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Abstract: 
CRISPR (Clustered Regularly Interspaced Short Palindromic Repeats)/Cas9 (CRISPR-associated system) is used to edit specific genomic 
sequences with precision and efficacy. There are many online platforms/software for the design of gRNAs and related primers. However, 
there are concerns in design regarding off-site deletions besides knocking out sequences in the target genes. Nonetheless, a well known 
robust platform for CRISPR/gRNA primers design is CRISPRdirect. We demonstrate the use of this tool in the design of CRISPR/gRNA 
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primers for soluble starch synthases (SSS) II-1, 2, and 3 genes in the Oryza sativa genome followed by the PCR-mediated amplification of 
SSS genes with corresponding confirmation towards genome editing having improved phenotype features.  
 
Keywords: CRISPR, CRISPdirect, primers, knock out, and soluble starch synthase (SSS). 
 

Background: 
Clustered Regularly Interspaced Short Palindromic Repeats 
(CRISPR)/Cas9 endonuclease is a genomic editing tool. 
CRISPR/Cas9 is known for its simplicity, specificity, and versatility 
[1-5].  The functions of endonuclease Cas9 could be utilized to 
delete a specific site(s) of a gene using an engineered sequence 
single guide RNA (gRNA). The gRNA usually has 20 nucleotides 
against a specific target sequence in the genome [5]. Mutations in 
soluble starch synthases (SSS) II [6-9] have altered the starch 
biosynthesis pathway in one way or the other in rice. Variation in 
SSS isoform profiles could affect the starch biosynthesis pathway 
and control phenotypes in the natural varieties of rice [10]. Thus, 
design of specific CRISPR/gRNA primers is a challenge. 

There are several online platforms/software offering services to 
design gRNAs and related primers (Table 1). We used the 
CRISPRdirect (http://crispr.dbcls.jp/) [11] platform to select target 
sites of gRNA and NGG as PAM sites in SSS II (1, 2, and 3) genes 
with possible off-target sites. The CRISPRdirect examined the 
whole genome template of Oryza sativa at length width of 20-mer, 
12-mer and 8-mer adjacent to the PAM (protospacer adjacent motif) 
of the flanking region [11]. Therefore, it is of interest to describe the 
design of CRISPR/gRNA primers [11] for soluble starch synthases 
(SSS) II-1, 2, and 3 genes in the Oryza sativa genome using 
CRISPRdirect followed by the PCR-mediated amplification of SSS 
genes with corresponding confirmation. 

 
Table 1: CRISPR/Cas tools for designing gRNAs and predicting off-site targets. 
S.N. Tool Name Description  Refere

nce 
Website 

1. CRISPR.mit Tool to facilitate the design of gRNAs. [12] 
 

http://crisp r.mit. edu/ 

2. sgRNA designer Online tool for effective sgRNAs designing. [13] https://portals.broad institute.org/gpp/public/analy 
sis-tools /sgrna-design 

3. E-CRISP Web application to design gRNA sequences. [14] 
 

http://www.ecrisp.org/ECRISP 

4. CRISPRseek Part of R programming package for designing gRNAs. [15] http://www.bioconductor.org/ 
packages/release/bioc/html/CRISPR seek.html 

5. Cas-OFFinder Algorithm for identifying potential off-target sites in a genome. [16] http://www.rgenome.net/cas-offinder/ 
6. CHOPCHOP Online tool for predicting off-target binding of sgRNAs.  [17] https://chopc hop.rc.fas.harvard.edu/ 
7. CRISPRscan sgRNA-scoring algorithm that effectively captures the activity of CRISPR/Cas9 in vivo. [18] http://www.crisprscan .org/ 
8. CRISPRdirect Web server for selecting rational CRISPR/Cas targets based on input sequence. [11] http://crispr.dbcls.jp/ 
9 PROTOSPACER Web interface for finding, evaluating and sharing Cas9 guide-RNA designs. [19] http://www.protospace r.com/ 
10. sgRNA Scorer 1.0 and 2.0 In vivo library methodology to assess sgRNA activity. [20] https ://crispr.med.harvard.edu/ 

sgRNA ScorerV1/ 
11. CRISPR Multi-Targeter Online tool to find sgRNA targets. [21] http://www.multicrisp r.net/ 
12. Off Spotter An algorithm to assist in designing optimal gRNAs. [22] https://cm.jefferson.edu/Off-Spotter/ 
13. WU-CRISPR Web tool for the genome-wide design of sgRNAs. [23] http://crisp r.wustl.edu 
14. Breaking-Cas Web tool to facilitate the design of guide RNA for CRISPR/Cas technique.  [24] http://bioinfogp.cnb.csic.es/tools/breakingcas 
15. CHOPCHOP v2 An updated version of CHOPCHOP which improves the targeting power, usability, and 

efficiency of CHOPCHOP by offering new options for sgRNA design. 
[25] http://chopchop.cbu.uib.no/ 

