCAAGTTTAAAGAA--------------------- 

Sl_1_gi_723752928   (817) TGTTCA---TCATCGCAATTTTCTCAAAGAGCATGTGGTCTTTAAGGAG--------------------- 

Sl_2_gi_723656934   (907) TATCCA---TCATCGCGGTTTTCTGAAGGAGCACGTCGTAAATAAGGAG--------------------- 

Sl_3_gi_723752936   (822) TGTTCA---TCATCGCAATTTTCTCAAAGAGCATGTGGTCTTTAAGGAG--------------------- 

Sl_4_gi_723752933   (822) TGTTCA---TCATCGCAATTTTCTCAAAGAGCATGTGGTCTTTAAGGAG--------------------- 

                          1611                                                              1680 

  At_gi_334185149  (1331) GTAAGAAAAGAGCATGCTCACTATGGATGCTTTGGGATTAGCGCTATACCAATCAAAGATCCCTTAGTCC 

  Hs_gi_546231919  (1578) ------------------------------------------GTGATTCCCATATCAGATCCTGAGCTGA 

Sl_1_gi_723752928   (863) ------------------------------------------GCTATATCTATTAAAGATTCGATAGTCC 

Sl_2_gi_723656934   (953) ------------------------------------------GCTATACCTATCAAAGATACGGTAGTCC 

Sl_3_gi_723752936   (868) ------------------------------------------GCTATATCTATTAAAGATTCGATAGTCC 

Sl_4_gi_723752933   (868) ------------------------------------------GCTATATCTATTAAAGATTCGATAGTCC 

                          1681                                                              1750 

  At_gi_334185149  (1401) TGTCAAAGATACACCAGACGTACAGAATTGGTTACTTGAAGGATGTTGTTTTGGC------TAGAGTACT 

  Hs_gi_546231919  (1606) AACAAAAAATTCATCAGACATACAGAGTTCAGTATATACAAGATATGGTTCTACCAACTCCTTCGGTCTT 

Sl_1_gi_723752928   (891) TATCGAAGATACATCAAACATACCGAGTTGGCTATCTGAAGGATGCCATTTTGCC------TAGAGTGTT 

Sl_2_gi_723656934   (981) TTTCAAAGATACGTCAAACTTATAGAGTTGGCTATCTAAAGGATGTCGTGTTGGC------TCAAATGTT 

Sl_3_gi_723752936   (896) TATCGAAGATACATCAAACATACCGAGTTGGCTATCTGAAGGATGCCATTTTGCC------TAGAGTGTT 

Sl_4_gi_723752933   (896) TATCGAAGATACATCAAACATACCGAGTTGGCTATCTGAAGGATGCCATTTTGCC------TAGAGTGTT 

                          1751                                                              1820 

  At_gi_334185149  (1465) AGATGATGCTATTGTTGCAAACTTGAATTCTGTAATCCATGCGAACAATGCCATAGTAGTTTCATTGCTG 

  Hs_gi_546231919  (1676) TGAAGAAAACATGTTATCAACACTTCACTCTTTTATCTTTTTCAATAAGGTAGAGATTGTTGGCATGTTG 

Sl_1_gi_723752928   (955) GGATGATGCAATAGTTGCAAACCTTAATTCCATAATCCAGTCAAACAATGCAATTGTTGTATCTCTCTTA 

Sl_2_gi_723656934  (1045) GGATGAGGCAACAATAGCAAATCTCAATTCCATAATAAGTTCGAACAATGCAATGGTTGTATCTCGCCTG 

Sl_3_gi_723752936   (960) GGATGATGCAATAGTTGCAAACCTTAATTCCATAATCCAGTCAAACAATGCAATTGTTGTATCTCTCTTA 

Sl_4_gi_723752933   (960) GGATGATGCAATAGTTGCAAACCTTAATTCCATAATCCAGTCAAACAATGCAATTGTTGTATCTCTCTTA 

                          1821                                                              1890 

  At_gi_334185149  (1535) AAGGACGATAGCACTTTTATTCAAGAGTTATTTGCAAGGTTGAGGTCGCCTTCTACTTCTATGGAATCCA 

  Hs_gi_546231919  (1746) CAGGAAGATGAAAAATTTCTGACAGATTTGTTTGCACAACTAACAGATGAAGCAACAGATGAGGAAAAAA 

Sl_1_gi_723752928  (1025) AAAGATGATAGCACCTTCATTCAGGATTTGCTTGGAAAGTTGAAGTTGCCTTCTACATCTGCAGAATCAA 

Sl_2_gi_723656934  (1115) AAAGATGATAATGCCTTTATTCAGGAATTATTTGTGAAATTGAGGTCACCTTCTACTTCTGCAGAATCAA 

Sl_3_gi_723752936  (1030) AAAGATGATAGCACCTTCATTCAGGATTTGCTTGGAAAGTTGAAGTTGCCTTCTACATCTGCAGAATCAA 

Sl_4_gi_723752933  (1030) AAAGATGATAGCACCTTCATTCAGGATTTGCTTGGAAAGTTGAAGTTGCCTTCTACATCTGCAGAATCAA 

                          1891                                                              1960 

  At_gi_334185149  (1605) AGAAAAATTTGGTATATTTCTTGCACGAATTTTGTAGTTTAAGCAAGAGCCTCCAGGTGGTGCAGCAGCT 

  Hs_gi_546231919  (1816) GACAGGAATTGGTTAACTTTTTAAAAGAATTTTGTGCGTTTTCCCAAACGCTACAGCCTCAAAACAGAGA 

Sl_1_gi_723752928  (1095) AGAAAAATTTGGTGCACTTTTTGCACGAGTTTTGTACTTTGAGTAAGAGTTTGCAGGTGGTCCAGCAACA 

Sl_2_gi_723656934  (1185) AGAAAAAATTGATACACTTTTTGCATGAGTTTTGCACTTTGAGTAAGAGCTTACAGATGGCCCAGCAAGT 

Sl_3_gi_723752936  (1100) AGAAAAATTTGGTGCACTTTTTGCACGAGTTTTGTACTTTGAGTAAGAGTTTGCAGGTGGTCCAGCAACA 

Sl_4_gi_723752933  (1100) AGAAAAATTTGGTGCACTTTTTGCACGAGTTTTGTACTTTGAGTAAGAGTTTGCAGGTGGTCCAGCAACA 

                          1961                                                              2030 

  At_gi_334185149  (1675) GCGACTTTTTAGGGACCTTATTAATGAAGGCATTTTTCATGTCATAGAAGAAGTCTTGCAGATTCCAGAC 

  Hs_gi_546231919  (1886) TGCTTTTTTCAAGACTTTGTCAAACATGGGCATATTACCAGCTTTAGAAGTCATCCTTGGCATGGATGAT 

Sl_1_gi_723752928  (1165) TCGTCTATTTAGGGATCTTGTTAACGAAGGCATATTCGATATCATAGCTGATGTTTTGGAGAGCCAAGAC 

Sl_2_gi_723656934  (1255) TCGGCTACTCAGGGATCTTGTTAATGAGGGCATATTCGATATTATAGTTGATATTTTGCAGAGCCCTGAC 

Sl_3_gi_723752936  (1170) TCGTCTATTTAGGGATCTTGTTAACGAAGGCATATTCGATATCATAGCTGATGTTTTGGAGAGCCAAGAC 
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Sl_4_gi_723752933  (1170) TCGTCTATTTAGGGATCTTGTTAACGAAGGCATATTCGATATCATAGCTGATGTTTTGGAGAGCCAAGAC 

                          2031                                                              2100 

  At_gi_334185149  (1745) AAAAAACT----CGTATTGACTGGG------------------------------ACAGATATCCTGATT 

  Hs_gi_546231919  (1956) ACACAGGTGCGAAGTGCTGCTACTG--------------------------------ATATATTCTCATA 

Sl_1_gi_723752928  (1235) AAGAAGCT----AGTCCTGACGGGG------------------------------ACAGACATCCTCATT 

Sl_2_gi_723656934  (1325) AAAAAGCT----TGTGTTGATGGGG------------------------------ACAGACATTCTGATT 

Sl_3_gi_723752936  (1240) AAGAAGCT----AGTCCTGACGGGGTAATGGACCATATCGTTATATTTTAGCAAGACAGACATCCTCATT 

Sl_4_gi_723752933  (1240) AAGAAGCT----AGTCCTGACGGG-----------------------------------ACATCCTCATT 

                          2101                                                              2170 

  At_gi_334185149  (1781) CTTTTCTTGACTCAAGACCCCAACCTTTTACGTTCTTATGTTGTTCGGACAGAAGGAAACCCCCTCCTCG 

  Hs_gi_546231919  (1994) CTTGG-TTGAAT-ATAATCCATCCATGGTACGAGAGTTTGTCATGCAGGAGGCACAACAGAATGATGATG 

Sl_1_gi_723752928  (1271) CTTTTCTTGAACCAAGATCCAAATCTGCTGCGGTCTTATGTAATTCGCCAGGAAGGTCTTGCTCTGTTTG 

Sl_2_gi_723656934  (1361) CTTT---TGAATCAGGACCCAAATCTTCTGCGGTCTCATGTAATTCGTCAGGAAGGTCTTACTCTTTTTG 

Sl_3_gi_723752936  (1306) CTTTTCTTGAACCAAGATCCAAATCTGCTGCGGTCTTATGTAATTCGCCAGGAAGGTCTTGCTCTGTTTG 

Sl_4_gi_723752933  (1271) CTTTTCTTGAACCAAGATCCAAATCTGCTGCGGTCTTATGTAATTCGCCAGGAAGGTCTTGCTCTGTTTG 

                          2171                                                              2240 

  At_gi_334185149  (1851) GTCTCCTGGTCAAGGGAATGATGGAAGACTTTGGTGATAAGATGCACTGCCAATTTCTAGAAATT--ATC 

  Hs_gi_546231919  (2062) ATATTTTGCTCATCAACCTCATTATAGAACAT----ATGATTTGTGATACAGA--TCCTGAACTTGGAGG 

Sl_1_gi_723752928  (1341) GGCTTCTGGTCAAAGGTATGCTAACAGATTTTGAGGATGATATGCACTGCCAGTTTCTTGAAATT--CTG 

Sl_2_gi_723656934  (1428) GACTTCTGGTCAGAGGTATGCTAACAGATTTTGGTGATGACATGCACTGCCAGTTTAATGAAATT--CTT 

Sl_3_gi_723752936  (1376) GGCTTCTG-------------------------------------------------------------- 

Sl_4_gi_723752933  (1341) GGCTTCTGGTCAAAGGTATGCTAACAGATTTTGAGGATGATATGCACTGCCAGTTTCTTGAAATT--CTG 

                          2241                                                              2310 

  At_gi_334185149  (1919) CGTACCTTACTAGATGCAAATGCATTGTCTGGTGGAGCTCAGAGAGCAAATATCATGGATATTTTCTACG 

  Hs_gi_546231919  (2126) AGCAGTCCAGCTTATGGGCCTGCTTCGAACTTTAGTTGACCCAGAG--AACATGCTAGCCACTGCCAATA 

Sl_1_gi_723752928  (1409) CGCAGTCTCTTGGATTCATATGCATCA------GGATCACAGAGAGAGACCATTGTTGAAATCTTCTACG 

Sl_2_gi_723656934  (1496) CGCAGTCTATTAGATTCATATGCGTCA------GGATTACAGAGAGACACTATAGTTGAAATTTTTTATG 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1409) CGCAGTCTCTTGGATTCATATGCATCA------GGATCACAG---------------------------- 

