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CRISPRi gene silencing in mycobacteria       version 4; Mar 3, 2017 
      Jeremy Rock 

 
Background reading 
 
Repurposing CRISPR as an RNA-guided platform for sequence-specific control of gene expression. 
Qi LS, Larson MH, Gilbert LA, Doudna JA, Weissman JS, Arkin AP, Lim WA. Cell 2013. 
 
Programmable transcriptional repression in mycobacteria using an orthogonal CRISPR interference 
platform. 
Rock JM, Hopkins FF, Chavez A, Diallo M, Chase MR, Gerrick ER, Pritchard JR, Church GM, Rubin EJ, 
Sassetti CM, Schnappinger D, Fortune SM. Nature Microbiology 2017. 
 
Overview 
 
This system utilizes a catalytically-inactivated CRISPR1 cas9 allele from Streptococcus thermophilus 
(abbreviated Sth1 dCas9 hereafter). To silence your favorite gene in mycobacteria you need: 
 

1) Sth1 dCas9 
2) Sth1 sgRNA targeted to your favorite gene 
3) An appropriately located protospacer adjacent motif (PAM) in your favorite gene 

 
Gene silencing is effective when targeting either the template or non-template strand of the gene 
promoter, or the non-template strand of the gene 5’UTR and ORF (see figures below). 
 

 
 
Keep in mind that CRISPRi is polar- i.e. any gene in an operon downstream of the sgRNA binding site 
will also be silenced. There is also recent evidence for a minor “upstream” polar effect: see Peters et al. 
Cell 2016 and our manuscript for details of this phenomenon. 
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CRISPRi backbones 
 
To optimize CRISPRi in different mycobacterial species, we have designed multiple CRISPRi backbone 
variants. These backbones differ primarily in the level of expression of the Tet repressor, but also have 
minor changes in the sgRNA and Cas9 promoters. The CRISPRi backbone for M. smegmatis (Msmeg) is 
PLJR962, and the current optimum for M. tuberculosis (Mtb) is PLJR965. These optima may change 
somewhat over time, but these backbones work as advertised in the Nature Microbiology manuscript.  
 
The reason for the use of different plasmid backbones in different species is that anhydrotetracycline 
(ATc; the small molecule regulator of the Tet repressor) appears to be differentially efficacious in Msmeg 
vs Mtb. That is, the same concentration of ATc used in Msmeg seems to have greater ability to inactivate 
TetR pools than in Mtb, thereby allowing one to use higher levels of TetR in Msmeg. Higher levels of 
TetR, in turn, lead to less leaky expression of the CRISPRi system, which is important when targeting 
essential genes. 
 
All plasmid sequences will be provided. 
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sgRNA design 
 
As mentioned above, sgRNAs can be designed to target 
either the promoter, the 5’UTR, or the open reading 
frame (ORF) of a gene. Targeting requires both 
Watson-Crick base-pairing between your sgRNA and 
the target, and an appropriately spaced PAM. The PAM 
licenses R-loop formation by the Cas9-sgRNA complex 
and is essential for targeted gene knockdown. 
 
The published PAM conesnsus for Sth1 Cas9 is 5’-
NNAGAAW-3’. We have since defined an expanded 
repertoire of functional PAMs in vivo for Sth1 dCas9 
(see “PAM Table” to the right). Listed are the PAM 
sequences, the fold-knockdown achieved against a 
Renilla target (all PAMs were tested with an identical 
sgRNA), and the standard deviation (SD). As you can 
see, the “strongest” PAMs are those most similar to the 
consensus 5’-NNAGAAW-3’; the further away you get 
from this consensus the less well the PAM works for 
targeted gene knockdown. From this assay, we made 
an arbitrary cutoff of 25-fold knockdown or better, which 
increases the number of functional PAMs from 2 to 15. 
Importantly, this increases the targeting site density of 
our Sth1 dCas9 system to approximately one targetable 
site every 50 bp in the H37Rv genome. 
 
The sgRNA design process works as follows: 
 
I recommend beginning by targeting a gene in M. smegmatis, just to make sure all elements of sgRNA 
design and cloning are working properly. 
 
1) Identify PAMs in your favorite gene’s promoter, 5’UTR, and ORF. 
 

