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Common definition: /

Animals in which a foreign gene has been introduced into all cells, including the germline, allowing
it to be passed on to the offspring.




{ = 7 4 Overview of the Protocol

/C/l(;ning of the regulatory region in a plasmid
//:/C/loning of the reporter gene in a plasmid
* Assembling of a Tol2 destination vector (regulatory region:reporter)
* Inject the FO eggs with the vector and the Tol2 transposase (or its mRNA)
* When possible, screen the fluorescent embryos for potential founders.
* Grow the FO

* Outcross the FO founders to find F1 positive embryos-> larvae->adults

* Outcross F1 or F2 or F3.... to do the experiment.



/e |

N /QIUClal Factors for Obtaining Reliable Transgenic Fish

7 e Choosmg the most appropriate transgenesis method

// /

/

/° Selecting the correct promoter/enhancer region

7/

7 Adding a strong minimal promoter

* Choosing the most appropriate reporter protein




Transgenesis method: Tol2 strategy

* Transposon-based system = Tol2 transposon

* Advantages:

1. high germline transmission rate = about 70%

2. single-copy (non-concatemerized) integration of the transgene
3. high activity and integration efficiency

* Originally isolated from the medaka fish genome /

* Leads to the precise integration of a single-copy of the transgene at a i
random location. ,'

 Transgenesis tool of choice for zebrafish L/
* Requires the delivery of: ///’// y

7 /
1. Transposase mRNA ////// /// y
2. Transgenesis vector containing a desired transgene cargo flanked by ///i/////// //

Tol2 transposon repeats
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Transgenesm method: Multisite Gateway-based Tol2 strategy
=4 A Lamba-based recombination

/  Universal cloning method based on the site-specific

/ recombination properties of bacteriophage lambda which ease
/ the integration of lamba into E. Coli

* DNA sequences are cloned into multiple vectors = 3 vector-
based technique

* Two major components: ’

1. The DNA recombination sequences (att sites) :’

. . . . . . /
2. The proteins that mediate the recombination reaction (i.e. / /
/
Clonase) i y
//// /
* Recombination occurs between specific attachment (atf) sites on ey
i
the interacting DNA molecules. )

* Conservative recombination (no net loss or gain of DNA) = - /




Transgenesm method: Multisite Gateway-based Tol2 strategy

/—’

[ Att sites and recombination

’///:/ij . Att site site-specific attachment sites:
y 1 -attB - originally present on E. Coli chromosome
/é. attP-> originally present on lambda chromosome
.-~ + Binding sites for recombination proteins
* The DNA segments flanking the recombination sites (att) are
switched Lambda phage
* After recombination, the remaining att sites are hybrid
sequences comprised of sequences donated by each parental
vector

Give rise to attl, and attR sites

/ / /
. . . . /
» Strand exchange occurs within a 15 bp core region that is m o
. a /
common to all att sites Yy
7
Integration l Excision //////// g
atiL Lambdaghégg B ___ggR,///

/ / =

/ /
/o -
/ /




Transgenesm method: Multisite Gateway-based Tol2 strategy
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T'wd types o’f recombination reaction:

//
/// 'y /

o //BlS Reaction Recombination of an a#fB substrate

/

7

y/ th an a#/P substrate to create an affL-containing

/ entry clone = Lysogenic Pathway

/

LR Reaction: Recombination of an attL substrate
with an attR substrate to create an attB-containing
expression clone = Lytic Pathway

Att sites and recombination

BP Reaction

attP1 attP2
ccdB
altg1 a8z

__Gene N

atftB fanked PCR product
or atfB expression clone

Donar Veclar

LR Reaction

a1 alfl2

| Gene |
‘ Entry Clone ’ =+

a1y atR2

Byproduct
ELF' Clonase

a1 afiL2

Eniry Clone

alP1 anpP2

Exprassion Clone




Kwan et al., 2007

Tra\nsgenesm method: Multisite Gateway-based Tol2 strategy
7 Vectors

pDestTol2pA E') @D mor D

‘ LR clonase

completed expression construct

Bagl Il

B pDestTol2CG D D

Cc

Transformation of TOP10 cells.

