A protocol for the assembly of 2 or 3 sgRNAs

Table of contents
SIMPIIFIE PIrOTOCOI . ueeiiiireee et ee e et e e e et b e e e s ba e e e e abaeeeesreeeeeabaeeeeesraeeesnreeens
Table 1 Nomenclature of PCR ProdUCES/PriMmErs ........ccueeeereeeeeeeeee e cetee e et eveeereeeeveseeveeeeveees
Table 2 Structure features OFf PrIMEIS ....cccvvei et et e e e e e e earee e e eanes
Sequence of DT1T2-PCR with Targets 1 and 2 for diCotS .....cuviiiirreiieiiiiececreee e
Sequence of two sgRNA expression cassettes for diCotS .......viivvriiiiiiieeiiiieee e
Sequence of DT1-PCR With Target 1 for diCOTS.....cuuiiiiiiiiiiiiiee ettt ettt
Sequence of DT2T3-PCR2 with Targets 2 and 3 for diCotS .......covvviiiiiiieieiiieee e
Sequence of three sgRNA expression cassettes for dicots......ccovvmiiiriiiriniciie i,

Please note: target selection is important for the success.
Better targets include two aspects:
(1) Specificity (with fewest potential off-targets)
(2) Efficiency (with high efficiency for the on-target cleavage)
For highly efficient targets, please refer to:
http://www.crisprscan.org/
http://crispr.wustl.edu
http://rgenome.net/cas-designer/



Simplified protocol

1.

4.

5.

6.

Manually search for 23-bp target sites (5'-N,oNGG-3') within exons of genomic DNA
sequences of genes of interest, and then evaluate target specificities on the website of
potential off-target finder (http://www.rgenome.net/cas-offinder/). Users can also search

for target sites on the website of genome-wide prediction of plant CRISPR/Cas9 target sites
(http://www.genome.arizona.edu/crispr/CRISPRsearch.html).

Design primers:

a) Find names of PCR fragments/primers in Table 1.

b) Design primers according to the sequence features in Table 2.

Carry out PCR reactions according to information provided under the sequences of the PCR
fragments. As an example, the reaction mixture and reaction conditions are as follows for
construction of pHEE401-2sgRNA:

Component Volume Cycling conditions
10x KOD plus Buffer 5ul
MgS04 (25mM) 3ul
dNTPs (2mM, Toyobo) 4 ul
KOD plus (Toyobo) 1ul
. . One cycle: 94 °C, 2 min.
pCBC-DT1T2 (diluted to 200 times) 1 pl
2. 30cycles: 94 °C, 15 segc;
DT1-BsF (20 uM) 1ul )
60 °C, 30 sec; 68 °C, 1 min.
DT1-FO (1 pM) 1l . i
3. Onecycle: 68 °C, 5 min
DT2-RO (1 pM) 1pl
DT2-BsR (20 uM) 1l
Total volume 50 ul

Set up Golden Gate reactions as follows:

Component Volume Reaction conditions
Purified PCR framents (~¥100 ng/ul) 2 pl
HEE401 (~100 ng/ul) | o 2 u| > hours at 37°C
~ n
P . &/ H 5 min at 50°C
10x T4 DNA Ligase Buffer (NEB) 1.5 ul )
10 min at 80°C
10x BSA 1.5l
Bsal (NEB) 1ul ) .
. NOTE: It is essential to use a
T4 DNA Ligase (HC, NEB) 1ul ] ) ]
High Concentration (HC) Ligase
ddH,0 6 ul ., .
(2 million units/ml, NEB)
Total volume 15 ul

Transform E.coli competent cells with 5 ul of reaction mixture, and select positive clones on
kanamycin LB agar plates.

Identify correct clones by colony PCR and verify them by sequencing.


http://www.rgenome.net/cas-offinder/
http://www.genome.arizona.edu/crispr/CRISPRsearch.html

Table 1 Nomenclature of PCR products/primers

sgRNAs PCR product Primers Template

2 DT1T2-PCR BE:E;%DTE;; pCBC-DT1T2

3 DT1-PCR %(EEEEE/;Z:; pCBC-DT1T2
DT2T3-PCR2 DT3-RO/DT3-BsR pCBC-DT2T3

Note: Always dilute the FO/RO primers to 20 times of the F/R primers.

