M2D2: Design gRNA for CRISPRI

10/17/18
Pre-lab discussion
Part 1: Load digests from M2D1 in agarose gels
Mid-lab discussion: gRNA design considerations

Part 2: Select target gene in fermentation pathway
5. Part 3: Design gRNA for CRISPRi system

Announcements
Journal club starts next week! (See evaluation rubric on wiki. Also, if coming to office hours related to
it, email us ahead of time so we can be sure to read your paper)
My office hour tomorrow (Oct 18t™) is canceled.
Bring presentation slide homework for Comm Lab workshop at 2:00pm on Friday
BE career fair is Friday. Talk to me if you have a serious conflict; consider going early




From Last Time: Ligation Calculation
Optimal backbone-to-insert ratio
* |deally, want 4:1 insert:backbone

— molar ratio, not mass or volume
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* What if too much insert? bx”
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Today Part 1: DA wegatvely chared
Separate DNA by gel electrophoresis
Agarose gel electrophoresis

DNA fragments

— Driving force:

Chame | electicfield

— Separates DNA by:
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Today Part 1:
Visualize DNA + save a picture!

 DNA Loading dye (6X):
Rromophenct blue
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* Sybr-Safe DNA stain:
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» Safety : wear nitrile gloves




Let’s do this now...

Pick up digest from the front bench and prepare
samples to be loaded on the agarose gels

Each group will load their samples and we’ll start
gels after all are loaded

Regroup for another short discussion before moving
onto Part 2




Today’s goal:
Design gRNA sequence to repress a

gene, such that the production of
ethanol or acetate will increase.




CRISPRI system overview

OH OH ° ° °
OH
NH,
«HCI
H OH
N
P

alc

\

PgRNA _target

* Target gene
- Incredse ethano| o
Acetake. produCtivn

* pgRNA target

. € XpresS 3RN(X Yo
Spe e Jene

* pdCas9

E. coli MG1655 genome//

o - blockS expressior)
ARNA = Si\

Dr. Noreen Lyell’s lecture M2D1



CRISPRi system can block the RNA polymerase

CRISPRI

Target gene

i.ucsf.edu/CRISPR transcripti



How would you use CRISPRI to increase yield of the
desired product?
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Let’s review binding partners:

Coding region
AMMAAAAAAAAAALL NT strand
SSsESsESEREERLS T S‘fma

Larson, et al. CRISPR interference for sequence-specific control of gene expression. Nature Protocols. 2013.



Which region of the gene will you target?

+1
—>

Promoter ——etw— 5" UTR Coding region
AARAAREERARARALR NT strand
- 0 A
Il T strand

Block transcription initiation Block transcription elongation

Transcription E)

factor
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Effective for both NT and T strands Effective only for the NT strand

Larson, et al. CRISPR interference for sequence-specific control of gene expression. Nature Protocols. 2013.



Design of gRNA for CRISPRi system

(1) If you target the template DNA strand, the gRNA sequence will
be the same as the transcribed (nontemplate) sequence.

(1) If you target the nontemplate strand, the gRNA sequence will
be the reverse-complement of the transcribed sequence.

Nontemplate~_ _ _ 5’
Sense]
Coding

Template _
Anti—senseT 3’

Noncoding




Design of gRNA for CRISPRi system

How do you use these principles to
Design the gRNA DNA sequence

v

Create a plasmid (pgRNA)

v

Generate the desired gRNA
when transcribed

\ 4

Target gene of interest

See Handout



Handout:
gRNA (DNA sequence) Design for CRISPRi (fill in the blanks)

5 3
Target gene sequence: ~ GTCATG 2N oy\)r@/vu‘) lqte (coding) strand
Complementary strand: (AG TAC < Template (noncoding) strand

3 5’

Scenario 1 5 3’
gRNA (DNA sequence) is the same as the nontemplate (NT) strand: ~GTCATG
The plasmid you generate after inserting the sequence would look

something like pgRNA_target_1:

"GTCATG>
CAGTAC, transcription gRNA produced:

——> SG\ACAu&, ¥

This gRNA binds to the
nontemplate/template (gircle one)
strand of et gene.