Clear colonies yield the correct
recombination product 99% of the tune,
whereas opaque colomgs flever do.~~

add att sites
by PCR _

PCR product

PDONR 221 —{EIBD_ccotcrr_ Jiii>—

‘ BP clonase
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’(\\}’[ré\l,l\\Sgenesis method: Multisite Gateway-based Tol2 strategy
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N II / // // Name Description Test Figure
/ /
/’ /l . )/ / 5" entry clones
// // // // // / / PoE-bactin2 5.3-kb beta-actin promoter (ubiquitous) FO,F1 2
/ 7/ // / / // PSE-h2afx 1-kb H2A-X promoter (quasi-ubiquitous) FO 2b
gL / 7 / p5E-CMV/SP6 1-kb CMV/SP6 cassette from pCS2+ FO
7 ﬁ/ pd P PSE-hsp70 1.5-kb hsp70 promoter for heat-shock induetion FO,F1 4
/j/ // Prad pPSE-UAS 10x UAS element and basal promoter for Gal4 response FO
g // /// pSE-MCS Multicloning gite from pBluescript FO
// // PSE-Fse-Asc Restriction sites for 8-cutters Fsel and Ascl FO
A Middle entry clones
- e PME-EGFP EGFP FO
s PME-EGFPCAAX Membrane-localized (prenylated) EGFP; fused to the last 21 amino acids of FO,F1 3
H-ras
pME-nlsEGFP Nuclear-localized EGFP FO 2f
pPME-mCherry Monomeric red fluorophore mCherry FO,F1 2c
pPME-mCherryCAAX Membrane-localized (prenylated) mCherry FO 2e, 4
pME-nlemCherry Nuclear-localized mCherry FO 2abd
pME-H2AmCherry mCherry fused to the zebrafish histone H2A F/Z FO, F1
pPME-Gal4VFP16 Gal4 DNA binding domain fused to the VP16 transactivation domain FO
3" entry clones
p3E-polyA SV40 late poly A signal sequence from pCS2+ FO,F1 3,4
p3E-MTpA 6x myc tag for protein fusions, plus SV40 late polyA
P3E-EGFPpA EGFP for protein fusions, plus SV40 late polyA FO, F1
p3E-mCherrypA mCherry for protein fusions, plus SV40 late polyA FO, F1
p3E-IRES-EGFPpA EMCV IRES driving EGFP plus SV40 late polyA FO 2d
p3E-IRES-EGFPCAAXDA EMCV IRES driving EGFPCAAX (prenylated EGFP) plus SV40 late polyA F0, F1  2abef
P3E-IRES-nIsEGFPpA EMCV IRES driving nlsEGFP (nuclear EGFP) plus SV40 late polyA FO Ze
Destination vectors
pDestTol2pA/pDestTol2pA2 attR4-R3 gate with SV40 polyA flanked by Tol2 inverted repeats FO,F1 3
pDestTol2CG/pDestTol2CG2  pDestTol2pA/pDestTol2pA2 with emic2: EGFP transgenesis marker FO,F1 4
Other
pCS2FA-transposase For in vitro transcription of capped Tol2 transposase RNA 3, 4
“EGFP, enhanced green fluorescent protein; FO, yields appropriate expression in transient transgenics; F1, yields appropriate
expression in stable transgenics.

Kwan et al., 2007
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/7 / / .
00~ crystallin - promoter)
//,;7 ~ _-~" * Inserted (isolated in a plasmid, fused and injected together with the
Sy reporter gene) in a vector
s * Trapped (enhancer trap screening)

* TIME SPECIFIC (e.g. HSP70 promoter)
« UBIQUITOUS (ubiquitin, alpha-actin)

* COMBINATORIAL

* SIMPLE: SPACE (e.g. Ins:Gal4 and UAS:GFP) or TIME
(HSP70:Gal4 and UAS:GFP)

- CONDITIONAL (SPACE AND TIME) (HuC:ERT2-Gal4 and
UAS:GFP)

Pictures from: Cassie L. Kemmler et al., 2023

cmlic2

exorh




Sy THE PROMOTER/ENHANCER

/ /

/ °,7f ISSUE/CELL SPECIFIC PROMOTER/ENHANCER
/' * Span: 0.3-30 kb (to Mb)

- * Characterized in vitro (cell transfection)

* Characterized in silico: comparative alignments of evolutionary
conserved non coding regions of genes (evolutionary footprinting
analysis)

* Characterized targeted KI (insertion of the reporter in the
regulatory region of a known gene by CRISPR/Cas or TALEN)

* Non characterized (trial and error in transient injection
experiments or enhancer trap)




ENHANCER/GENE TRAP EXPERIMENTS

(non characterized regulatory elements/random 1nsertion)

The introduction of the yeast Gal4 system in Zebrafish

TWO TRANSGENIC LINES:

a) THE DRIVER (ACTIVATOR) EXPRESSING
Gal4 TF IN SPECIFIC FEATURES (CELLS
TISSUE, TIME)

b) THE REPORTER (ACTIVATED) BEARING
UAS:REPORTER

are crossed to produce animals with both alleles,
expressing the reporter

GAIl4 transcription factor
GFP

SISy,
JL

8xUAS (binding element)

Asakawa, 2008

The DRIVER (GAL4 expressing line) is produced by
multiple RANDOM INSERTION in the zebrafish genome.