                          2311                                                              2380 

  At_gi_334185149  (1989) AGAAGCATCTACCTGAGTTAGTGGATGTTATTACTGCCTCATGTCCT-----GAGAAGTCGAGCAACGCA 

  Hs_gi_546231919  (2194) AAACAGAAAAGACTGAATTTCTGGG-----TTTCTTCTACAAGCACTG----TATGCATGTTCTCACTGC 

Sl_1_gi_723752928  (1473) AGAAGCACTTAAGTCAACTCATTGATGTTATAACATCATCTTGCCCGAGTCCGACGGATGGTATCACGCA 

Sl_2_gi_723656934  (1560) AGAAGCACCTAACTGGATTGGTTCAAGCTATAACATTATCCTGCCCC----CCAAAAGGGGATTCACTAT 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2381                                                              2450 

  At_gi_334185149  (2054) -------------TCTGAAGGTGCTGCCAGAAGGATTTTCACA------------AAGCCTGAAGTCCTG 

  Hs_gi_546231919  (2255) TCCTTT-ACTA--GCAAATACAACAGAAGACAAACCTAGTAAAGATGATTTTCAGACTGCCCAACTATTG 

Sl_1_gi_723752928  (1543) AGCTGTCAGTAACTCTGAGAGTTCTGATGGAGGAACTGGAAAGCAAAGTAGTTACAAGCCTGAAATACTA 

Sl_2_gi_723656934  (1626) --CAGTCAGTGAGTCTGCAAACTCTGATGGAGGAAATGTGAAGCAAAGTTGTGTGAAGCCTGAAATACTG 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2451                                                              2520 

  At_gi_334185149  (2099) TTGAACATATGTGAATTGTTGTGCTTTTGCATTATGCAAGATGCATCCAGGACAAAATGCAGTTTTCTCC 

  Hs_gi_546231919  (2322) GCACTTGTATTGGAATTGTTAACATTTTGTGTGGAGCACCATACCTACCACATAAAGAACTACATTATTA 

Sl_1_gi_723752928  (1613) CTAAATATTTGTGATCTCCTATGTTTTTGTATCGTGCACCATCCTTATAGAATAAAGTGCAACTTTCTTC 

Sl_2_gi_723656934  (1694) CTAAATATATGTGAACTCTTATGTTTTTGTGTCGTGCACCATCCTTATAGAATAAAGTGCAGCTTTCTTC 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2521                                                              2590 

  At_gi_334185149  (2169) AAAACAATGTGACTGAAAAGGTTTTGCATCTCACACGGAGAAAGGAAAAATACCTAGTGGTCGCTGCTAT 

  Hs_gi_546231919  (2392) ATAAGGATATCCTCCGGAGAGTGCTAGTTCTTATGGCCTCGAAGCATGCTTTCTTGGCATTATGTGCCCT 

Sl_1_gi_723752928  (1683) TTAATAATGTGATAGATAAAGTTCTTTTTCTGACACGAAGAAAAGAGAAGTACCTGGTAGTTGCTGCTGT 

Sl_2_gi_723656934  (1764) TTAATAATGTGGTAGATAAAGTTCTGTTGTTGACACGAAGAAGAGAAAAGTACCTAGTACTTGCTGCTGT 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2591                                                              2660 

  At_gi_334185149  (2239) ACGATTTGTCCGTACTCTCCTCTCTGTCCATGATGATTATGTCCAGAATTACGTGGTTAAAAACAACTTG 

  Hs_gi_546231919  (2462) TCGTTTTAAAAGAAAGATTATTGGATTAAAAGATGAGTTTTACAACCGCTACATAATGAAAAGTTTTTTG 

Sl_1_gi_723752928  (1753) TAGATTTATGAGAACTCTTATTTCCCGCAATGATGAGCATTTGATGAACTACATAGCAAAGCACAATCTC 

Sl_2_gi_723656934  (1834) TAGATTCGTGAGAACTCTTATTACCCGCAATGATGAGTATTTGATGAATCATATCGCCGAGAAGAATCTT 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2661                                                              2730 

  At_gi_334185149  (2309) TTGAAACCGATCATAGATGTCTTCATTGCCAATGGAACCCGGTACAATCTGCTGAACTCTGCAGTCTTGG 

  Hs_gi_546231919  (2532) TTTGAACCAGTAGTGAAAGCATTTCTCAACAATGGATCCCGCTACAATCTGATGAACTCTGCCATAATAG 

Sl_1_gi_723752928  (1823) CTAAAACCTGTTGTTGATGTCTTTGTTGCTAATGGAGATCGCTACAATCTTCTAAACTCAGCTGTTCTTG 

Sl_2_gi_723656934  (1904) TTAAAACCAATTGTTAATGCTTTTGTTGCTAATGGAGATCGCTATAATCTTCTGAACTCGGCTGTTCTAG 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2731                                                              2800 

  At_gi_334185149  (2379) ATCTGCTTGAGCACATACGCAAGGGAAATGCAACTCTGTTGCTCAAATACATAGTTGATACGTTCTGGGA 

  Hs_gi_546231919  (2602) AGATGTTTGAATTTATTAGAGTGGAAGATATAAAATCATTAACTGCTCATGTAATTGAAAATTACTGGAA 

Sl_1_gi_723752928  (1893) AACTTTTTGAGCATATTCGTAAGGATAACTTGAAAATATTGCTCAAGTATTTAGTCGACTCATTCTGGGA 

Sl_2_gi_723656934  (1974) AGCTTTTTGAGTACATCCGTAAGGACAACTTAAAAATACTGCTCAAGTATTTAGTTGACTCATTCTGGGA 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2801                                                              2870 

  At_gi_334185149  (2449) CCAGTTGGCCCCATTTCAGTGCTTGACCTCCATCCAGGCTTTCAAGGTTAAGTATGAACAGT-------- 

  Hs_gi_546231919  (2672) AGCACTGGAAGATGTAGATTATGTACAGACATTTAAAGGATTAAAACTGAGATTTGAACAACAAAGAGAA 

Sl_1_gi_723752928  (1963) TGAATTGGTCAAGTTTGAAAAGTTGACATCTATCCAATCATTGAAAATTAAATATGAGCAGT-------- 

Sl_2_gi_723656934  (2044) TGAGTTGGTCAAGTTCGAAAAGTTCTCATCCATCAACTCTCTGAAAGTTAAATATGAGCAGT-------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2871                                                              2940 

  At_gi_334185149  (2511) -GTTTAGAAAGTGCCGGACCAAAAAGCACTTCTGATGCGGTTGAT---CCAAGAAGAAGAGTTGACGAGC 

  Hs_gi_546231919  (2742) AGGCAAGATAATCCCAAACTTGACAGTATGCGTTCCATTTTGAGGAATCACAGATATCGAAGAGATGCCA 

Sl_1_gi_723752928  (2025) -CTCTAGACAGCGCAGGAATAAGAAGTATCGGCAATCTATTAGATGACCCTAGGAAACGAGTTGATGACC 

Sl_2_gi_723656934  (2106) -CCCTGGAGGATTCAGGGATTAGAAGTGTTGGTAATTTATTAGAC---CCAAGGAAACGAGTTGATGAGC 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          2941                                                              3010 

  At_gi_334185149  (2577) GGGCATTGGAGAAAGAGGAAGAAGATTATTTCAATGAAGACAGCGATGA---AGAAGAT----------- 

  Hs_gi_546231919  (2812) GAACACTAGAAGATGAAGAAGAGATGTGGTTTAACACAGATGAAGATGACATGGAAGATGGAGAAGCTGT 

Sl_1_gi_723752928  (2094) GTTGTTTAGAGAAAGAAGAAGAAGAATATTTCAATGAAGAGAGTGACGA---GGAAGAT----------- 

Sl_2_gi_723656934  (2172) GTAGTTTAGAGAAAGAAGAAGAAGATTATTTCAACAAAGAGAGTGATGA---GGAAGAT----------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3011                                                              3080 

  At_gi_334185149  (2633) ----TCAGCCTCTGCTT---CTAATACACAAAAGGAAAAACCTGCTTCT-------AATATACAGAAAGA 

  Hs_gi_546231919  (2882) AGTGTCTCCATCTGACAAAACTAAAAATGATGATGATATTATGGATCCAATAAGTAAATTCATGGAAAGG 

Sl_1_gi_723752928  (2150) ----TCTGCCTCAGCAT---CCGTGAC-------------------T---------AATGCAAGTAGAGC 

Sl_2_gi_723656934  (2228) ----TCTACATCAGCCT---CTGGAGC-----------G-----------------AATGCAAGCAGAGT 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3081                                                              3150 

  At_gi_334185149  (2689) ACAACCTAAGCCTCATCTCTCCAAT-GGAGTGGCTGC---AAGCCCTACTTCTTCAAGTCCGAGGTCTGG 

  Hs_gi_546231919  (2952) AAGAAATTAAAAGAAAGTGAGGAAAAGGAAGTGCTTCTGAAAACAAACCTTTCTGGACGGCAGAGCCCAA 

Sl_1_gi_723752928  (2185) GCAGTCTCAGCCGGCCTTGCCTAAT-GGATCTGTTCC---AAG------TGTCTCACCCATGAGATCTGG 

Sl_2_gi_723656934  (2263) GAAGTCTCAACTGGCTGTGCCGAAT-GGATCTGCTCC---GAGC------TACACATCTGATAGATCCGG 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3151                                                              3220 

  At_gi_334185149  (2755) AGGCTTGGTTGATTATGAGGACGATGAAGATGATGAAGACTATAAACCTC----CTCCGCGGAAACAGCC 

  Hs_gi_546231919  (3022) GTTTCAAGCTTTCCCTGTCCAGTGGAACGAAGACTAACCTCACCAGCCAGTCATCTACAACAAATCTGCC 

Sl_1_gi_723752928  (2245) GGGGCTTGTTGATTATGATGATGATGAGGATGATGAAGATTATAAGCCAC----CACTTAGGAAGCAGTC 

Sl_2_gi_723656934  (2323) GGGAGTTGTTGATTCTGGGGATGACGACATCGATGAAGATTATAAGCCAC----CACCTAAGAAGCAGTC 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3221                                                              3290 

  At_gi_334185149  (2821) AGAAGCCTCTGAGGATGAGGA---AGGCGAGCTCC-----TGAGGCTGAAACGAAAATCCGCTCTTGTAG 

  Hs_gi_546231919  (3092) TGGTTCTCCGGGATCACCTGGATCCCCAGGATCTCCAGGCTCTCCTGGATCCGTACCTAAAAATACATCT 

Sl_1_gi_723752928  (2311) AGATAATTCTGATGAAGATGGGTCAGTGGAGTCTT-----TCCCATTGAAACGTAA----GCTATTGCAG 

Sl_2_gi_723656934  (2389) AGATACTTCTGATGAAGATGG---AGCAGACTCTT-----TCCCATTGAAACGGAA----GGTGGCTCCC 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3291                                                              3360 

  At_gi_334185149  (2883) AAAGA-GAACAAGAGCCGTCCAAGAAACCACGGCTGGGGAAAAGTTCGAAAA---GGGAAAATGTATTTG 

  Hs_gi_546231919  (3162) CAGACGGCAGCTATTACTACAAAGGGAGGCCTCGTGGGTCTGGTAGATTATCCTGATGATGATGAAGATG 

Sl_1_gi_723752928  (2372) AAAGATGAGTCTGAGCCAAAAAGGTTGCAGCTTATTGCTAAAGGTTCAAAGTCTCGAGACAGTGTTTTTG 

Sl_2_gi_723656934  (2447) AAAAAAGACCCTGAGCCAAAAAGGTTGCAATGTGTTGTTAAGGGTTCTAAATCAAGGGACACTGTTTTTG 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3361                                                              3430 