16. CRISPOR Web tool to find guide RNAs from an input sequence. [26] http://crispor.tefor.net/ 
17. CCTop Online, intuitive user interface for designing of guide RNAs. [27] 

 
https ://crisp r.cos.uni-heide lberg 
.de/index .html 

18. CRISPR-P 2.0 Web-services for computer-aided sgRNA designing with minimal off-target activity. [28] http://crispr.hzau.edu.cn/CRISPR2/  
19. GuideScan Software for the designing of gRNA libraries for various genomic regions. [29] http://www.guide scan.com/ 
20. CRISPR-GE Convenient, integrated toolkit to expedite all experimental designs and analyses of 

mutation for CRISPR/Cas/Cpf1- based genome editing in plants and other organisms 
[30] http://skl.scau.edu.cn 

21. CRISPR-Local High throughput tool for designing single -guide RNAs in plants and other organisms. [31] http://crispr.hzau.edu.cn/CRISPRLocal/ 
22. CRISPR-PLANT v2 Tool to predict off-target sites found in unbiased genome-wide studies. [32] http://www.genome.arizona.edu/crispr2/ 

 

 
Material and Methods: 
Workflow: 
The workflow in the CRISPR/gRNA primer design for engineering 
target sites in genomes using the CRISPRdirect software is shown 
in Figure 1. 
 
Sequence search using BLAST: 
Various DNA and protein sequence databases (NCBI, PDB, TAIR, 
Swissport, Rice Genome Annotation Project at MSU, etc.) are used 
for sequence search using BLASTN and BLASTX programs [33]. 
The rate likenesses among DNA and protein sequences were 

acquired utilizing MacVector programming (Acceleris, GmbH, 
Germany) and Bioedit programming (variant 7.25).  
 
Alignments of DNA sequences: 
Alignments of the DNA sequences were completed using the 
Bioedit software (version 7.25) and ClustalW (version 2.0) program 
[34] at EMBL.  
 
Primer design: 
The primers were designed using Mac-Vector (Acceleris, GmbH), 
Snap Gene (form 1.1.3), or using electronic programming, for 
example, Primer blast (http://www.ncbi.nlm.nih.gov/ 
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instruments/ groundwork impact/list) and Primer 3 plus 
(https://primer3plus.com/) with default values. Oligo-analyzer 
programming (http://www.idtdna.com) was used to check for the 
probability of self or hetero-dimer development in the planned set 
of Primers. These Primers were confirmed for their uniqueness 
using BLASTN at the NCBI database. The primers were further 
combined using IDT, Germany, or Sigma-Aldrich, India. 
 
gRNA synthesis: 
The target site to be knocked out was picked in the exonic region 
involved in gene expression. Thus, to pick the target sites in the 
cDNA sequence of the gene of interest was used. Both the forward 

and turn around single-stranded oligos of 20 ntds synthesized at 
IDT (USA) were used. 
 
Restriction map analysis: 
Restriction maps of DNA fragments were generated using the Snap 
Gene software (version 1.1.3) to recognize the restriction sites in the 
required DNA sequence for either cloning into a range of vectors or 
for the construction of primers containing restriction sites. 
 
Polymerase Chain Reaction: 
The amplification of target DNA sequence was performed using 
standard protocol with all required components (PCR mixture) 
including Taq polymerase, and pair of primers at overhang 
regions at the gRNA target sites. 

 

 
Figure 1: Flowchart of CRISPR/gRNA primer design for engineering target sites in genomes using the CRISPRdirect software. 
 