A

Microinjectio
/ Plasrid DNA with
/_ﬁ | T ' a GAL4 trap construct
e/ 0
Transposase mRNA

Injected fish Reporter fish

K ———

==

UASm

UAS:EGFP

Gald o —— 0
. \‘ . Reporter
Tol2 n.a.u Tol2 4;:':5)—

Reporter expression
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_ ' ENHANCER/GENE TRAP EXPERIMENTS

N \ |

IR (non characterized regulatory elements/random insertion)

L
\\\ I'\ | / //// .7 ,/
Vo ll / / // /
/ / /
} /’I /" / /// )/ / EVERY INDEPENDENT INSERTION OF THE GAL4 DRIVER NEAR OR IN THE CODING REGION OF A GENE
Iy //i// / ' /// WILL RESULT IN A SPECIFIC PATTERN WHEN CROSSED WITH THE REPORTER (GFP)

Enhancer Trap
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N .

¢ s1071t s1109t & 51014t

s1084t'

N.B.: (GFP is produced by the «reporter» allele)

Scott Baier, 2009



Polymerized cis elements increase signal sensitivity
Multimerized REs recruit more signal-dependent TF

Can be chosen from literature or bioinformatic tools (es. UCSC) = Search for conserved regions close
to the target

Useful for the creation of transgenic lines for the study of specific signalling pathways

WNT —— p-cat — TCF

- /

CCTTTGAT 1




/' / + <\MORPHOLOGICAL» AND QUANTITATIVE FLUOPRESCENCE REPORTER (e.g.
/ GFP/RFP/KAEDE/others)

7 * COMBINED DOMAINS QUANTITATIVE FLUORESCENT REPORTER

+ SUBCELLULAR RESOLUTION (NUCLEAR, MITOCHONDRIAL,
MEMBRANES ETC)
» SPECIFIC INTRACELLULAR SIGNAL (Ca++, ROS, pH, Oxygen) j

Mitochondria in an axon

Barazzuol et al., 2023

Benjamin F. Fosque, 2015




THE REPORTER PROTEIN

STRICTLY QUANTITATIVE REPORTERS (e.g. Luciferase) rarely used, mostly in
physiology.

* DISADVANTAGES: NO SPATIAL INFORMATIONS

 ADVANTAGES: VERY FAST SIGNAL DYNAMICS

«MORPHOLOGICAL» AND QUANTITATIVE FLUOPRESCENCE REPORTER(e.g.
GFP/RFP/KAEDE/others)
« DISADVANTAGES: ACCUMULATED (SLOW DYNAMICS)
 ADVANTAGES: SPATIAL INFORMATIONS

PHYSIOLOGICAL FLUORESCENT REPORTER
SUBCELLULAR RESOLUTION (NUCLEAR, MITOCHONDRIAL,
MEMBRANES ETC) SPECIFIC INTRACELLULAR SIGNAL (Cat++, ROS,

pH, Oxygen...)



FLUORESCENT PROTEIN: PALETTE

GFP, RFP, VENUS, KAEDE CERULEAN...

C
Control
AmCyan >~
Inverted C‘FPY :"—_
macroscope :
zsYellow
mCherry
Control
Upright i ~ -
Macroscope GFP e
zsYellow —
mCherry
Dissecting 4 e ——
microscope
Upright

macroscope




THE REPORTER PROTEIN: How to choose?