  At_gi_334185149  (2949) CTGTGCTATGTTCGACACTGAGCCATGCAGTGCTTACGGGTAAGAAAAGTCCAGGCCCCGCTGGA----- 

  Hs_gi_546231919  (3232) ATGATG-AGGATGAAGATAAGG--AAGATACGTTACCATTGTCAAAGAAAGCAAAATTTGATTCATAATA 

Sl_1_gi_723752928  (2442) CTGCTTTATGCTCAACCTTAAGTCAAGCAGTTTTACCCGCTAAAAAGATGGGTAGTACAGTACAA----- 

Sl_2_gi_723656934  (2517) CTGCTTTATGCTCTACCTTAAGTCAAGCTGTGTTGCCCTCCAAAACTACAGAAAGTCCTGCTGGTAATGG 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3431                                                              3500 

  At_gi_334185149  (3014) ----TCAGCAGCCCG-----GTCAAT----AGTAGCGAAAGGAG---------------CTGAGGATTCA 

  Hs_gi_546231919  (3299) ATGGCAACGGCCTAGGATCAGTACCTGT--TGAAAAAAACTGGTTCTCCACCCCTCCCCCATACAAAATC 

Sl_1_gi_723752928  (2507) ----GATGGTCCATG-----CTCAGA----TGGAGATGAGAAAT---------------CTGTCGAGTCC 

Sl_2_gi_723656934  (2587) GAGTGCTGCACCAGGTAGCCCTCAATCTGATGAAAACAAGAGAT---------------CTGTTGAGGCT 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3501                                                              3570 

  At_gi_334185149  (3056) AA--AAGTAGTGAAGAGAA----TAATAGC-AGCAGTTCAGATGATGAGAATCATAAGGATGATGGAGTA 

  Hs_gi_546231919  (3367) CACAACAAAGCGCAGTGGTCTCTTGTGAATGACTGACACAGATCAGCCTCTTACACTTGACTTCTGCTCA 

Sl_1_gi_723752928  (2549) AACCATGAGGAGAAGGGGAATTCTACTGAC-AATGGGAGTGCTGGTTTGGATAATCATGACCACCGAGAA 

Sl_2_gi_723656934  (2642) AACCATGATGAGGAAGGGAGTCTTTCTAAT-AATGGTAATGCTGATTTTGAAAATCATGCCAACAAACAA 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3571                                                              3640 

  At_gi_334185149  (3119) TCGAGT---------------TCTGAA------CATGAA-ACATCAGACAATGGAAAGCTAAATGGGGAA 

  Hs_gi_546231919  (3437) TCAAGTGCCAATTCAATGGAGCAGGAGGAGGGGATATCATATATTTAGGGGAAAGACTTAAGCCTTTGAG 

Sl_1_gi_723752928  (2618) CCAAATGGTCCAAAAAGTTATTCTGAAA----GCATGCACAGTTCTCCCGATAATAGGCAGAGAGGAGAG 

Sl_2_gi_723656934  (2711) GCAACTTCACCTAAAAAAATTTCTGAAA----GCTTGCACAAATCTCCAGATAGTAGGGAGCACGAAGAA 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3641                                                              3710 

  At_gi_334185149  (3167) GAATCTCTGGTAGTAGCTCCAAAATCATCACCT--------GAAATGGCTGTAAATGG--ATCCTGAGA- 

  Hs_gi_546231919  (3507) CTCTCCAGCTTGGACCACACATTGCCCTTTTCTCAGGGAAGGAAATGGAAACAAAAAGCCAACAGGGCAG 

Sl_1_gi_723752928  (2684) GACTATCCATTGATACCTCCAAAATCATCGCCT--------GAAATGGCTGTAAATGG--ATCATGACGA 

Sl_2_gi_723656934  (2777) GACTGTCCGTTGATACAACCAAAGTCATCTCCT--------GAAATGGCTGTAAATGG--ATCGTAATA- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3711                                                              3780 

  At_gi_334185149  (3226) ---TTTTAACAC----------TCTGGACTCTTTAGTTG---------TGGCTGGGGATGGAAGGCACTC 

  Hs_gi_546231919  (3577) GGGTTTTGTAAGTGGAACTCTGGATTGACTGGTCAGTTGCTACAATCAGAATATGCTTTCTTGGACCATG 

Sl_1_gi_723752928  (2744) CTCTTTTGAGATCGTCATGCTATTTTGACTCCTACCATGATC------TACCAGATATTGCTTGAGCATG 

Sl_2_gi_723656934  (2836) ---TTTCAAGATTCGTG---AATACCATTTTGGTCCCTGTTA------TGATCAACTATCTTTGAGCATG 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3781                                                              3850 

  At_gi_334185149  (3274) TCATGGGTGCA----AATAAAACC-T------TCAGAGTGC-AGACTGAGACAT---GATAAACCGCAAA 

  Hs_gi_546231919  (3647) TTTGAGACTCAGAAGAATGGGCCTTTCTGCCATAATTCTTCACTAGTCAAGAATGCCAGCAGTTTCTTTG 

Sl_1_gi_723752928  (2808) TGCTTGCTTCA----AATCAGCCC-TATG---TACAACTTC-AACATGAGTGAT---GTTCTAACAGGCA 

Sl_2_gi_723656934  (2894) CGCTTG-TGCA----TATAAGCTAATTTG---TACAAGTTCCAGAGCAAGAATTT--GGTTAGTTGGTGA 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3851                                                              3920 

  At_gi_334185149  (3329) AGAAAAGCTTTGGGCAACCAAACGGAGGAAGAAATGTATAGTGAGCGC---------------------- 

  Hs_gi_546231919  (3717) TATAAAGAGACCTGCCTTTAAAATCATACATTCTGAACATTTTAGTCAAGCTACAACAGGTTTGGAAAAC 

Sl_1_gi_723752928  (2866) ATTCGATTGTTGAATTTCGTAACTATTGGTGGAGGGGAGTCTGTACAGTGTTGTTGCAAGCCTGCGGAGA 

Sl_2_gi_723656934  (2954) TGTTGGGATTT---TATGAATATTGGTGGAGAAGAGTATGTACAGTGCTGTTACAAGCATGGGGAGAGAT 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3921                                                              3990 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (3787) CTCTGTGGGGGAGGGGCGAGTATAAAGTTTTCCTCTTTTTTAACTGTTCCCTTTGCCCTTCAAACTGCAG 

Sl_1_gi_723752928  (2936) GATTAGCCATCGTGTTGAGTTCTCTTTTGTTTAGCATTTCCAATTGCTCCTGTAAAACATTACATAGCTA 

Sl_2_gi_723656934  (3021) AAGTGGCTTCCCCATTGCTAGAGAATTTTCTTCTATTCTTTACTTCTACTTTTTCCCATTTTCCTTAGTT 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          3991                                                              4060 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (3857) ATATTTTTTTTTTTAAGTGGGGACTTCTCCCTACTTGATTAAAGATTGAGTGGAATTCTAGATGTGGTCA 

Sl_1_gi_723752928  (3006) TAGAATTTTGTTACAACTATTC---TTTCGGTTTTATCTTTACCCTTAACTCCATCTTCATTT-TCCTTA 

Sl_2_gi_723656934  (3091) ATGTGAACCATATGTAGTAGGG---CATCAATTTTTGACCTTGCAAGGTGTTCTTGCGTCTAA-TGGTCA 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4061                                                              4130 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (3927) TTTGTGTCATAATTTTTTTGTTTTATTTTGTTTTTGATTTTTTTTTTCCTCCCCTGAGTGTATGCTTAGT 

Sl_1_gi_723752928  (3072) GTTATGTGCACTTGTATGTAATGTATAGGGCACCAACTTTTGCCCTTAAAAGGTTTATTCTTCAATTTAG 

Sl_2_gi_723656934  (3157) ATGGTGATCAACAGTTACTGTGGGAGGTTAGTGAATCCTGTTGAGGCCAAGTTTCCTAATGTGTGTAACT 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4131                                                              4200 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (3997) TGTTGAGTATATATATTTGGGACCATTAAAACTTTTTTTGATGTAATATAACCTAACGTTGTGCTGGTAC 

Sl_1_gi_723752928  (3142) AGAGGTCAGTGTTGCTTGAGGCCAAATTTTCTGTTTCAATGCCTAATTGTATATGAAAA----------- 

Sl_2_gi_723656934  (3227) TATAGGGAATTGTACATTATCGTAATTCCAGTAATATGTTGTCTACTAGTAAATATATTTGAGAACACAC 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4201                                                              4270 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (4067) CTGTTTTACCATGTGTAATTTTTGTTCTACATCACAGTTCTTAATTTGTTTAGAGTTTTATGAAAGATGG 

Sl_1_gi_723752928  (3201) ---------------------------------------------------------------------- 

Sl_2_gi_723656934  (3297) AC-TGGTGGCAAGACAAATAGTGAAAGCTAATGCTGTTCCATCTTCTTTGCTGCTTTTCA---------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4271                                                              4340 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (4137) TATAGTTTTTATTGACAAAAGCAAAGTAATCTTACAACTATGTGCATACAAAAGCAATACTATTTTGTGA 

Sl_1_gi_723752928  (3201) ---------------------------------------------------------------------- 

Sl_2_gi_723656934  (3356) ---------------------------------------------------------------------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4341                                                              4410 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (4207) CTAAATATTTTATATTAAAATTTACATCAGCAACTGTCTTGAGAATTCAGGGAAATAGAATGGAATTTAA 

Sl_1_gi_723752928  (3201) ---------------------------------------------------------------------- 

Sl_2_gi_723656934  (3356) ---------------------------------------------------------------------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4411                                                              4480 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (4277) AACTTCAACAGTTTTGTTAAATCTAGAAACATGAAATTAGTATTCCAAAGAGATTCTGAAATTTCTTTTC 

Sl_1_gi_723752928  (3201) ---------------------------------------------------------------------- 

Sl_2_gi_723656934  (3356) ---------------------------------------------------------------------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4481                                                              4550 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (4347) TTGGGGAAATGACGGTACATTAAATCAAAATTGAGGATGGATGATTTAAAAACATTTGACTTTTGAATAA 

Sl_1_gi_723752928  (3201) ---------------------------------------------------------------------- 

Sl_2_gi_723656934  (3356) ---------------------------------------------------------------------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4551                                                              4620 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (4417) TAAAAAGAAAAGTGAAGAGTAAGAGAAATTGTATTAGTTGTATGTTTCTTGTTTTTGTTTTTAACTACTC 

Sl_1_gi_723752928  (3201) ---------------------------------------------------------------------- 

Sl_2_gi_723656934  (3356) ---------------------------------------------------------------------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4621                                                              4690 

  At_gi_334185149  (3377) ---------------------------------------------------------------------- 

  Hs_gi_546231919  (4487) CCTTTGGAATACCAGTTTGACTTGTAAGTGGTGGTTTCTAAATAAATACCTGGCCAGAGGACCATCACCT 

Sl_1_gi_723752928  (3201) ---------------------------------------------------------------------- 

Sl_2_gi_723656934  (3356) ---------------------------------------------------------------------- 

Sl_3_gi_723752936  (1384) ---------------------------------------------------------------------- 

Sl_4_gi_723752933  (1445) ---------------------------------------------------------------------- 

                          4691          4708 

  At_gi_334185149  (3377) ------------------ 

  Hs_gi_546231919  (4557) GTCACCTTATTAAAACAG 

Sl_1_gi_723752928  (3201) ------------------ 

Sl_2_gi_723656934  (3356) ------------------ 

Sl_3_gi_723752936  (1384) ------------------ 

Sl_4_gi_723752933  (1445) ------------------ 
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3.4.4 Selecting PSY2L homolog for generating gRNAs 

3.4.4.1 Sl-PSY2L-1 (Solyc12g099320.1.1) has 64% homology with Arabidopsis  

 

 

http://www.ncbi.nlm.nih.gov/gene/?term=XP_004252921.1  

 

Sl_1_gi|72

3752928 

http://www.ncbi.nlm.nih.gov/gene/?term=XP_004252921.1
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3.4.4.2 Sl-PSY2L-2 (Solyc01g???) has 61% homology with Arabidopsis  

http://www.ncbi.nlm.nih.gov/gene/?term=XP_004229001.1 (61%)…. I 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…. 