Table 2 Structure features of primers

DT1-BsF |ATATATGGTCTCGATTGNNNNNNNNNNNNNNNNNNNGTT
DT1-FO | TGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGC
For 2 sgRNAs | DT1T2-PCR
DT2-RO | AACNNNNNNNNNNNNNNNNNNNCAATCTCTTAGTCGACTCTAC
DT2-BsR | ATTATTGGTCTCGAAACNNNNNNNNNNNNNNNNNNNCAA
DT1-BsF |ATATATGGTCTCGIAT TGINNNNNNNNNNNNNNNNNNNGTT
DT1-PCR  |DT1-FO |TGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGC
DTO-BsR2 | ATATTATTGGTCTCAAT C T|CTTAGTCGACTCTACCAAT
For 3 sgRNAs DT2-BsF2 | ATATTATTGGTCTCA/A G ATITGNNNNNNNNNNNNNNNNNNNGTT
DT2-FO | TGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGC
DT2T3-PCR2
DT3-RO | AACNNNNNNNNNNNNNNNNNNNCAATCACTACTTCGTCTCTAACCAT
DT3-BsR | ATTATTGGTCTCGIAAACINNNNNNNNNNNNNNNNNNNC

Notes:
1. Standard format of targets sites is

N,oNGG. If your target sites located in complementary

strain (CCNNyg), you should transform them into standard format.

2. For F/FO primers, you should replace the 19-nt N with your 19-nt target sequence in front of

PAM (NGG).

3. For R/RO primers, you should replace the 19-nt N with your reverse complement sequence
of 19-nt target sequence in front of PAM (NGG).




Sequence of DT1T2-PCR with Targets 1 and 2 for dicots
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(Target-1)-(sgRNA-Sc)-(U6-26t)-(U6-29p)-(Target-2)
ATATATGGTCTCGATTGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAG
GCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTTGCAAAATTTTCCAGATCGATTT
CTTCTTCCTCTGTTCTTCGGCGTTCAATTTCTGGGGTTTTCTCTTCGTTTTCTGTAACTGAAACCTAAAATTTG
ACCTAAAAAAAATCTCAAATAATATGATTCAGTGGTTTTGTACTTTTCAGTTAGTTGAGTTTTGCAGTTCCGAT
GAGATAAACCAATATTAATCCAAACTACTGCAGCCTGACAGACAAATGAGGATGCAAACAATTTTAAAGTTT
ATCTAACGCTAGCTGTTTTGTTTCTTCTCTCTGGTGCACCAACGACGGCGTTTTCTCAATCATAAAGAGGCT
TGTTTTACTTAAGGCCAATAATGTTGATGGATCGAAAGAAGAGGGCTTTTAATAAACGAGCCCGTTTAAG
CTGTAAACGATGTCAAAAACATCCCACATCGTTCAGTTGAAAATAGAAGCTCTGTTTATATATTGGTAGAG
TCGACTAAGAGATTGNNNNNNNNNNNNNNNNNNNGTTTAGAGACCAATAAT

Primers:

DT1-BsF: ATATATGGTCTCGATTGNNNNNNNNNNNNNNNNNNNGTT
DT1-FO: TGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGC
DT2-RO: AACNNNNNNNNNNNNNNNNNNNCAATCTCTTAGTCGACTCTAC
DT2-BsR: ATTATTGGTCTCGAAACNNNNNNNNNNNNNNNNNNNCAA

Template: pCBC-DT1T2

Length: 626-bp

Notes:

1. 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).

2. Forthe assembly of two sgRNA expression cassettes, use DT1-BsF/DT1-FO/DT2-R0/DT2-BsR

four-primer mixture with DT1-FO/DT2-RO diluted to 20 times of DT1-BsF or DT2-BsR,
resulting in DT1T2-PCR.