Factors determining the choice of the most suitable fluorescent protein:

* Colour

* Brightness

* Toxicity

* Tissue Penetration

* Subcellular Localization

* Availability of Modified Version (e.g. convertible, toxic, stable/destabilized)

STABLE REPORTER DESTABILIZED REPORTER
Which use? Which use?
* Cell Signalling Dynamics * Studying rapid dynamics
¢ Cell Lineage Tracking Vs
Drawbacks:
Drawbacks: * Low amount of detectable
* Slow accumulation accumulating protein during a

biological event



To Sum Up

The regulatory element targets the cell/tissue

The reporter collect the signal

Different combinations of regulatory elements and reporters are possible,
Reporters can be in multiple colors (filters or spectral microscopes are needed)
Combinatorial control of gene expression uses Gal4 or CRE systems

The reporter can be targeted in any tissue/cell and in any subcellular
compartment




Microinjection in Zebrafish

Transgenesis and genome editing:

1-cell (zygote) stage

. Antisense technology (eg: morpholino (&) .
Best stages: oligos): 1-4 cells stage) :

Cell transplantation: usually 1-2
days post-fertilization




Microinjection in Zebrafish
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Cut needle

0000

Aligned embryos

Embryos or larvae obtained from pair or
population crosses

Egg collection after about 15 min from laying
(to allow fertilization)

Alignment along agarose-made lanes or
microscope slide borders

Glass needles with filament (for solutions) or
without filament (for cells)




Microinjection in Zebrafish

Tracking the microinjection:

* Typical dyes: phenol red (red under visible light; pH indicator),
rhodamine, dextrans

* Stable membrane dyes: Dil (fluorescent red), DiO (fluorescent green)

* An mRNA for GFP or other reporters can track nucleic acid
translation/quality/quantity/distribution/degradation (for 1-2 days)
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. Transgenic line stabilization, genotyping and maintenance

/ 7/ / /
—_ 7/ / /

\ o
|| P / . .
.|/ -+ How to manage a newly produced transgenic line?
i/ / /
\\ \\ ll / // /7 ,
Pl Iy / /
|l // / // //
/ / [ / / / . . -
rir S Transgenic generation and maintenance
////// //// // //
///// /;/ /// // .
L0 P L FO putative founders
A Injection of outcrossing
A transgenesis —)
7 reagents
4 // Putative founder l Transgenics
-7 from research )
labs and stock /
/ centers /
Identification of stable fransgenics; X /
transgene copies dilution by crossing; !
Mendelian inheritance verification Het l Het Iy

_ Cryopreservation and/or I
Generation of livestock maintenance; )/ /o
homozygous and . annual propagation and

A /
heterozygous transgenics Homo transgene verification “




/ // / /
/ / /
777 o After FO (mosaic) production, founders are outcrossed to
/ / =

/

-~~~ _~erify the germline transmission

L * [f transgene multi-copies are present (variable phenotypes,
non-Mendelian inheritance), fishes are further out- crossed
to dilute/select single copies

* Stabilized line: homogeneous phenotypes, Mendelian
inheritance of the transgene

days |

transgenesis>

founder

nsgenesis>

S

genomic DNA

excision

—irAPromoter- D> ICE—

integration

<excision assay>




) Monitoring the transgene presence

* Fluorescence analysis lGrown to adulthood

= — =
)"\J\,w\_: W.- )

Mosalc founder

FO

* In many cases single/double copies correspond to
different fluorescence intensities

— this can help to identify heterozygous and
homozygous transgenic animals

F2

Primary
injected
fish



| Monitoring the transgene presence

Green reporter

SA >
<H]calavris 14x Uas|Eib]ecFPH >

Analysis of transgene presence by PCR (transgene-
specific primers)

Green and Red reporter
Useful in case of non-fluorescent transgenes (Eg: -
classical GALA4 is not fluorescent in itself (but it can
be combined with a fluorescent reporter))

SA @@
—<H|ealanpisl—14x uas|erb[eGFPH >——




e Combination in binary systems (eg: GAL4/UAS,
Cre/Lox, Flp/FRT)

* Enzymatic activity revealed by a substrate (eg: LacZ,
NTR)

e Transcriptional activity depending on compound

administration (eg: Tet-Off and Tet-On systems) and
soon...

control

——HSP70 promoter iﬁiw— Tg/+

—{}-’GK promoter lacZ '—4

B g ===’y
& il s o
.

-

Monitoring the transgene presence

heat shock

Cre- dependent
LacZ expression
in zebrafish /

(PGK: .'
ubiquitous r)
promoter)



. Al Methods for zebrafish genotyping

/// Genotyping can be performed on: Genotyping can be:
/ « Zebrafish embryos  Destructive (eg: from whole
e Zebrafish larvae embryos or larvae)
« Zebrafish juveniles « Mildly invasive (eg: fin clipping)
« Zebrafish adults » Non-invasive (cutaneous cells, skin

swabs); this 1s a refinement in
animal experimentation

Fin clip Skin swab /

) o @z”?—;@ﬂjan or fin clip

Y \

2 /
= /
e A

4hto overmght\?‘ DNA extraction / // // /

+ + Genotyping can be based on PCR, directly /~~\/:// /
PCR inspected or followed by post-PCR assays (eg L -
digestion, HRMA).