 

                       1                                                                             80 

At_gi_332640917    (1) -------MGAPEKSQSNTNS-MQRVKVYHLNEDGKWDDRGTGHVSIDFVERSEELSLCVIDEEDNETLLVHPINPEDIYR 

Sl_gi_460415146    (1) -------MGAQEKSSNSSNP-MQRVKVYRLNDDGKWDDQGTGHVTVDYIERSEDLGLLVADEEDHETLLLHRISADDIYR 

Sl_gi_460366250    (1) MISVVASMGAQEKSSSTNNSSIQRVKVYRLNDDGKWDDQGTGHVTVDYLERSEEPGLLVTDEDEHETLLLHRISAEDIYR 

Sl_gi_723752937    (1) -------MGAQEKSSNSSNP-MQRVKVYRLNDDGKWDDQGTGHVTVDYIERSEDLGLLVADEEDHETLLLHRISADDIYR 

Sl_gi_723752934    (1) -------MGAQEKSSNSSNP-MQRVKVYRLNDDGKWDDQGTGHVTVDYIERSEDLGLLVADEEDHETLLLHRISADDIYR 

Hs_gi_546231920    (1) -----------------MTDTRRRVKVYTLNEDRQWDDRGTGHVSSGYVERLKGMSLLVRAESDGSLLLESKINPNTAYQ 

       _clipseq    (1) -------------------------------------------------------------------------------- 

                       81                                                                           160 

At_gi_332640917   (73) KQEDTIISWRDPERSTELALSFQETAGCSYVWDQICTMQ--------RNLHFSSLNSETFHSLNSELRELPAVELTTLPL 

Sl_gi_460415146   (73) KQEDTIISWRDPEYSTELALSFQETTGCSYIWDHICSVQ--------RNMHFSSLNNETFHSVNSDLKELPPIELSTLPL 

Sl_gi_460366250   (81) KQEDTIISWRDPEYSTELALSFQETTGCSYIWDSICSVQ--------RNMQFSSLNYETFHSASSDLRELPPVELSTLPL 

Sl_gi_723752937   (73) KQEDTIISWRDPEYSTELALSFQETTGCSYIWDHICSVQ--------RNMHFSSLNNETFHSVNSDLKELPPIELSTLPL 

Sl_gi_723752934   (73) KQEDTIISWRDPEYSTELALSFQETTGCSYIWDHICSVQ--------RNMHFSSLNNETFHSVNSDLKELPPIELSTLPL 

Hs_gi_546231920   (64) KQQDTLIVWSEAEN-YDLALSFQEKAGCDEIWEKICQVQGKDPSVDITQDLVDESEEERFDDMSSPGLELPSCELSRLEE 

       _clipseq    (1) -------------------------------------------------------------------------------- 

                       161                                                                          240 

At_gi_332640917  (145) ILKIVTESGITDQMR-LTELILKDHDFFRNLMGVFKICEDLENVDGLHMIFNIVKGIILLNSSQILEKIFGDELIMEIIG 

Sl_gi_460415146  (145) ILKTVVEGGIADQLR-VTELILNDQDFFHKLMDLFRISEDLENIENLHIVFKIVRGIMMLNNTQIFEKIFGDELIIDIIG 

Sl_gi_460366250  (153) ILKIVVESGVADQLR-VTELVLHDQIFFGKLMDLFRICEDLENVDSLHIIFKIVRGIIFLNSSQIFETIFGDELIMDIVG 

Sl_gi_723752937  (145) ILKTVVEGGIADQLR-VTELILNDQDFFHKLMDLFRISEDLENIENLHIVFKIVRGIMMLNNTQIFEKIFGDELIIDIIG 

Sl_gi_723752934  (145) ILKTVVEGGIADQLR-VTELILNDQDFFHKLMDLFRISEDLENIENLHIVFKIVRGIMMLNNTQIFEKIFGDELIIDIIG 

Hs_gi_546231920  (143) IAELVASSLPSPLRREKLALALENEGYIKKLLELFHVCEDLENIEGLHHLYEIIKGIFLLNRTALFEVMFSEECIMDVIG 

       _clipseq    (1) -------------------------------MDLFRICEDLENVDSLHIIFKIVRGIIFLNSSQIFETIFGDELIMDIVG 

                       241                                                                          320 

At_gi_332640917  (224) CLEYDPGVPHSQHHRNFLKEHVVFKERQSHVFFVRKEHAHYGCFGISAIPIKDPLVLSKIHQTYRIGYLKDVVL--ARVL 

Sl_gi_460415146  (224) CLEYDPDAPH-VHHRNFLKEHVVFKEAIS---------------------IKDSIVLSKIHQTYRVGYLKDAIL--PRVL 

Sl_gi_460366250  (232) CLEYDPEAPH-IHHRGFLKEHVVNKEAIP---------------------IKDTVVLSKIRQTYRVGYLKDVVL--AQML 

Sl_gi_723752937  (224) CLEYDPDAPH-VHHRNFLKEHVVFKEAIS---------------------IKDSIVLSKIHQTYRVGYLKDAIL--PRVL 

Sl_gi_723752934  (224) CLEYDPDAPH-VHHRNFLKEHVVFKEAIS---------------------IKDSIVLSKIHQTYRVGYLKDAIL--PRVL 

Hs_gi_546231920  (223) CLEYDPALSQPRKHREFLTKTAKFKEVIP---------------------ISDPELKQKIHQTYRVQYIQDMVLPTPSVF 

       _clipseq   (50) CLEYDPEAPH-IHHRGFLKEHVVNKEAIP---------------------IKDTVVLSKIRQTYRVGYLKDVVL--AQML 

                       321                                                                          400 

At_gi_332640917  (302) DDAIVANLNSVIHANNAIVVSLLKDDSTFIQELFARLRSPSTSMESKKNLVYFLHEFCSLSKSLQVVQQLRLFRDLINEG 

Sl_gi_460415146  (280) DDAIVANLNSIIQSNNAIVVSLLKDDSTFIQDLLGKLKLPSTSAESKKNLVHFLHEFCTLSKSLQVVQQHRLFRDLVNEG 

Sl_gi_460366250  (288) DEATIANLNSIISSNNAMVVSRLKDDNAFIQELFVKLRSPSTSAESKKKLIHFLHEFCTLSKSLQMAQQVRLLRDLVNEG 

Sl_gi_723752937  (280) DDAIVANLNSIIQSNNAIVVSLLKDDSTFIQDLLGKLKLPSTSAESKKNLVHFLHEFCTLSKSLQVVQQHRLFRDLVNEG 

Sl_gi_723752934  (280) DDAIVANLNSIIQSNNAIVVSLLKDDSTFIQDLLGKLKLPSTSAESKKNLVHFLHEFCTLSKSLQVVQQHRLFRDLVNEG 

Hs_gi_546231920  (282) EENMLSTLHSFIFFNKVEIVGMLQEDEKFLTDLFAQLTDEATDEEKRQELVNFLKEFCAFSQTLQPQNRDAFFKTLSNMG 

       _clipseq  (106) DEATIANLNSIISSNNAMVVSRLKDDNAFIQELFVKLRSPSTSAESKKKLIHFLHEFCTLSKSLQMAQQVRLLRDLVNEG 

                       401                                                                          480 

At_gi_332640917  (382) IFHVIEEVLQIPDKKLVLTGTDILILFLTQDPNLLRSYVVRTEGN-----PLLGLLVKGMMEDFGDKMH--CQFLEIIRT 

Sl_gi_460415146  (360) IFDIIADVLESQDKKLVLTGTDILILFLNQDPNLLRSYVIRQEGL-----ALFGLLVKGMLTDFEDDMH--CQFLEILRS 

Sl_gi_460366250  (368) IFDIIVDILQSPDKKLVLMGTDILILLN-QDPNLLRSHVIRQEGL-----TLFGLLVRGMLTDFGDDMH--CQFNEILRS 

Sl_gi_723752937  (360) IFDIIADVLESQDKKLVLTG------------------------------------------------------------ 

Sl_gi_723752934  (360) IFDIIADVLESQDKKLVLTGHPHSFLEPRSKSAAVLCNSPGRSCS-----VWASGQRYANRF------------------ 

Hs_gi_546231920  (362) ILPALEVILGMDDTQVRSAATDIFSYLVEYNPSMVREFVMQEAQQNDDDILLINLIIEHMICDTDPELGGAVQLMGLLRT 

       _clipseq  (186) IFDIIVDILQSPDKKLVLMGTDILILLN-QDPNLLRSHVIRQEGL-----TLFGLLVRGMLTDFGDDMH--CQFNEILRS 

                       481                                                                          560 

At_gi_332640917  (455) LLDANALSG---GAQRANIMDIFYEKHLPELVDVITASCPE----------KSSNASEGAARRIFTKPEVLLNICELLCF 

Sl_gi_460415146  (433) LLDSYAS-----GSQRETIVEIFYEKHLSQLIDVITSSCPSPTDGITQAVSNSESSDGGTGKQSSYKPEILLNICDLLCF 

Sl_gi_460366250  (440) LLDSYAS-----GLQRDTIVEIFYEKHLTGLVQAITLSCPPK--GDSLSVSESANSDGGNVKQSCVKPEILLNICELLCF 

Sl_gi_723752937  (380) -------------------------------------------------------------------------------- 

Sl_gi_723752934  (417) -------------------------------------------------------------------------------- 

Hs_gi_546231920  (442) LVDPENMLATANKTEKTEFLGFFYKHCMHVLTAPLLANTTEDK----------------PSKDDFQTAQLLALVLELLTF 

       _clipseq  (258) LLDSYAS-----GLQRDTIVEIFYEKHLTGLVQAITLSCPPK--GDSLSVSESANSDGGNVKQSCVKPEILLNICELLCF 

                       561                                                                          640 

At_gi_332640917  (522) CIMQDASRTKCSFLQNNVTEKVLHLTRRKEKYLVVAAIRFVRTLLSVHDDYVQNYVVKNNLLKPIIDVFIANGTRYNLLN 

Sl_gi_460415146  (508) CIVHHPYRIKCNFLLNNVIDKVLFLTRRKEKYLVVAAVRFMRTLISRNDEHLMNYIAKHNLLKPVVDVFVANGDRYNLLN 

Sl_gi_460366250  (513) CVVHHPYRIKCSFLLNNVVDKVLLLTRRREKYLVLAAVRFVRTLITRNDEYLMNHIAEKNLLKPIVNAFVANGDRYNLLN 

Sl_gi_723752937  (380) -------------------------------------------------------------------------------- 

Sl_gi_723752934  (417) -------------------------------------------------------------------------------- 