Table 2: A nucleotide BLAST data for Soluble Starch synthase (SSS) among Oryza sativa indica members 
Scientific Name Max Score Total Score Query Cover E value Per. Ident Acc. Len Accession 
Oryza sativa indica 1770 4188 100% 0.0 99.90% 10603 GQ150964.1 

Oryza sativa indica 1764 4177 100% 0.0 99.79% 25582588 CP018166.1 

Oryza sativa indica 1764 4177 100% 0.0 99.79% 20709915 CP012618.1 

Oryza sativa indica 1764 4182 100% 0.0 99.79% 9833 KF984391.1 

Oryza sativa indica 1764 4177 100% 0.0 99.79% 25797731 CP056061.1 

Oryza sativa indica 1764 4177 100% 0.0 99.79% 25690566 CP054685.1 

Oryza sativa indica 1764 4177 100% 0.0 99.79% 10603 GQ150963.1 

Oryza sativa indica 1764 4177 100% 0.0 99.79% 10603 GQ150968.1 

 

https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=Ds,ClustMemNbr,ClustTaxNbr,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_ENTREZ_QUERY=txid39946%20%5bORGN%5d&FORMAT_EQ_MENU=txid39946%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_ORGANISM=Oryza%20sativa%20Indica%20Group%20(taxid:39946)&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=4GFHUED4016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=1&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=Ds,ClustMemNbr,ClustTaxNbr,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_ENTREZ_QUERY=txid39946%20%5bORGN%5d&FORMAT_EQ_MENU=txid39946%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_ORGANISM=Oryza%20sativa%20Indica%20Group%20(taxid:39946)&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=4GFHUED4016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=2&HSP_SORT=1
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=Ds,ClustMemNbr,ClustTaxNbr,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_ENTREZ_QUERY=txid39946%20%5bORGN%5d&FORMAT_EQ_MENU=txid39946%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_ORGANISM=Oryza%20sativa%20Indica%20Group%20(taxid:39946)&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=4GFHUED4016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=4&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=Ds,ClustMemNbr,ClustTaxNbr,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_ENTREZ_QUERY=txid39946%20%5bORGN%5d&FORMAT_EQ_MENU=txid39946%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_ORGANISM=Oryza%20sativa%20Indica%20Group%20(taxid:39946)&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=4GFHUED4016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=0&HSP_SORT=0
https://blast.ncbi.nlm.nih.gov/Blast.cgi?CMD=Get&ADV_VIEW=yes&ADV_VIEW=on&ALIGNMENTS=100&ALIGNMENT_VIEW=Pairwise&CONFIG_DESCR=Ds,ClustMemNbr,ClustTaxNbr,Sc,Ms,Ts,Cov,Eval,Idnt,AccLen,Acc&DATABASE_SORT=0&DESCRIPTIONS=100&DYNAMIC_FORMAT=on&FIRST_QUERY_NUM=0&FORMAT_ENTREZ_QUERY=txid39946%20%5bORGN%5d&FORMAT_EQ_MENU=txid39946%20%5bORGN%5d&FORMAT_NUM_ORG=1&FORMAT_OBJECT=Alignment&FORMAT_ORGANISM=Oryza%20sativa%20Indica%20Group%20(taxid:39946)&FORMAT_PAGE_TARGET=&FORMAT_TYPE=HTML&GET_SEQUENCE=yes&I_THRESH=&LINE_LENGTH=60&MASK_CHAR=2&MASK_COLOR=1&NUM_OVERVIEW=100&PAGE=MegaBlast&QUERY_INDEX=0&QUERY_NUMBER=0&RESULTS_PAGE_TARGET=&RID=4GFHUED4016&SHOW_LINKOUT=yes&SHOW_OVERVIEW=yes&STEP_NUMBER=&ADV_VIEW=on&DISPLAY_SORT=3&HSP_SORT=3
https://blast.ncbi.nlm.nih.gov/Blast.cgi
https://www.ncbi.nlm.nih.gov/nucleotide/GQ150964.1?report=genbank&log$=nucltop&blast_rank=1&RID=4GFHUED4016
https://www.ncbi.nlm.nih.gov/nucleotide/CP018166.1?report=genbank&log$=nucltop&blast_rank=2&RID=4GFHUED4016
https://www.ncbi.nlm.nih.gov/nucleotide/CP012618.1?report=genbank&log$=nucltop&blast_rank=3&RID=4GFHUED4016
https://www.ncbi.nlm.nih.gov/nucleotide/KF984391.1?report=genbank&log$=nucltop&blast_rank=4&RID=4GFHUED4016
https://www.ncbi.nlm.nih.gov/nucleotide/CP056061.1?report=genbank&log$=nucltop&blast_rank=5&RID=4GFHUED4016
https://www.ncbi.nlm.nih.gov/nucleotide/CP054685.1?report=genbank&log$=nucltop&blast_rank=6&RID=4GFHUED4016
https://www.ncbi.nlm.nih.gov/nucleotide/GQ150963.1?report=genbank&log$=nucltop&blast_rank=7&RID=4GFHUED4016
https://www.ncbi.nlm.nih.gov/nucleotide/GQ150968.1?report=genbank&log$=nucltop&blast_rank=8&RID=4GFHUED4016
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Figure 2: Phylogenetic tree for Soluble Starch synthase (SSS) among Oryza sativa indica 
 