PAM “strength”: if you want maximal gene knockdown, use the “strongest” PAMs listed in the 
table above. 

 
PAM strand: As described above, gene silencing is effective when targeting either the template or 
non-template strand of the gene promoter, or the non-template strand of the gene 5’UTR and 
ORF. This means that when targeting the promoter, PAMs can be located on either DNA strand; 
when targeting the 5’UTR or the ORF, the PAM must be located in the template strand (see 
Figure 2 below for more detail). 

 
PAM location relative to transcriptional start site (TSS): In contrast to published reports showing 
that targeting near the 5’ end of the gene is optimal, we do not see this bias. This means that you 
can target the best PAMs in the promoter, 5’UTR, or ORF, without concern for how far from the 
gene/operon TSS your sgRNA targets. 
 

Anecdotally, even relatively weakly acting PAMs from the table above can still work quite well for 
targeted gene knockdown. And, in fact, these weaker PAM variants can be used as a method to tune 
gene knockdown. 
 
2) Extract the sgRNA targeting sequence, which should be designed to be ~20 nts. Since mycobacterial 
transcription initiates most efficiently with an “A” or “G,” I usually select the first 20 nucleotides 5’ to the 
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PAM. If the 20th nucleotide is not an “A” or a “G,” I move to 21 nucleotides. If the 21st nucleotide is not an 
“A” or “G”, etc. 
 
Here is an example of an sgRNA targeting the groEL1 Mtb gene: 
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sgRNA cloning overview 
 
Shown below are details of sgRNA oligo design and sgRNA cloning scheme. 
 
You will first need to amplify the CRISPRi backbones in E. coli (kanamycin selection), digest them with 
BsmBI (NEB), and gel purify prior to cloning sgRNAs. 
 
What follows is a depiction of how one would clone the sgRNA targeting the Mtb groEL1 gene described 
in Figure 2.  
 
Sth1 dCas9 CRISPRi backbone: 
 
TATAATCTGGGAGGAGACGATTAATGCGTCTCGGTTTTTGTACTCG 
ATATTAGACCCTCCTCTGCTAATTACGCAGAGCCAAAAACATGAGC 
 
-10 site 
 
Transcriptional start site (TSS) 
 
BsmBI 
5’-CGTCTC(N)1-3’ 
3’-GCAGAG(N)5-5’ 
 
Sth1 dCas9 handle (partial) 
GTTTTTGTACTCG 
CAAAAACATGAGC 
 
STEP 1. Digest and gel purify the CRISPRi backbone: 
 
TATAATCT  GGGAGGAGACGATTAATGCGTCTCG  GTTTTTGTACTCG 
ATATTAGACCCT     CCTCTGCTAATTACGCAGAGCCAAA       AACATGAGC 
 
To clone the groEL1 sgRNA, you will need to design two oligos. The top strand or “forward” primer will 
correspond to the transcribed sequence of your sgRNA, and the bottom strand or “reverse” primer will be 
the reverse complement. To regenerate the sgRNA promoter and dCas9 handle sequences, you will 
need to add the sequences 5’-GGGA-3’ to your forward primer and 5’-AAAC-3’ to your reverse primer.  
 
STEP 2. Oligos targeting groEL1 from Figure 2: 
 
groEL1_F 
5’-GGGAGTCGGTAACGAAGTATGCCGA-3’ 
groEL1_R 
5’-AAACTCGGCATACTTCGTTACCGAC-3’ 
 
Then all you do is anneal these two primers and ligate them into your gel purified BsmBI-digested 
CRISPRi vector (see below for a more detailed protocol of this step). 
 