Hs_gi_546231920  (506) CVEHHTYHIKNYIINKDILRRVLVLMASKHAFLALCALRFKRKIIGLKDEFYNRYIMKSFLFEPVVKAFLNNGSRYNLMN 

       _clipseq  (331) CVVHHPYRIKCSFLLNNVVDKVLLLTRRREKYLVLAAVRFVRTLITRNDEYLMNHIAEKNLLKPIVNAFVANGDRYNLLN 

                       641                                                                          720 

At_gi_332640917  (602) SAVLDLLEHIRKGNATLLLKYIVDTFWDQLAPFQCLTSIQAFKVKYEQCLE---SAGPKSTSDAVDP-RRRVDERALEKE 

Sl_gi_460415146  (588) SAVLELFEHIRKDNLKILLKYLVDSFWDELVKFEKLTSIQSLKIKYEQSLD---SAGIRSIGNLLDDPRKRVDDRCLEKE 

Sl_gi_460366250  (593) SAVLELFEYIRKDNLKILLKYLVDSFWDELVKFEKFSSINSLKVKYEQSLE---DSGIRSVGNLLDP-RKRVDERSLEKE 

Sl_gi_723752937  (380) -------------------------------------------------------------------------------- 

Sl_gi_723752934  (417) -------------------------------------------------------------------------------- 

Hs_gi_546231920  (586) SAIIEMFEFIRVEDIKSLTAHVIENYWKALEDVDYVQTFKGLKLRFEQQRERQDNPKLDSMRSILRNHRYRRDARTLEDE 

       _clipseq  (411) SAVLELFEYIRKDNLKILLKYLVDSFWDELVKFEKFSSINSLKVKYEQSLE---DSGIRSVGNLLDP-RKRVDERSLEKE 

                       721                                                                          800 

At_gi_332640917  (678) EEDYFNEDSDEEDSASASNTQKEKPASNIQKEQPKPHLSNGVAASPTSSSPRSGGLVDYEDDEDDEDYKPPPRKQPEASE 

Sl_gi_460415146  (665) EEEYFNEESDEEDSASASVTNASRAQS-------QPALPNG--SVPSVSPMRSGGLVDYDDDEDDEDYKPPLRKQSDNSD 

Sl_gi_460366250  (669) EEDYFNKESDEEDSTSASGANASRVKS-------QLAVPNG--SAPSYTSDRSGGVVDSGDDDIDEDYKPPPKKQSDTSD 

Sl_gi_723752937  (380) -------------------------------------------------------------------------------- 

Sl_gi_723752934  (417) -------------------------------------------------------------------------------- 

Hs_gi_546231920  (666) EEMWFNTDEDDMEDGEAVVSPSDKTKN-------------------------------------DDDIMDPISKFMERKK 

       _clipseq  (487) EEDYFNKESDEEDSTSASGANASRVKS-------QLAVPNG--SAPSYTSDRSGGVVDSGDDDIDEDYKPPPKKQSDTSD 

                       801                                                                          880 

At_gi_332640917  (758) DEEGELLRLKRKSALVEREQEPSKKPRLGKSSK-RENVFAVLCSTLSHAVLTGKKS-----------PGPAGSAARSIVA 

Sl_gi_460415146  (736) EDGSVESFPLKRKLLQKDESEPKRLQLIAKGSKSRDSVFAALCSTLSQAVLPAKKMGSTV------QDGPCSDGDEKSVE 

Sl_gi_460366250  (740) EDGADSFPLKRKVAPKKDP-EPKRLQCVVKGSKSRDTVFAALCSTLSQAVLPSKTTESPAGNGSAAPGSPQSDENKRSVE 

Sl_gi_723752937  (380) -------------------------------------------------------------------------------- 

Sl_gi_723752934  (417) -------------------------------------------------------------------------------- 

Hs_gi_546231920  (709) LKESEEKEVLLKTNLSGRQ-SPSFKLSLSSGTK----T--NLTSQSSTTNLPGSPGS---------PGSPGSPGSPGSVP 

       _clipseq  (558) EDGADSFPLKRKVAPKKDP-EPKRLQCVVKGSKSRDTVFAALCSTLSQAVLPSKTTESPAGNGSAAPGSPQSDENKRSVE 

                       881                                                          944 

At_gi_332640917  (826) KGAEDSKSSEENNSSSSDDENHKDDGVS---SSEHETSDNGKLNGEESLVVAPKSSPEMAVNGS 

Sl_gi_460415146  (810) SNHEEKGNSTDNGSAGLDNHDHREPNGPKSYSESMHSSPDNRQRGEDYPLIPPKSSPEMAVNGS 

Sl_gi_460366250  (819) ANHDEEGSLSNNGNADFENHANKQATSPKKISESLHKSPDSREHEEDCPLIQPKSSPEMAVNGS 

Sl_gi_723752937  (380) ---------------------------------------------------------------- 

Sl_gi_723752934  (417) ---------------------------------------------------------------- 

Hs_gi_546231920  (773) KNTSQTAAITTKGGLVGLVDYPDDDEDDDEDEDKEDTLPLSKKAKFDS---------------- 

       _clipseq  (637) ANHDEEGSLSNNGNADFENHANKQATSPKKISESLHKSPDSREHEEDCPLIQPKSSPEMAVNGS 

http://www.ncbi.nlm.nih.gov/gene/?term=XP_004229001.1
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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 : I searched the annotation of PSY2L and found these two locuses: 

SGN-U221820 Solyc12g099320.1.1 100.00 70 0 0 1 70 2386

 2455 1e-30  130 Serine/threonine-protein phosphatase 4 regulatory subunit 3 IPR006887, 

Protein of unknown function DUF625 GO:0005488 

 

SGN-U213697 Solyc01g060080.2.1 100.00 70 0 0 1 70 1043 1112 1e-30  130

 Serine/threonine-protein phosphatase 4 regulatory subunit 3 IPR006887, Protein of unknown function DUF625

 GO:0005515……http://www.uniprot.org/uniprot/K4AWB2 

This is from Chromosome one and alignment with the is protein from Solyc12g099320.1.1 

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

variants of Solyc12g099320.1.1…. see the alignment window.. 

                       1                                                                   70 

Sl_gi_460415146    (1) MGAQEKSSNSSNPMQRVKVYRLNDDGKWDDQGTGHVTVDYIERSEDLGLLVADEEDHETLLLHRISADDI 

       _clipseq    (1) ---------------------------------------------------------------------- 

                       71                                                                 140 

Sl_gi_460415146   (71) YRKQEDTIISWRDPEYSTELALSFQETTGCSYIWDHICSVQRNMHFSSLNNETFHSVNSDLKELPPIELS 

       _clipseq    (1) ---------------------------------------------------------------------- 

                       141                                                                210 

Sl_gi_460415146  (141) TLPLILKTVVEGGIADQLRVTELILNDQDFFHKLMDLFRISEDLENIENLHIVFKIVRGIMMLNNTQIFE 

       _clipseq    (1) ----------------------------------MDLFRICEDLENVDSLHIIFKIVRGIIFLNSSQIFE 

                       211                                                                280 

Sl_gi_460415146  (211) KIFGDELIIDIIGCLEYDPDAPHVHHRNFLKEHVVFKEAISIKDSIVLSKIHQTYRVGYLKDAILPRVLD 

       _clipseq   (37) TIFGDELIMDIVGCLEYDPEAPHIHHRGFLKEHVVNKEAIPIKDTVVLSKIRQTYRVGYLKDVVLAQMLD 

                       281                                                                350 

Sl_gi_460415146  (281) DAIVANLNSIIQSNNAIVVSLLKDDSTFIQDLLGKLKLPSTSAESKKNLVHFLHEFCTLSKSLQVVQQHR 

       _clipseq  (107) EATIANLNSIISSNNAMVVSRLKDDNAFIQELFVKLRSPSTSAESKKKLIHFLHEFCTLSKSLQMAQQVR 

                       351                                                                420 

Sl_gi_460415146  (351) LFRDLVNEGIFDIIADVLESQDKKLVLTGTDILILFLNQDPNLLRSYVIRQEGLALFGLLVKGMLTDFED 

       _clipseq  (177) LLRDLVNEGIFDIIVDILQSPDKKLVLMGTDILIL-LNQDPNLLRSHVIRQEGLTLFGLLVRGMLTDFGD 

                       421                                                                490 

Sl_gi_460415146  (421) DMHCQFLEILRSLLDSYASGSQRETIVEIFYEKHLSQLIDVITSSCPSPTDGITQAVSNSESSDGGTGKQ 

       _clipseq  (246) DMHCQFNEILRSLLDSYASGLQRDTIVEIFYEKHLTGLVQAITLSCPPKGDSLS--VSESANSDGGNVKQ 

                       491                                                                560 

Sl_gi_460415146  (491) SSYKPEILLNICDLLCFCIVHHPYRIKCNFLLNNVIDKVLFLTRRKEKYLVVAAVRFMRTLISRNDEHLM 

       _clipseq  (314) SCVKPEILLNICELLCFCVVHHPYRIKCSFLLNNVVDKVLLLTRRREKYLVLAAVRFVRTLITRNDEYLM 

                       561                                                                630 

Sl_gi_460415146  (561) NYIAKHNLLKPVVDVFVANGDRYNLLNSAVLELFEHIRKDNLKILLKYLVDSFWDELVKFEKLTSIQSLK 

       _clipseq  (384) NHIAEKNLLKPIVNAFVANGDRYNLLNSAVLELFEYIRKDNLKILLKYLVDSFWDELVKFEKFSSINSLK 

                       631                                                                700 

Sl_gi_460415146  (631) IKYEQSLDSAGIRSIGNLLDDPRKRVDDRCLEKEEEEYFNEESDEEDSASASVTNASRAQSQPALPNGSV 

       _clipseq  (454) VKYEQSLEDSGIRSVGNLLD-PRKRVDERSLEKEEEDYFNKESDEEDSTSASGANASRVKSQLAVPNGSA 

                       701                                                                770 

Sl_gi_460415146  (701) PSVSPMRSGGLVDYDDDEDDEDYKPPLRKQSDNSDEDGSVESFPLKRKLLQKDESEPKRLQLIAKGSKSR 

       _clipseq  (523) PSYTSDRSGGVVDSGDDDIDEDYKPPPKKQSDTSDEDGA-DSFPLKRKVAPKKDPEPKRLQCVVKGSKSR 

                       771                                                                840 

Sl_gi_460415146  (771) DSVFAALCSTLSQAVLPAKKM------GSTVQDGPCSDGDEKSVESNHEEKGNSTDNGSAGLDNHDHREP 

       _clipseq  (592) DTVFAALCSTLSQAVLPSKTTESPAGNGSAAPGSPQSDENKRSVEANHDEEGSLSNNGNADFENHANKQA 

                       841                                 879 

Sl_gi_460415146  (835) NGPKSYSESMHSSPDNRQRGEDYPLIPPKSSPEMAVNGS 

       _clipseq  (662) TSPKKISESLHKSPDSREHEEDCPLIQPKSSPEMAVNGS 

 

 

 

 

ftp://ftp.solgenomics.net/genomes/Solanum_lycopersicum/id_conversion/
ftp://ftp.solgenomics.net/genomes/Solanum_lycopersicum/id_conversion/tom2_to_solyc_annotated_id40.txt
ftp://ftp.solgenomics.net/genomes/Solanum_lycopersicum/id_conversion/tom2_to_solyc_annotated_id40.txt
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3.4.5 Identifying predicted spacers for the selected Sl-PSY2L  

3.4.5.1 Using CRISPR plant and other websites for prediction of the gene Sl-PSY2L-1 

 