 
Figure 3: Data retrieval using the ‘CRISPRdirect’ software is shown. Sequence data of a gene with gene ID is entered. This is followed by 
the running of algorithm and display of results by CRISPR direct in the form of 20mer + PAM sequence. Percent (%) of GC content, melting 
temperature (Tm) of 20 mer, and available restriction sites are also shown. 
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Results: 
Sequence search using BLAST: 
A BLAST data for the target gene Soluble Starch Synthase (SSS) 
from Oryza sativa indica showed 8 closes matches with 100% query 
coverage, and 99.90% to 99.79% identity (Table 2). Distance tree for 
the data is shown in Figure 2. 
 
Table 3: Description of Soluble Starch Synthase II (1, 2 and 3 isomers) data 

S. No. Gene (CDS) Location (Oryza sativa) Protein ID/Gene 
1 Soluble Starch  

Synthase II-1 
 
 

OsSSII-1 (LOC_Os10g30156) 
 

Q7XE48/ 
Os10g0437600 

2 Soluble Starch 
 Synthase II-2 
 

OsSSII-2 (LOC_Os02g51070) 
 

Q6Z2T8/ 
Os02g0744700 

3 Soluble Starch 
 Synthase II-3 
 

OsSSII-3 (LOC_Os06g12450) 
 

Q0DDE3/ 
Os06g0229800 

 
Primers of CRISPR/Cas9 gRNA: 
CRISPR primers and gRNA were designed for SSS II 1, 2 and 3 
(Tables 3, 4, and 5) using CRISPRdirect (Figure 3). Primers for 

other required genes such as hygromycin resistant gene 
(hygromycin phos-phor-transferase, hpt) and Cas9 were also 
designed (Table 6). Next-generation sequences (NGS) were used 
for generating targeted sequences. Blast search likeness of SSS II-1, 
2 and 3 (Table 3) gene sequences were completed at several DNA 
databases (PDB, NCBI, TAIR, Swissport, Rice Genome Explanation 
at MSU). Alignment of the SSS II sequences were completed using 
the bio edit software (version 7.25) and ClustalW (version 2.0) 
program [34] of EMBL. The majority of the primers of CRISPR 
gRNA for target specific sequences of SSS II were done either using 
the Mac-Vector (Acceleris, GmbH), CRISPRdirect, Snap Gene (form 
1.1.3), or electronic programming, for example, Primer blast 
(http://www.ncbi.nlm.nih.gov/instruments/groundwork 
impact/list) and Primer 3 plus (https://primer3plus.com/) with 
default limitations. Oligo-analyzer programming 
(http://www.idtdna.com) was used to check for the probability of 
self or heterodimer development in the designed set of Primers of 
CRISPR Cas9. These Primers were confirmed for their uniqueness 
using BLASTN at the NCBI database. 