pPgRNA_target_1




Handout:
gRNA (DNA sequence) Design for CRISPRi (fill in the blanks)

’

Scenario 2 o ;
gRNA (DNA sequence) is the same as the template (T) strand: CATGAC
The plasmid you generate after inserting the sequence would look

something like pgRNA_target_2:

> (ATGAS gRNA produced:

5’ 3’

C kU AAC

" )
is gRNA binds to the
nontemplate/template (circle one)
of the target gene.

transcription

pgRNA target 2




Practically: Using KEGG Database
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IMSRELRRTEIVTTILGPATODRDNNLEEVIANIANVVRMNY SHOS PEDHEMRADEVRE LAAKX
LOREVAILCOLOGPE IRVETFEEGEVILN IGDENFLLODANLGRGEGDEEXVS I DY RALPAD
VVPGD 1 LLLO DGRV LEVLE VOGMK VI TEVTVOGE LENNNG I NXLOGOGLSAEAL TEKDNA
DIKTAALIGVODYLAVEFPFROGEDLNYARRLARDAGCDAX IVAKVERARBAVCEQOMDOI I
LASDVVMVARGDLOVEIGOFELVGIQEALIRRANQLNRAVITATOMMESM I THFMPTRAE
VMOVANAVLOGTOAVMLEAE TAAGO Y PEETVAAMARVCLGAEX I PS8 INVSKHRLOVOFON
VEEAIAMSAMYAASELEGVTAL ITHTESGRTALMTSRISSCGLPFIFPAMSRHERTLNLTALY
ROVITPVHFODSANDOVAAASEAVNLLRDEGY LMSGULVIVTOODVMSTIVGS TNTTRILIVE

16483 ns NT seq supatreas O nt +downatreas O ne

ATGLOCAGASFICTLOgUAGAACAAIATOFE TACTCACTE LAgFOOCAGTANCAFATCHT
GATAATIATOELGAMBNAGE LATOSOGICFITTIHOCAAcTEEgtACGTAtgaACEESSCE
CACHFTLCHOOL GAAGATCATANAA L GOGOYUGHAtasAgEECGLgagat tgoogoaaan
CLPFICTICALGLHGCtALt LOTHFULtGACTLCCAgYGFOCCaasatcCgtgtatocace
LLLAANGAAGYUCAAAMGELLLOCTICANLAtLYUGTAtANALt LOCLHPCECGACGECARCCELY
Ut AARgGtgANGICUACAARGAARAAgLCgUtAt COACt ACAARGYECEgOct 9ot gac
JEOGL9oCI gt JACATOCLgUI Ot JJacgatgFrogogrocagiiassagractggan
JEICA9JICAtJassgt g ioacCcFangloaccgrlogglgguocortatodaacantaas
PITATCAACARACILGYUGFOIITLLGIOFIUTGARGUGUTEJACOJAAAMAFACARAGTH
GECAtTAAGATEGOPIOTTLGatTHPCITAJAtIACOTHIPCEHLOLOCT LOCCATITTGE
GECHANGATCEGAAC AT HOCOTTOPOCTHICACIHCTATtICAGIALITGATGCHARSATT
GETHCTAASFESGAACTTIHOIFIAFTCTTEEGCAGTCAGIATCANEGFATGACATTATT
T CgOCICIgaACGIgEtaaAtgEItgTacGtggrgacoIcggtgtggasatiggorgacceg
GAACtIGICGITATICAGAARGCGtEGAtCTGIOGEgCGTEECAITEARNTTGAITGGTA
at 99 FASGAtGHAGECAAT AL SACEAACOCHAtHCCHRCICGLICagGAN
gtcatggacstagoasacgocgitotggatggtactgacgctgtaatgotgtot gcagans
BCLGOCgCEtGEgCAG At COgtCaAgaNACCIL tgCAGCCAtgYCYCEegtttgectgggt
GCGGARAAAAECCCGAGCALCANCGLLICLANACACCGLICEgUACGETCAgtICgaCARtL
G GGANGAAGCE ALt GeCAL gl CAGC AL GLACYCAGCLARCCACCEgARAMGYCGEtaACY
PUGALTATCAOCATLGAOCGAMTOPFILOFLACCHOPGUTLFALJACTLOCTFLATCAGUTCTL
PIICLgUCAAtE I IOGUCAtgECGogoCAtgaacgtaCcgotgaacTtgactgotototat
CHTHFTITIACHCCHIRGraTEIIGatagoagTtlaatgacggcgtagcagotgocagogasn
PCGIEEAATCEGCTHCHCHALAMAGTESACELGAtgECT PGt gRcTEgtgastgtcacs
CAg9SCTacTEgatoaTtACCIIHFTESCLACSAALACCACTOGEASStEANCOIEAGAT
taa