Class0.0 gRNA 

SeqID minMM_GG minMM_AG Spacer seq (5'->3') PAM (5'->3') strand location  

Chr12:64855441-64855461:c NA 5 GTCTATCGCCTGAATGACGA TGGAAAATGG - exon  

gRNA (Spacer was shown in upper-case): 

5'-GTCTATCGCCTGAATGACGAgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-3' 

 
Paired DNA oligos (without cloning adaptor) to construct gRNA : 

5'-GTCTATCGCCTGAATGACGA-3' 

5'-TCGTCATTCAGGCGATAGAC-3' 
 

GC content of Spacer sequence: 0.5 

Potential Pol III terminator (TTTTT): null 
0 from 149 REs recoginze Cas9 cut region (+7 to -13bp):  

 

This candidate spacer was also recommended from other prediction website: 
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And the CCTOP website  http://crispr.cos.uni-heidelberg.de/cgi-

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

 

 

The following is found also in another research engine as number 1 …. Look at  3.4.5.2 
 

Chr12:64853090-64853110 4 4 AAGCGTAGAAAGCTCAATGG GGGGTAACTC + exon 

http://crispr.cos.uni-heidelberg.de/cgi-bin/search.py?sid=e11103b8da273ef64a2808b3c24810b9ccc89ff2
http://crispr.cos.uni-heidelberg.de/cgi-bin/search.py?sid=e11103b8da273ef64a2808b3c24810b9ccc89ff2


Dr. Amr Kataya: July 26, 2016 

 
29 

 

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 III terminator (TTTTT): null 

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

 

 

 

This following is found also in another research engine as number 2 …. Look at  3.4.5.2 
 

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

gRNA (Spacer was shown in upper-case): 

5'-TTTGAGTAAGAGTTTGCAGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-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 III 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 
Primers for gRNA:  >Sl_1_gi|723752928 was copied into the website http://crispr.wustl.edu for giving potential 

places for gRNA targeting:  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

http://crispr.wustl.edu/
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3.4.5.3 Using CCTOP based on mRNA sequence for Sl-PSY2L-2 

The CCTOP website  http://crispr.cos.uni-heidelberg.de/cgi-

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

 

 
 
 
 
 
 
 
 
 
 
 

T73 out of 253 

It has 8 off-targets but with 4 mismatches 

Sequence: AATTTTTTTCGGAAAGCTGATGG 

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 Sl-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 

 

http://crispr.cos.uni-heidelberg.de/cgi-bin/search.py?sid=e11103b8da273ef64a2808b3c24810b9ccc89ff2
http://crispr.cos.uni-heidelberg.de/cgi-bin/search.py?sid=e11103b8da273ef64a2808b3c24810b9ccc89ff2
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T250 out of 253  (has 12 off-targets with 4 mismatches) 

Sequence: TCTCCTGAAATGGCTGTAAATGG  
Oligo pair fwd: ATTGTCTCCTGAAATGGCTGTAAA rev: AAACTTTACAGCCATTTCAGGAGA 
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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 

 

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

66514710 CTTTKGTTMTGTGYGCCTTTCTGAAGACCAATGTAGATTTTTCTTCTACATTCTTKTAKC 

66514651 

66514650 TCTRTCTCTRTATATTTCATTAGACCCCCCCTCCCCCCCCTTCCTTTCACRCACACAARC 

66514591 

66514590 CTCTAAGAAAGAAGAACCTTCYCGCTGYGTCTCAACTCTCAACTATGATTYTTTACATGC 

66514531 

66514530 TGAKGAACTTRAGCAGATTACYTGCTAACAWGTGTAGCKTAGCTGTTGTTATTCTGTTCT 

66514471 

66514470 TGTATTACATMARKTCTGTAATATTAACCTTTGTYTCATCTGCACYACAGCGWGTAAAGG 

66514411 

66514410 TCTATCGCCTKAATGACGATGGAAAATGGGATGATCAAGGAACGGGTCATGTTACTGTAG 

66514351 

66514350 ATTATATAGAGGYMAGTGTTTGTGGAATATTKGATGTTYAGCTTATACCATTTTGTTTRT 

66514291 

66514290 GTCGAGAAATAAYGYGTCACTTGCAYTGATTGGGAGGGGTTAACTTTTATTGCATCTGAT 

66514231 

66514230 TGWTGATGTCAATGCAGAGATCAGAAGATCTAGGATTGCTTGTAGCTGATGAAGAAGATC 

66514171 

66514170 ATGAAACTTTGCTTYTGCACCGTATCAGTGCAGATGATATYTATCGGAAGCAAGAAGGTA 

66514111 

66514110 TCCTCCAGCTYCATAGTTT           

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091556
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091555
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091554
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
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091544;vf=71091545
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091544
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091543
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091542
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091541
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091540
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091539
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091538
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091537
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091536
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091535
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091534
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091532;vf=71091533
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091532
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091531
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091530
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091529
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091528
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091527
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091526
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091525
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091524
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091523
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091522
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091521
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091520
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091519
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091518
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091517
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091516
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091515
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091514
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091513
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=wTaBVob0dy1bvuxA-12753997-213371846;vf=71091512
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FOR PSY2L-1 spacer 2 

 

SLPSY2L-1 spacer1
619 bp

Spacer Right PrimerLeft  primer
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>chromosome:SL2.50:12:66511742:66512360:1 

66511742 GTAAWTGTTGCTAGTGGGATATATCCCDTGGTATTAGTAAAGGTGCGYGAAAGCTRGCCC 

66511801 

66511802 RGAMACCACRGTTATCAAAAAAAAAATCAATGTTTTTKTGGTTGSTAACTTAGTATTGAS 

66511861 

66511862 AAAGCAATCCCCACCCCCRCCCCTTTTTTTTACCCTCCCCCCAAATTACTAAGRCACACC 

66511921 

66511922 CTCACSTGCAACTTAGARATTTGGTAATTATCAAKGCAATATAAGAMAAATACATTTCAA 

66511981 

66511982 CTATWTTAAGATAATAWATGTTGAAAAGGATGACAAARATAAACCTTTAATATCAATGGA 

66512041 

66512042 AGCGTAGAAAGCTCAAYGGGGGGTAACTCCTTCAAATCACTGYTGACACTATGAAATGTC 

66512101 

66512102 TCRTCTGAAAATAGTAAAAGAAAAGAAGAAGAGAAACAAATRAGTCATGCACATAARACC 

66512161 

66512162 TTTTTCCAACAGGTCTGAAAAGATTAGTYAAYAAAAATMTCAACAGTTATTTSTAAGCAC 

66512221 

66512222 AARAGAGHCCAATGATAGGTGTCCRAGAAGTAGGAGAGAAACTGTGTGGACCTATTTTTG 

66512281 

66512282 TAAAAGGCAACAATTTATTTTTTCCTTGTCATCATTRTTCTAAATKTTACTCTTCTTTTC 

66512341 

66512342 CAGAARCACWCAAGAMTAC                                           

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091306
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091307
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091308
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091309
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091309;vf=71091310
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091309
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091311
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091312
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091313
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091314
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091314;vf=71091315
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091314;vf=71091316
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091316
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091317
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091318
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091319
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091320
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091321
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091321;vf=71091322
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091321
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091321;vf=71091323
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091323
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091324
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091325
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091326
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091327
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091328
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091329
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091330
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091331
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091332
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091333
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091334
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091335
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091336
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091337
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091338
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091339
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091340
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091341
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091342
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091343
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091344
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091344;vf=71091345
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091344
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091346
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091347
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091348
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091349
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091350
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091351
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091351;vf=71091352
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091351
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=GOeUUKBXIWeP0Sp9-12753998-213371850;vf=71091353
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For PSY2L1 and-2 spacer 1 

 

SlPSY2L-1 Spacer 2
619 bp

Spacer 2Left  primer Right primer
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>chromosome:SL2.50:12:66502999:66503617:1 

66502999 AACRAGCCCCCCAGATCTAAAGAACAKRAGTYTCAAAATATGTTCCCTCRGTTTTAAYGA 

66503058 

66503059 ATCCASRTTMAAGCAGTAACARTTACTTACCTCATGGRTGAGACACTTGGARCAGATCCA 

66503118 

66503119 TTAGGCAARGCCGGCTGAGACTGCRCTCTACTTGCATTAGTCACGGATGCTGAGGCAGAA 

66503178 

66503179 TCTTCCTCRTCACTGAAGGAYACACATATTCAGWGTACCAYATWAAACATTTTACATGCA 

66503238 

66503239 AAMAAGTAAAGGCATACCTCTCTTCATTGAAATATTCTTCTTCTTCTTTCTCTAAACMAC 

66503298 

66503299 GGTCATCAACTCGYTTYCTAGGGTCRTCTAATAGATTRCCRATACTTCTWATTCCTGCRC 

66503358 

66503359 TGTCTAGARACTACAAAAGRCCCAAAACCATTATGAGCCAARCATCACTATCAAGAGAGT 

66503418 

66503419 GTAATAATGAACAAMAGGCCCAATGAATAATACCTGCTCATATTTAATTTTCAATGATTG 

66503478 

66503479 RATWGATGTCAACTTTTCAAACTTGMCCAAKTCATCCCAGAATGAGTCDACTAAATACTT 

66503538 

66503539 GAGCAATATTTTCAAGTTATCCTGCATTATATCATGTCAGATCCTAAGAAAYWAGAGAAG 

66503598 

66503599 YCATGCCACATTAACTTTT   

 

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090543
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090544
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090545
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090546
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090547
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090548
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090549
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090550
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090551
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090552
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090553
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090554
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090555
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090556
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090557
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090558
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090559
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090560
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090561
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090562
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090563
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090564
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090565
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090566
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090567
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090568
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090569
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090570
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090571
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090572
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090573
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090574
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090575
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090576
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090577;vf=71090576
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090577
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090577;vf=71090578
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090578
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090578
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090579
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090580
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090581
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090582
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090583
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090584
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090585
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090586
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090587
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090588
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371867;vf=71090589
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chromosome:SL2.50:1:69458092:69458708:1 

69458092 RRCWCCCCSRGATCTTCAAACATATGAGAAGTCATCACRTGTCABTTAATTTARCAAATA 

69458151 

69458152 CACATTCTAAAAATCAYAAAATACCTATCAKATGTGTAKCTCRKAGCAGATCCATTYGGC 

69458211 

69458212 ACHGCCAGTWGAGACTTCACTMTGCYTGCATTYGCTCCAGAKGCTGAWGTAGAATCTTCC 

69458271 

69458272 TCATCACTRACAGATTGMTTGTTCAGYGRTTATCMAAATAAAAACAATTCWACAAAAYAA 

69458331 

69458332 TAGGTAAAVGGATACCTCTCTTYGTTGAAATAATCTTCTTCTTCTTTCTCTAAACTACGC 

69458391 

69458392 TCATCAACTCGTTTCCTTGGGTCTAATAAATTACYAACACTTYTAAYCCCTGAATCCTCC 

69458451 

69458452 AGGGACTGCAATAACACAAAGCAGTCATAMTAAGCTCAAGTATCMAACAAGAACACATGA 

69458511 

69458512 CARTAACAGGCATAACTATGAAGAKACCTGCTSATATTTMACTTTCAGAGAGTTGATGGA 

69458571 

SlPSY2L-1-2-Spacer 1
619 bp

Spacer 1Left  primer Right primer

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956557
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956558
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956559
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956560
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956561
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956562
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956563
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956564
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956565
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956566
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956567
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956568
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956569
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956570
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956571
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956572
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956573
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956574
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956575
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956576
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956577
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956578
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956579
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956580
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956581
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956582
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956583
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956583;vf=5956584
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956583
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956585
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956586
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956586;vf=5956587
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956586
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956588
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956589
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956590
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956591
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956592
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956593
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956594
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956595
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956596
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956597
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956598