 
Table 4: Sequences for sgRNAs of SSS II -1, 2, and 3 
Gene  gRNA Orientation Oligo Sequence (5`→3`) 
SSS II-1 gRNA1 F CAGGGGGAGTAGCAGGATCCCGAA 

R AAACTTCGGGATCCTGCTACTCCC 
gRNA2 F CAGGGCGTGTGGAGGCTCAGAATT 

R AAACAATTCTGAGCCTCCACACGC 
SSS II-2 gRNA1 F CAGGGTTTGGTGGCACTTGTATGG 

R AAACCCATACAAGTGCCACCAAAC 
gRNA2 F CAGGTAGGTGTCCGCAAACGTTAC 

R AAACGTAACGTTTGCGGACACCTA 
 
SSS II-3 

 
gRNA1 

F 
R 

CAGGGTCACGGGGAGGGCCCAGGA 
AAACTCCTGGGCCCTCCCCGTGAC 

 
gRNA2 

F 
R 

CAGGTAGATCTTCCCCTATTCCTG 
AAACCAGGAATAGGGGAAGATCTA 

 
Table 5:  Primers for sgRNAs targeted sequences of SSS II -1, 2, and 3. 
Gene Sequence (5`→3`) 
OsSSSII-1 Forward primer - GACTCCACCACCTTCTCCT              

Reverse primer -  ATAGACACCTGCTTGACCCC 
OsSSSII-2                               Target 1 
 

Target 2 
 

 
Forward primer -GCGGCGGCGGATCCTATGTC 
Reverse primer - GCACTAACTAATTGCACGTTCTGGC 
 
Forward primer –CCACAACGTAAGAGACTAAGAGGTGG 
Reverse primer – ATATCATTGTGCCGGTGTCGAAAGG 

OsSSSII-3 
Target 1 
 
Target 2 

 
Forward primer - CCATTTCATCCCCCGCACGGCAC 
Reverse primer - GCACGCGCAAGCACACGCGTC 
 
Forward primer - CGGAACGGATCGGTCGTTACC 
Reverse  primer – AGCCAAAGGGCCCGAATCGTC 

 
Table 6: Primers of hygromycin resistant gene (hpt) and Cas9 genes 
S. No. Gene Primer sequence (5`--3`) 
1 Hpt F- GCCTGAACTCACCGCGACG 

R-CAGCCATCGGTCCAGACG 
2 Cas9 F-TCGGCGAACTCCATGCTAT 

R-TCACCTTGTCGTCGAACAGG 

 
Discussion: 
The CRISPR/Cas9 application is used for gene editing. Gene 
editing in the intronic region will have no impact. Targeting exon 

regions is essential for effective approach to delete functional 
segment of gene in CRISPR/Cas9-mediated genome editing. The 
gRNA can be changed by digesting the scaffold vector with an 
appropriate restriction enzyme to clone sgRNA. cDNA sequences 
of three OsSSSII-1, OsSSSII-2, and OsSSSII-3 genes were used in the 
CRISPRdirect program predict potential gRNAs. The CRISPRdirect 
identified few target sites which were promptly adjoining PAM 
sequences while checking the sense and antisense strands of both 
the cDNAs. The target sequence resembled 5′-N (20)- NGG-3′ or 5′-
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CCN-N (20)- 3′. The target sequence which is 20 ntds, was available 
only near the PAM sequence which is 5'NGG3'. Both the forward 
and turn around single-stranded oligos of 20 ntds were obtained 
from IDT (USA). These data shows that CRISPRdirect [11] CRISPR-
p [35] Cas-OF finder [16] and Cas-OT [36] are important tools for 
designing gRNAs and for predicting off targets. Design of primers 
of CRISPR/Cas9 gRNA using CRISPRdirect is simple and effective. 
The program generates a list of 20-22 bp spacers for targeted 
sequence for a gene with the search of PAMs (5`-NGG-3`) on both 
gene strands. Thus, we describe the enhanced amylose rice (data 
not shown) using CRISPR/Cas9 tool targeting isoforms 1, 2 and 3 
of SSSII. Hence, designed gRNA respective targeted SSSII-1, SSSII-
2, and SSSII-3 in the Indica rice with transgenic-free homozygous 
SSSII mutant were generated. Therefore, food product made of 
flour with higher amylose content with resistant starch (RS) is 
possible from effective design of primers.  
 
Conclusion: 
We describe the use of the CRISPRdirect tool in the design of 
CRISPR/gRNA primers for soluble starch synthases (SSS) II-1, 2, 
and 3 genes in the Oryza sativa genome followed by the PCR-
mediated amplification of SSS with corresponding confirmation 
towards genome editing. Thus, the use of the CRISPRdirect tool in 
the design of CRISPR/gRNA primers towards genome editing 
having improved phenotype features is illustrated. 
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