Sequence of two sgRNA expression cassettes for dicots
DT1DT2-PCR + pHEE401 et al.
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(U6-26p)-(Target-1)-(sgRNA-Sc)-(U6-26t)-(U6-29p)-(Target-2)-(sgRNA-Sc)-(U6-26t)
CGACTTGCCTTCCGCACAATACATCATTTCTTCTTAGCTTTTTTTCTTICTTCTTCGTTCATACAGTTTTTTTTIGT
TTATCAGCTTACATTTTCTTGAACCGTAGCTTTCGTTTTCTTCTTTTTAACTTTCCATTCGGAGTTTTTGTATCTT
GTTTCATAGTTTGTCCCAGGATTAGAATGATTAGGCATCGAACCTTCAAGAATTTGATTGAATAAAACATCTT
CATTCTTAAGATATGAAGATAATCTTCAAAAGGCCCCTGGGAATCTGAAAGAAGAGAAGCAGGCCCATTTAT
ATGGGAAAGAACAATAGTATTTCTTATATAGGCCCATTTAAGTTGAAAACAATCTTCAAAAGTCCCACATCGC
TTAGATAAGAAAACGAAGCTGAGTTTATATACAGCTAGAGTCGAAGTAGTGATTGNNNNNNNNNNNNNN
NNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACC
GAGTCGGTGCTTTTTTTTGCAAAATTTTCCAGATCGATTTCTTCTTCCTCTGTTCTTCGGCGTTCAATTTCTGG
GGTTTTCTCTTCGTTTTCTGTAACTGAAACCTAAAATTTGACCTAAAAAAAATCTCAAATAATATGATTCAGTG
GTTTTGTACTTTTCAGTTAGTTGAGTTTTGCAGTTCCGATGAGATAAACCAATATTAATCCAAACTACTGCAG
CCTGACAGACAAATGAGGATGCAAACAATTTTAAAGTTTATCTAACGCTAGCTGTTTTGTTTCTTCTCTCTG
GTGCACCAACGACGGCGTTTTCTCAATCATAAAGAGGCTTGTTTTACTTAAGGCCAATAATGTTGATGGAT
CGAAAGAAGAGGGCTTTTAATAAACGAGCCCGTTTAAGCTGTAAACGATGTCAAAAACATCCCACATCGT
TCAGTTGAAAATAGAAGCTCTGTTTATATATTGGTAGAGTCGACTAAGAGATTGNNNNNNNNNNNNNN
NNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACC
GAGTCGGTIGCTTTTTTTTIGCAAAATTTTCCAGATCGATTTCTTCTTCCTCTGTTCTICGGCGTTCAATTTCTGG
GGTTTTCTCTTCGTTTTCTGTAACTGAAACCTAAAATTTGACCTAAAAAAAATCTCAAATAATATGATTCAGTG
GTITTTGTACTTTTCAGTTAGTTGAGTTTTGCAGTTCCGATGAGATAAACCAATA

Notes:

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'): Sequencing primers (5'>3'):
U6-26p-F: TGTCCCAGGATTAGAATGATTAGGC | U6-26p-F: TGTCCCAGGATTAGAATGATTAGGC
U6-29p-R: AGCCCTCTTCTTTCGATCCATCAAC | U6-29p-F: TTAATCCAAACTACTGCAGCCTGAC

(U6-26p-F + U6-29p-R = 726 bp)



Sequence of DT1-PCR with Target 1 for dicots
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(Target-1)-(sgRNA-Sc)-(U6-26t)-(U6-29p)
ATATATGGTCTCGAT T GINNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTTAAAAT
AAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTTGCAAAATTTTCCAGATCG
ATTTCTTCTTCCTCTGTTCTTCGGCGTTCAATTTCTGGGGTTTTCTCTTCGTTTTCTGTAACTGAAACCTAAAAT
TTGACCTAAAAAAAATCTCAAATAATATGATTCAGTGGTTTTGTACTTTTCAGTTAGTTGAGTTTTGCAGTTCC
GATGAGATAAACCAATATTAATCCAAACTACTGCAGCCTGACAGACAAATGAGGATGCAAACAATTTTAAAG
TTTATCTAACGCTAGCTGTTTTGTTTCTTCTCTCTGGTGCACCAACGACGGCGTTTTCTCAATCATAAAGAG
GCTTGTTTTACTTAAGGCCAATAATGTTGATGGATCGAAAGAAGAGGGCTTTTAATAAACGAGCCCGTTTA
AGCTGTAAACGATGTCAAAAACATCCCACATCGTTCAGTTGAAAATAGAAGCTCTGTTTATATATTGGTAG
AGTCGACTAAGIA G A TTGAGACCAATAATAT
Primers:

DT1-BsF: ATATATGGTCTCGNNNN NNNNNNNNNNNNNNNGTT

DT1-FO: TGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGC

DT0-BsR2:5'  ATATTATTG GTCTCACTTAG TCGACTCTACCAAT
Template: pCBC-DT1T2
Length: 603-bp
Notes:
1. 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).

2. Enlarged and boxed letters indicate 5' protruding ends produced by Bsal digestion.

When using DT1-BsF/DT1-FO/DT0-BsR2 three-primer mixture, dilute DT1-FO to 20 times of
DT1-BsF or DTO-BsR2.




Sequence of DT2T3-PCR2 with Targets 2 and 3 for dicots

Voo %
X - "\ X
¥ D AR 3
&’bﬂ Q% Q‘o Q‘O &’bS

I l pi-

(Target-2)-(sgRNA-Sc)-(U6-29t)-(U6-1p)-(Target-3)
ATATTATTGGTCTCA/AG ATITGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGCAAGTT
AAAATAAGGCTAGTCCGTTATCAACTTGAAAAAGTGGCACCGAGTCGGTGCTTTTTTTGGATAGAATTTCCC
AGCTTTTTTGCGTGTTTCAGCTCTCATGATCCTTGGCCAATGGGTGTAGTAAATTTTCTGCACATTCATTGG
ATGGAAAATAATGGTTTTAGCTTTAGGGAATAAGAAAAGTGTATAGGAAGGGGATTTTTGTACAATCACA
TTTGAATTAGGTCTTTGAAATGACAGGGAATGAGGACATATGATGAGACGGTCATTGTTTTAGTTCCACCA
CGATTATATTTGAAATTTACGTGAGTGTGAGTGAGACTTGCATAAGAAAATAAAATCTTTAGTTGGGAAA
AAATTCAATAATATAAATGGGCTTGAGAAGGAAGCGAGGGATAGGCCTTTTTCTAAAATAGGCCCATTTA
AGCTATTAACAATCTTCAAAAGTACCACAGCGCTTAGGTAAAGAAAGCAGCTGAGTTTATATATGGTTAG
AGACGAAGTAGTGATTGNNNNNNNNNNNNNNNNNNN/G T T TICGAGACCAATAAT
Primers:
DT2-BsF2: 5' ATATTATTGGTCTCAA G ATITGNNNNNNNNNNNNNNNNNNNGTT 3"
DT2-FO:5' TGNNNNNNNNNNNNNNNNNNNGTTTTAGAGCTAGAAATAGC 3'
DT3-R0:5' AACNNNNNNNNNNNNNNNNNNNCAATCACTACTTCGTCTCTAACCAT  3'
DT3-BsR: 5' ATTATTGGTCTCG/AAACNNNNNNNNNNNNNNNNNNNC 3’
Template: pCBC-DT2T3
Length: 613-bp
Notes:
1. 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).

2. Enlarged and boxed letters indicate 5' protruding ends produced by Bsal digestion.

When using DT2-BsF2/DT2-FO/DT3-R0/DT3-BsR four-primer mixture, dilute DT2-FO and
DT3-R0 to 20 times of DT2-BsF2 or DT3-BsR.



Sequence of three sgRNA expression cassettes for dicots

DT1-PCR + DT2T3-PCR2 + pHEE401 et al.
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(U6-26p)-(Target-1)-(SgRNA-SC)-(U6-26t)-(U6-29p)-(Target-2)-(5gRNA=SC)- (U6-29t)-
(U6-1p)-(Target-3)-(sgRNA=Sc)-(U6-26t)