Dr. Amr Kataya: July 26, 2016 

 
38 

 

69458572 TGAGAACTTTTYRAACTTGACCARCTCATCCCAGAATGAGTCAACTAAATACTTGAGCAG 

69458631 

69458632 TATTTTYAAGTTGTCCTGCATAGTGTCWCATCAAVACCAAGATGCATGAACAARCAAATA 

69458691 

69458692 TAAAGGAGGRYAGAGAG 

 

 

For PSY2L1 and-2 spacer 2 

 

 

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956599
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956600
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956601
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956602
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956603
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956604
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956605
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956606
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=DRPxlDzhTq2zq3vZ-12753999-213371870;vf=5956607
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>chromosome:SL2.50:1:69457298:69457916:-1 

69457916 ACRSTRTTTWTGCTGCTTTATGCTCTACCTTAASTCAAGCTGTGTTGCCCTCCAWAACTA 

69457857 

69457856 CAGAAAGTCCTGCTKGTAATGGKAGTGCTGCACCAGGTARCCCTCAATCTGATGAAAACA 

69457797 

69457796 AGAGATCTGTKGWGGCTRACCATGWTGAGGAAGGGAGTMTTTCTAATAATGGTAATGCTG 

69457737 

69457736 ATTTTGAAWATCATGCYAWCAWACAAGCAACWTCACCTAAAAAAAWTTCTGAARGCTTGC 

69457677 

69457676 ACAAATCTCYAGATRGTAGGGADCACGAAGAAGACTGTCCRYTGATACAACCAAAGTCAT 

69457617 

69457616 CTCCTGAAABGGCTGTAAATGGATCRTAATATTTCAAGATTYKTGAATACCATTTTGGTC 

69457557 

69457556 CCTGTTATGAYCAACTATMTTTGAGCATGCGCTTGTGCAKATAAGCTAATTTGTACAAKT 

69457497 

69457496 TCCAGAGCAAGAWYTTGGTTWGTTGGTGATGTTGGGATTTTATGAATATTGGTGGAGAAG 

69457437 

69457436 AGTATGTAYAGTGCYRTTACAAGYATGGGGAGAGATWAGTGGCTTCCCCATTGCTAGARA 

69457377 

69457376 ATYTTCTTCTATTCTTTASTTMTACTTTTTCCCATTTTYCTTAGTTATGTGAACCATWTG 

69457317 

69457316 TAGTAGGGCATYAATTTTT       

 

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956547
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956546
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956545
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956544
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956543
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956542
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956540
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956540;vf=5956541
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956540
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956539
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956538
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956537
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956536
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956535
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956534
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956532
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956532;vf=5956533
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956532
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956531
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956530
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956529
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956528
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956527
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956526
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956525
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956524
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956523
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956522
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956521
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956520
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956519
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956518
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956517
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956516
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956515
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956514
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956513
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956513
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956512
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956511
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956510
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956509
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956508
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956507
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956506
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956505
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956504
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956503
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956502
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956500;vf=5956501
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956500
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956499
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956498
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956498
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956497
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956496
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956495
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956491;vf=5956493
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956491;vf=5956493;vf=5956494
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956491;vf=5956492;vf=5956493
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956491;vf=5956492
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956491
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956490
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956489
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371887;vf=5956488
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>chromosome:SL2.50:12:66502223:66502839:-1 

66502839 GGTTCAAAGTCTCGAGACAGTGTWTTTGCTGCTTTATGCTCAACCTTAAGTCAAGCAGTT 

66502780 

66502779 TTACCYGCTAAAAAGATGGGYAGTACARTACAAGATGGTCCATGCTCAGATGGAGAYGAG 

66502720 

66502719 AAAWCTGTCGAGTCCAACCAYGAGGAKAAGGGKAATTCTACTGACAATGGGRRTGCTGRT 

66502660 

66502659 TTGGATAATCATGACCACCGAGAACCAAATGGTCCAAAMAGTTWTTCTGAAAGCATGCAC 

66502600 

66502599 AGTTCYCCCGATAATAGGCAGAGAGGAGAGGACTATCCATTGATACCTCCAAAATCATCR 

66502540 

66502539 CCTGAAATGGCTGTRAATGGATCATGACRACTCTTTTGAGATCGTCATKCTATTTTGAMT 

66502480 

66502479 CCTACCATGATBTACCAGATATTGCTTGAGCATGTGCTTGCTTCAAATCAGCYCTATGTA 

66502420 

Sl-PSY2L-2-1-Spacer 2
619 bp

Spacer 2 Right primerLeft  primer

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090535
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090534
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090533
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090532
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090531
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090530
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090529
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090528
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090527
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090526
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090525
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090524
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090523
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090522
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090521
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090520
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090519
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090518
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090517
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090516
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090515
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090514
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090513
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66502419 CAACTTCAACATGAGTGATGTTCTAWYAGGCAATTCGATTGTTGAATTTMGWDACTATTG 

66502360 

66502359 GTGGAGGGGAGTCTGTACAGTGTTGTTGCAAGCCTGCKGAGAGATTAGCCATYGKGTYGA 

66502300 

66502299 GTTCTCTTYYGTTTAGCATTTCCAATTGCTCCTGTAAAACATTMCRTAGCTATAGAATTT 

66502240 

66502239 TKTTACAACTATTCTTT      

 

 

 

 

 

 

 

3.4.6 Amplifying of one or two gRNA expression cassette including one or two Sl-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: 

 

http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090512
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090511
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090510
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090509
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090508
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090507
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090506
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090505
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090504
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090503
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090502
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090501
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090500
http://plants.ensembl.org/Solanum_lycopersicum/ZMenu/TextSequence?db=core;factorytype=Location;tl=At3pOJ2CBRn0Mb3N-12754000-213371885;vf=71090499
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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 BsaI 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 BsaI digestion and ligation. 
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3.4.6.1 Golden Gate cloning method for the 

assembly of one or two gRNAs 
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    3.4.6.2 Sequence of one gRNA expression cassette for dicots

 

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'→3'): 
U6-26p-F: TGTCCCAGGATTAGAATGATTAGGC     U6-26t-R: CCCCAGAAATTGAACGCCGAAGAAC  
(U6-26p-F + U6-26t-R = 423 bp) 
Sequencing primers (5'→3'):  U6-26p-F: TGTCCCAGGATTAGAATGATTAGGC 
 

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

 

ATATATGGTCTCGATTGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG 
GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTTGCAAAATTTTCCAGATCGATTT 
CTTCTTCCTCTGTTCTTCGGCGTTCAATTTCTGGGGTTTTCTCTTCGTTTTCTGTAACTGAAACCTAAAATTTG 
ACCTAAAAAAAATCTCAAATAATATGATTCAGTGGTTTTGTACTTTTCAGTTAGTTGAGTTTTGCAGTTCCGAT 
GAGATAAACCAATATTAATCCAAACTACTGCAGCCTGACAGACAAATGAGGATGCAAACAATTTTAAAGTTT 
ATCTAACGCTAGCTGTTTTGTTTCTTCTCTCTGGTGCACCAACGACGGCGTTTTCTCAATCATAAAGAGGCT 
TGTTTTACTTAAGGCCAATAATGTTGATGGATCGAAAGAAGAGGGCTTTTAATAAACGAGCCCGTTTAAG 
CTGTAAACGATGTCAAAAACATCCCACATCGTTCAGTTGAAAATAGAAGCTCTGTTTATATATTGGTAGAG 
TCGACTAAGAGATTGNNNNNNNNNNNNNNNNNNNGTTTAGAGACCAATAAT 

Primers: 
DT1-BsF: ATATATGGTCTCGATTGNNNNNNNNNNNNNNNNNNNGTT  
DT1-F0: TGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGC 
DT2-R0: 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-F0/DT2-R0/DT2-BsR 
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four-primer mixture with DT1-F0/DT2-R0 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  

The template for primer design is in the previous section 3.4.6.3 

This is an example, colored by me to confirm the understanding of cloning.. The new gRNAs (19 

bp) will be added in their places. gRNA1 will be only forward added, while the gRNA2 will be 

reverse added.   

DT1A-BsF/TC AATAATGGTCTCTATTGAATATCTCTCTATCTCCTCGTT 
DT1A-F0/TC TGAATATCTCTCTATCTCCTCGTTTTAGAGCTAGAAATAGC 
DT2-R0/ETC2 AACATTCGATGCTACTCACTTCCAATCTCTTAGTCGACTCTAC 
DT2-BsR/ETC2 ATTATTGGTCTCTAAACATTCGATGCTACTCACTT 

 

3.4.6.5 Primers for generating 2 gRNAs against Sl-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             AATAATGGTCTCTATTGTCTATCGCCTGAATGACGAGTT 
T1-F0/PSY-1              TGTCTATCGCCTGAATGACGAGTTTTAGAGCTAGAAATAGC 
T2-R0/PSY-1              AACCCATTGAGCTTTCTACGCTCAATCTCTTAGTCGACTCTAC 
T2-BsR/PSY-1            ATTATTGGTCTCTAAACCCATTGAGCTTTCTACGCTC     

 

3.4.6.6 Primers for generating 2 gRNAs dual targeting both Sl-PSY2L 1 and 2 
From section  3.4.5.4      gRNA1: GGTCATCAACTCGTTTCCT                        to be used in Forward primers 

                                            gRNA2: CTCCTGAAATGGCTGTAAA 

                                            gRNA2 reverse: TTTACAGCCATTTCAGGAG      to be used in reverse primers 
 
 
T1-BsF/PSY-1/2      AATAATGGTCTCTATTGGGTCATCAACTCGTTTCCTGTT 
T1-F0/PSY-1/2       TGGGTCATCAACTCGTTTCCTGTTTTAGAGCTAGAAATAGC 
T2-R0/PSY-2/1        AACTTTACAGCCATTTCAGGAGCAATCTCTTAGTCGACTCTAC 
T2-BsR/PSY-2/1      ATTATTGGTCTCTAAACTTTACAGCCATTTCAGGAGC     

 

After finishing design… copy gRNA spacer and check for off-targets on RGEN TOOLs….. 
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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  

 

 

Spacer 1 

 

Gene specific part of sgRNA 

GAGAAAGAGGCTTCAAAGGAAGG  exon  2 

There are no predicted off-targets for this guide 
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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 
Chr2:393176-

393198 
AAACTGAAAAATTGGCAGATGG 60.3 0 

Chr2:393022-
393045 

CCTGAATACCATTGTTTTTGGAG 59.8 0 0 176 

2 
Chr2:393176-

393198 
AAACTGAAAAATTGGCAGATGG 60.3 0 

Chr2:393022-
393044 

CCTGAATACCATTGTTTTTGGA 58.9 0 0 176 

3 
Chr2:393223-

393245 
TCGACATGAACAAACCAGTGTT 60.5 0 

Chr2:393022-
393044 

CCTGAATACCATTGTTTTTGGA 58.9 0 0 223 

4 
Chr2:393156-

393178 
GGGAGTTGTGGGAGAGAAATTA 59.5 0 

Chr2:392888-
392911 

CCAAAACAATTGCAAACTACACA 60.0 0 0 290 

5 
Chr2:393156-

393178 
GGGAGTTGTGGGAGAGAAATTA 59.5 0 

Chr2:393022-
393044 

CCTGAATACCATTGTTTTTGGA 58.9 0 0 156 

 