STEP 3. Anneal and ligate oligos into the CRISPRi backbone: 
 
Annealed oligos: 
 

5’-GGGAGTCGGTAACGAAGTATGCCGA-3’ 
    3’-CAGCCATTGCTTCATACGGCTCAAA-‘5 
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Ligation 
 
TATAATCT  GGGAGTCGGTAACGAAGTATGCCGA   GTTTTTGTACTCG 
ATATTAGACCCT     CAGCCATTGCTTCATACGGCTCAAA       AACATGAGC 
 
STEP 4. Final product: 
 
TATAATCTGGGAGTCGGTAACGAAGTATGCCGAGTTTTTGTACTCG 
ATATTAGACCCTCAGCCATTGCTTCATACGGCTCAAAAACATGAGC 
 
 
 
Here are two additional oligos that will generate an sgRNA that targets the mmpL3 (Ms0250) gene in M. 
smegmatis. I suggest using these and the groEL1 oligos as positive controls for the cloning and gene 
knockdown procedure- both of these sgRNAs should be lethal in the presence of ATc in their respective 
species. 
 
mmpL3_Ms0250_F 
5’-GGGAGCGACAGACTGGCTGCCCTCGTC-3' 
mmpL3_MS0250_R 
5’-AAACGACGAGGGCAGCCAGTCTGTCGC-3' 
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sgRNA cloning protocol 
 
Oligo annealing 
 
1. Add 4 ul of each oligo (top and bottom stand; stock concentrations 100 µM in water) to 42 ul of 
annealing buffer (total 50 ul) in an 8-strip PCR tube. 
 
2. Anneal the primers with the following program: 
 95°C for 2:00 
 0.1°C/sec to 25°C 
 END 
 
Ligation 
 
1. Mix 0.5 ul of annealed oligos and ~9 ng (typically ~0.25 ul) of BsmBI-digested and gel purified 
CRISPRi backbone. Ligate at room temp for 1-3 hours or overnight. 
  

Ligations: 0.5 ul annealed oligos 
   0.25 ul digested vector 
   0.5 ul T4 DNA ligase buffer 
   0.25 ul T4 DNA ligase (NEB; 2,000,000 units/ml) 
   3.5 ul dH20 
 
2. Transform 0.5 ul of the ligation mix into 5 ul of supercompetent E. coli cells. Plate on LB supplemented 
with the kanamycin. Expect 50-500 colonies per transformation. 
 
3. Miniprep a single clone from each reaction (in our hands error-free cloning efficiency is >95%). 
 
4. Sequence each clone with primer 1834 (5’-TTCCTGTGAAGAGCCATTGATAATG-3’). 
 
Notes: 
 
1. BsmBI digestion is optimal at 55°C in buffer 3.1. We typically digest 2–5 micrograms of plasmid with 
40 units of BsmBI for 4 hours at 55°C in a PCR block. The digest can be left overnight if desired. While 
this may seem like overkill, you will not over-digest with BsmBI. Other users have experienced problems 
with un-digested backbone carry-through by trying more rapid protocols with less BsmBI and shorter 
digestion conditions. 
 
2. Annealing buffer: 50 mM Tris pH 7.5 
   50 mM NaCl 
   1 mM EDTA 
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Multi-gene targeting 
 
Background reading: Golden Gate cloning. Engler C, Marillonnet S. Methods Mol Biol 2014. 
 
To clone multiple sgRNAs into the same vector, the CRISPRi vector backbones were designed with a 
SapI-based Golden Gate cloning site. This site is placed 3’ to the first sgRNA scaffold (see vector maps 
for details). The Golden Gate handle allows for, in principle, the cloning of an additional eight sgRNA 
cassettes into the backbone , which would in turn direct the expression of a total of nine sgRNAs from a 
single plasmid. 
 
Overview of multi-sgRNA cloning: 
 
STEP 1) Clone all individual sgRNAs into the CRISPRi backbone. 
 
STEP 2) PCR amplify each [promoter-sgRNA-terminator] cassette with primers that contain SapI-
restriction sites as well as compatible overhangs with the SapI-based Golden Gate handle. 
 
STEP 3) Perform Golden Gate cloning, which consists of single-pot restriction digest and ligation. Digest 
the desired parent sgRNA plasmid (i.e. the CRISPRi plasmid that contains your first sgRNA at the 
“typical” cloning site) and the PCR amplified sgRNA cassettes with SapI and simultaneously ligate with 
T4 DNA ligase. 
 
Note: if you are having trouble with cloning efficiency, you can perform the restriction digests, gel 
purification, and ligations in sequential steps. 
 
STEP 4) Sequence confirm sgRNA insertions. 
 
 
 
There are many methods for accomplishing multi-sgRNA cloning, and we are still optimizing protocols for 
multiplex insertion. Details will be added to this protocol at a later time. 
 