CGACTTGCCTTCCGCACAATACATCATTTCTTCTTAGCTTTTTTTCTTCTTCTTCGTTCATACAGTTTTTTTTTGTTTATCAGCTTACA
TTTTCTTGAACCGTAGCTTTCGTTTTCTTCTTTTTAACTTTCCATTCGGAGTTTTTGTATCTTGTTTCATAGTTTGTCCCAGGATTAG
AATGATTAGGCATCGAACCTTCAAGAATTTGATTGAATAAAACATCTTCATTCTTAAGATATGAAGATAATCTTCAAAAGGCCCCT
GGGAATCTGAAAGAAGAGAAGCAGGCCCATTTATATGGGAAAGAACAATAGTATTTCTTATATAGGCCCATTTAAGTTGAAAAC

AATCTTCAAAAGTCCCACATCGCTTAGATAAGAAAACGAAGCTGAGTTTATATACAGCTAGAGTCGAAGTAGTGIAT T GINN
NNNNNNNNNNNNNNNNN

TTTTTTTGCAAAATTTTCCAGATCGATTTCTTCTTCCTCTGTTCTTCGGCGTTCAATTTCTGGGGTTTTCTCTT
CGTTTTCTGTAACTGAAACCTAAAATTTGACCTAAAAAAAATCTCAAATAATATGATTCAGTGGTTTTGTACTTTTCAGTTAGTTG
AGTTTTGCAGTTCCGATGAGATAAACCAATATTAATCCAAACTACTGCAGCCTGACAGACAAATGAGGATGCAAACAATTTTA
AAGTTTATCTAACGCTAGCTGTTTTGTTTCTTCTCTCTGGTGCACCAACGACGGCGTTTTCTCAATCATAAAGAGGCTTGTTTT
ACTTAAGGCCAATAATGTTGATGGATCGAAAGAAGAGGGCTTTTAATAAACGAGCCCGTTTAAGCTGTAAACGATGTCAAA
AACATCCCACATCGTTCAGTTGAAAATAGAAGCTCTGTTTATATATTGGTAGAGTCGACTAAG|A G A TITGNNNNNNNN
NNNNNNNNNNN
GGTGCTTTTTTTGGATAGAATTTCCCAGCTTTTTTGCGTGTTTCAGCTCTCATGATCCTTGGCCAATGGGTGTAGTAAATTTTC
TGCACATTCATTGGATGGAAAATAATGGTTTTAGCTTTAGGGAATAAGAAAAGTGTATAGGAAGGGGATTTTTGTACAATCA
CATTTGAATTAGGTCTTTGAAATGACAGGGAATGAGGACATATGATGAGACGGTCATTGTTTTAGTTCCACCACGATTATATT
TGAAATTTACGTGAGTGTGAGTGAGACTTGCATAAGAAAATAAAATCTTTAGTTGGGAAAAAATTCAATAATATAAATGGG
CTTGAGAAGGAAGCGAGGGATAGGCCTTTTTCTAAAATAGGCCCATTTAAGCTATTAACAATCTTCAAAAGTACCACAGCGC
TTAGGTAAAGAAAGCAGCTGAGTTTATATATGGTTAGAGACGAAGTAGTGATTGNNNNNNNNNNNNNNNNNNN|GTT]

TITTIIT
GCAAAATTTTCCAGATCGATTTCTTCTTCCTCTGTTCTTCGGCGTTCAATTICTGGGGTTTTCICTTCGTTITCTGTAACTGAAACC
TAAAATTTGACCTAAAAAAAATCTCAAATAATATGATTCAGTGGTTTTGTACTTTTCAGTTAGTTGAGT TTTGCAGTTCCGATGAG
ATAAACCAATA

Notes:

1. Underlined letters come from binary vectors, while the others come from PCR fragments.
Red letters indicate primer sites.
Enlarged and boxed letters indicate 5' protruding ends produced by Bsal digestion.

W

Primer sequences are as follows:
Colony PCR primers (5'=2>3') Sequencing primers (5'2>3'):
U6-29p-F: TTAATCCAAACTACTGCAGCCTGAC | U6-29p-F: TTAATCCAAACTACTGCAGCCTGAC
U6-1p-R: TATGCAAGTCTCACTCACACTCACG U6-29p-R: AGCCCTCTTCTTTCGATCCATCAAC
(U6-29p-F + U6-1p-R = 659 bp) U6-29t-F: CGTGTTTCAGCTCTCATGATCCTTG