Chr2:393066-393086 4 3 GAGAAAGAGGCTTCAAAGGA AGGATCATTG + exon 

gRNA (Spacer was shown in upper-case): 
5'-GAGAAAGAGGCTTCAAAGGAgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-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 III terminator (TTTTT): null 

 

4 from 149 REs recoginze Cas9 cut region (+7 to -13bp):  
MboI:Sau3AI:DpnII:BfuCI cut GATC 

DpnI cut GATC 

AlwI cut GGATC 

Nt.AlwI cut GGATC 

 

 

 

Spacer 2 
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Gene specific part of sgRNA 

TGTTGTGGTTATAGGAATGGTGG   exon 4 

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 
Chr2:392527-

392549 
ATGGTTTTGTCGCAGATCTTTT 60.0 0 

Chr2:392353-
392377 

TGTGATCTTCTGGTTCAGTGAAGT 60.2 0 0 196 

2 
Chr2:392527-

392549 
ATGGTTTTGTCGCAGATCTTTT 60.0 0 

Chr2:392342-
392366 

CCAATCATAAGTGTGATCTTCTGG 59.9 0 0 207 

3 
Chr2:392527-

392549 
ATGGTTTTGTCGCAGATCTTTT 60.0 0 

Chr2:392326-
392349 

TTGGTAAGACATTTCTCCAATCA 58.6 0 0 223 

4 
Chr2:392582-

392604 
ACAGAGGAAATGTTGAAGCACA 59.8 0 

Chr2:392342-
392366 

CCAATCATAAGTGTGATCTTCTGG 59.9 0 0 262 

5 
Chr2:392581-

392603 
CAGAGGAAATGTTGAAGCACAA 60.3 0 

Chr2:392342-
392366 

CCAATCATAAGTGTGATCTTCTGG 
    

 

Chr2:392418-392438:c 3 3 TGTTGTGGTTATAGGAATGG TGGATTTTTT - exon 

gRNA (Spacer was shown in upper-case): 

5'-TGTTGTGGTTATAGGAATGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-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 III 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             AATAATGGTCTCTATTGAGAAAGAGGCTTCAAAGGAGTT 
T1-F0/PAP7              TGAGAAAGAGGCTTCAAAGGAGTTTTAGAGCTAGAAATAGC 
T2-R0/PAP7              AACCCATTCCTATAACCACAACCAATCTCTTAGTCGACTCTAC 
T2-BsR/PAP7            ATTATTGGTCTCTAAACCCATTCCTATAACCACAACC     
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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: 

 

 

Gene specific part of sgRNA 

GTCGGAGGGGCGGTTCCGGCGGG  

There are no predicted off-targets for this guide 
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Pai
r 

Left primer 
coordinates 

Left primer 

Left 
prim
er 
Tm 

Left 
prime
r off-
target

s 

Right primer 
coordinates 

Right primer 

Right 
prim
er 
Tm 

Right 
prime
r off-
target

s 

Pair 
off-

target
s 

Produ
ct size 

1 
Chr3:28934
45-2893467 

CGATACGTAACCGGAGTA
GGAC 

59.
9 

0 
Chr3:28932
80-2893302 

TTGAAGTATTGGCGCTAA
CAGA 

59.
9 

0 0 187 

2 
Chr3:28934
02-2893424 

ACTCTTTCTGCTACGTTC
GTCC 

60.
0 

0 
Chr3:28932
06-2893228 

AGCGAATCTATTGGAACT
CTCG 

59.
9 

0 0 218 

3 
Chr3:28934
48-2893470 

GGTCGATACGTAACCGGA
GTAG 

59.
9 

0 
Chr3:28932
80-2893302 

TTGAAGTATTGGCGCTAA
CAGA 

59.
9 

0 0 190 

4 
Chr3:28934
47-2893469 

GTCGATACGTAACCGGAG
TAGG 

59.
9 

0 
Chr3:28932
80-2893302 

TTGAAGTATTGGCGCTAA
CAGA 

59.
9 

0 0 189 

5 
Chr3:28934
45-2893467 

CGATACGTAACCGGAGTA
GGAC 

59.
9 

0 
Chr3:28932
06-2893228 

AGCGAATCTATTGGAACT
CTCG 

59.
9 

0 0 261 

 

 

Class0.0 gRNA 

SeqID minMM_GG minMM_AG Spacer seq (5'->3') PAM (5'->3') strand location  

Chr3:2893351-2893371 NA NA GTCGGAGGGGCGGTTCCGGC GGGAAAGAAG + exon  

gRNA (Spacer was shown in upper-case): 

5'-GTCGGAGGGGCGGTTCCGGCgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-

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 III terminator (TTTTT): null 

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

MspI:HpaII cut CCGG 

 

 

 

 

Gene specific part of sgRNA 

AGTCTATGGTGGTGTAGCGACGG  

There are no predicted off-targets for this guide 
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Pai
r 

Left primer 
coordinates 

Left primer 

Left 
prim
er 
Tm 

Left 
prime
r off-
target

s 

Right primer 
coordinates 

Right primer 

Right 
prim
er 
Tm 

Right 
prime
r off-
target

s 

Pair 
off-

target
s 

Produ
ct size 

1 
Chr3:28916
67-2891689 

AGGCGCTTCTAGAGATGT
TCAG 

60.
2 

0 
Chr3:28914
01-2891423 

ATCTTAAGTGCGTTTGCG
TTTT 

60.
2 

0 0 288 

2 
Chr3:28916
67-2891689 

AGGCGCTTCTAGAGATGT
TCAG 

60.
2 

0 
Chr3:28914
67-2891489 

CTTGAATGAGATGTTGAG
CAGG 

59.
9 

0 0 222 

3 
Chr3:28916
67-2891689 

AGGCGCTTCTAGAGATGT
TCAG 

60.
2 

0 
Chr3:28915
00-2891522 

GGAAGGCTGAGATGAATG
AGTC 

60.
2 

0 0 189 

4 
Chr3:28916
67-2891689 

AGGCGCTTCTAGAGATGT
TCAG 

60.
2 

0 
Chr3:28914
00-2891422 

AATCTTAAGTGCGTTTGC
GTTT 

60.
2 

0 0 289 

5 
Chr3:28916
67-2891689 

AGGCGCTTCTAGAGATGT
TCAG 

60.
2 

0 
Chr3:28915
07-2891529 

TGAGATGAATGAGTCAAC
CTCG 

60.
3 

0 0 182 

 

Chr3:2891603-2891623 3 5 AGTCTATGGTGGTGTAGCGA CGGAGAGCAC + exon 

gRNA (Spacer was shown in upper-case): 

5'-AGTCTATGGTGGTGTAGCGAgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-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 III terminator (TTTTT): null 

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

 

 

Gene specific part of sgRNA 

GGAGCTCTCGAATGCGGAGGCGG  

There are no predicted off-targets for this guide 

 

Pai
r 

Left primer 
coordinates 

Left primer 
Left 

prime
r Tm 

Left 
prime
r off-
target

s 

Right primer 
coordinates 

Right primer 
Right 
prime
r Tm 

Right 
prime
r off-
target

s 

Pair 
off-

target
s 

Produ
ct size 

1 
Chr5:5138
15-513837 

TCTGTCATCGGATTCTGA
TTGT 

59.
6 

0 
Chr5:5140
39-514061 

TTCTCTTTCTCCGTCTTCT
TCG 

60.
1 

0 0 246 

2 
Chr5:5137
40-513762 

TATCCAAGAAACCACTTT
CCGT 

59.
9 

0 
Chr5:5139
35-513957 

CGACTCGTTAACAATTGG
ACCT 

60.
4 

0 0 217 

3 
Chr5:5138
15-513837 

TCTGTCATCGGATTCTGA
TTGT 

59.
6 

0 
Chr5:5140
34-514056 

TTTCTCCGTCTTCTTCGTT
GAT 

60.
2 

0 0 241 

4 
Chr5:5138
15-513837 

TCTGTCATCGGATTCTGA
TTGT 

59.
6 

0 
Chr5:5140
33-514055 

TTCTCCGTCTTCTTCGTTG
ATT 

60.
2 

0 0 240 

5 
Chr5:5137
19-513741 

GTCTCCTCTCCGATCAGA
TCAT 

59.
7 

0 
Chr5:5139
35-513957 

CGACTCGTTAACAATTGG
ACCT 

60.
4 

0 0 238 
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Chr5:513858-513878:c 7 6 GGAGCTCTCGAATGCGGAGG CGGAGACTGC - exon 

gRNA (Spacer was shown in upper-case): 
5'-GGAGCTCTCGAATGCGGAGGgttttagagctagaaatagcaagttaaaataaggctagtccgttatcaacttgaaaaagtggcaccgagtcggtgctttttt-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 III terminator (TTTTT): null 
 

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

EciI cut GGCGGA 

 

Gene specific part of sgRNA 

GATTGAAAGCGGGTTGTATTCGG  

There are no predicted off-targets for this guide 

 

Pai
r 

Left primer 
coordinates 

Left primer 
Left 

prime
r Tm 

Left 
prime
r off-
target

s 

Right primer 
coordinates 

Right primer 
Right 
prime
r Tm 

Right 
prime
r off-
target

s 

Pair 
off-

target
s 

Produ
ct size 

1 
Chr5:5138
83-513905 

ATTTTGCCTCTTTACCACT
CCA 

60.
0 

0 
Chr5:5141
08-514130 

TTCGCGAATAGTGTTTTG
AATG 

60.
1 

0 0 247 

2 
Chr5:5138
83-513905 

ATTTTGCCTCTTTACCACT
CCA 

60.
0 

0 
Chr5:5141
49-514171 

CACTCTTCTTCAAGCGAG
GTTT 

60.
1 

0 0 288 

3 
Chr5:5139
40-513962 

CAATTGTTAACGAGTCGG
GTCT 

60.
4 

0 
Chr5:5141
49-514171 

CACTCTTCTTCAAGCGAG
GTTT 

60.
1 

0 0 231 

4 
Chr5:5138
83-513905 

ATTTTGCCTCTTTACCACT
CCA 

60.
0 

0 
Chr5:5141
07-514129 

TCGCGAATAGTGTTTTGA
ATGT 

59.
7 

0 0 246 

5 
Chr5:5138
78-513900 

CGGTAATTTTGCCTCTTTA
CCA 

60.
3 

0 
Chr5:5141
08-514130 

TTCGCGAATAGTGTTTTG
AATG 

60.
1 

0 0 252 

 

SeqID minMM_GG minMM_AG Spacer seq (5'->3') PAM (5'->3') strand location  

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 III 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             AATAATGGTCTCTATTGTCGGAGGGGCGGTTCCGGCGTT 
T1-F0/PLL3             TGTCGGAGGGGCGGTTCCGGCGTTTTAGAGCTAGAAATAGC 
T2-R0/PLL3              AACTCGCTACACCACCATAGACCAATCTCTTAGTCGACTCTAC 
T2-BsR/PLL3            ATTATTGGTCTCTAAACTCGCTACACCACCATAGACC     

 

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             AATAATGGTCTCTATTGGAGCTCTCGAATGCGGAGGGTT 
T1-F0/PLL2             TGGAGCTCTCGAATGCGGAGGGTTTTAGAGCTAGAAATAGC 
T2-R0/PLL2              AACAATACAACCCGCTTTCAATCAATCTCTTAGTCGACTCTAC 
T2-BsR/PLL2            ATTATTGGTCTCTAAACAATACAACCCGCTTTCAATC     
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