NT here means nucleotide
seguence




Practically: Using KEGG Database

Genome Map

baan2
b1837
b1836
bioas
bissa

1920001

N
biase
baana
bie3s
biaane
bisa




Practically: Using BLAST (Basic local alignment
search tool) to assess off-target binding

Sequence ID: CP014348.1 Length: 4657541 Number of Matches: 163

Range 1: 3891267 to 3891292 GenBank Graphics V¥ Next Match
Score Expect Identities Gaps Strand
52.0 bits(26) le-07 26/26(100%) 0/26(0%) Plus/Plus

Query 1 ATCGAAACTCGCCGTTTATAGCACAAA

SERERRNRRRRNRRNRRpNNIRNy
Sbjct 3891267 ATGAAACTCGCCGTTTATAGCACAAA 3891292

Range 2: 392405 to 392417 Genbank Graphics V¥V Next Match A Previous Match & First Match

Score Expect Identities Gaps Strand
26.3 bits(13) 5.8 13/13(100%) 0/13(0%) Plus/Minus

Query “ AAACTCGCCGTTT 16

SEPRNNNNNNNN
Sbjct 392417 Aaaérc CGTTT 392405

Range 3: 1595715 to 1595727 GenBank Graphics V¥ Next Match A Previous Match

Score Expect Identities Gaps Strand
26.3 bits(13) 5.8 13/13(100%) 0/13(0%) Plus/Minus

Query 1 ATGAAACTCGCCG 13
, lélllél ééél
Sbject 1595727 ATGAAACTCGCCG 1595715




M2D3 HW: Figure/Caption/Results

e Figure = agarose gel image with title and caption
— don’t add drawings/modification on top of image, next to image is sufficient

e Results paragraph should follow below figure and results
subsection title (take-home message)

* Minimize interpretation in the results section in Mod2 report
(separate discussion section; M2D5HW)

— State the result of the experiment without discussing conclusions drawn
from experiment

* Figure/text expectations same as Mod1 report, formatting major
difference




In lecture discussion Thursday (tomorrow)

Multiple Gene Repression in Cyanobacteria Using CRISPRi
Lun Yao, Ivana Cengic, Josefine Anfelt, and Elton P. Hudson

KTH-—Royal Institute of Technology, Division of Proteomics and Nanobiotechnology, Science for Life Laboratory, Stockholm
SE-171 21 Sweden

© Supporting Information

ABSTRACT: We describe the application of dustered regularly interspaced short
palindromic repeats interference (CRISPRI) for gene repression in the model
cyanobacterium Symechcocystis sp. PCC 6803, The nuclease-deficient Cas9 from the
type-ll CRISPR/Cas of Streptrococcus pyogenes was used to repress green
fluorescent protein (GFP) to negligible levels. CRISPRI was also used to repress
formation of carbon storage compounds polyhydroxybutryate (PHB) and glycogen
during nitrogen starvation. As an example of the potential of CRISPRI for basic and
applied cyanobacteria research, we simultaneously knocked down 4 putative
aklehyde reductases and dehydrogenases at S0-95% repression. This work also
demonstrates that tightly repressed promoters allow for inducible and reversible
CRISPRI in cyanobacteria.




Today

* Sign up for ethanol or acetate at front bench

* Write your gRNA (DNA) sequence on wiki and
let me know so | can order them today!

Note: (your sequence + 35 bp tag) <60 bp