Transgenic line maintenance along the generations

* Lines can be maintained alive or frozen (a frozen backup is
recommended)

* To avoid repeated inbreeding within the transgenic line (with deleterious
effects due to homozygosity - inbreeding depression), outcrosses are
recommended every

* Fluorescent transgenes should be monitored at every generation,
discarding weaker ones (due to gene silencing, epigenetic
modifications, other reasons), and keeping the selection on brighter
ones.

* Should this strategy be insufficient, the generation of a new transgenic
line, reinjecting the original transgene constructs/reagents, may be
required.



Transgenic line maintenance along the generations

¢ To,check for possible cross-contaminations among adjacent
tanks, fluorescent embryos/larvae are always checked under
different filter/illumination conditions, keeping individuals
with the expected pattern, and discarding those bearing wrong
transgenes.

» Specific attention is paid to maternally activated transgenes.
For instance, in case of a heterozygous mother, maternal
fluorescence can mask negative genotypes in the offspring. In
this case, we suggest monitoring and reevaluating the offspring
after 2- 4 dpf, usually sufficient for the fading of the maternal
signal.

* Criteria to propagate: internal/external requests, low numbers,
old age (we schedule new crosses every 6-12 months)



Useful Videos

https://app.jove.com/v/21012/tol2-transposonmediated-zebrafish-
transgenesis-a-procedureto-generate-transgenic-zebrafish-following-
thecoinjection-of-tol2-system-into-fertilizedzebrafish-embryos
https://app.jove.com/it/v/5130/zebrafish- microinjection-techniques



https://app.jove.com/v/21012/tol2-transposonmediated-zebrafish-transgenesis-a-procedureto-generate-transgenic-zebrafish-following-thecoinjection-of-tol2-system-into-fertilizedzebrafish-embryos
https://app.jove.com/v/21012/tol2-transposonmediated-zebrafish-transgenesis-a-procedureto-generate-transgenic-zebrafish-following-thecoinjection-of-tol2-system-into-fertilizedzebrafish-embryos
https://app.jove.com/v/21012/tol2-transposonmediated-zebrafish-transgenesis-a-procedureto-generate-transgenic-zebrafish-following-thecoinjection-of-tol2-system-into-fertilizedzebrafish-embryos

N CRISPR/Cas9 technology 1n zebrafish:

) /l // /o o o o o
-/ ancefficient approach for human genetic diseases modeling
I _ 7
\\\ \ ll // // // //
(R / / /
L /// How can we study gene function with zebrafish?
//I //// //// / /
//j////// ///// // ) // ‘;3“"0'“ gene disruption Knockdown by morpholinos

S . _
R - H.C NH

/// 7 // i‘ll ? - d--u.,
// 7 o
/ / """"- """"v . . ..
J /// Bincklng of translation or splicing

e N — iz‘:zﬁg:sﬁ g (o TRNA
g - % ko
050 @ ©
0 29999

F1

Knockdown by RNA interference

T \(D\ﬁ- =7

Degradation of
Modified miRNA Halrpm processing endogenous mRNA

Transiently suppress protein levels
No complete ablation of the gene
Off-target effects

Phenotype %
Sassen & Koster, 2015. Adv. Genomics Genetic.
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Cys2His2 zinc finger bound
to a specific triplet

GIGGAATTICATCACA"
ACACCTTARAGTAGTGT,

A pair of ZFNs introduces a DSB

TALENS
LTPEQVVAIASHDGGKQALETVQRLLFVLCQA

The highly conserved TALE repeat domain has two

NK variable residues at position 12 and 13

N _m_c Each TALE repeat binds specifically

GILAGGAGTGAGCAT to one of the four DNA nucleotides
C

TGTGAGCTTTCATCRCAS

CACTCGHP&AGTP’;GTGTE_

EHT TCACACAGTCGTAAG
S:I'ARG TGTGTCAGCATTCT

A pair ot TALENSs introduces
a DsSB c

@W experimental approaches with genome editing

NATURE PROTOCOLS | VOL.8 NO.11 | 2013 | 2281 PROTOCOL |

Genome engineering using the CRISPR-Cas9 system

F Ann Ran!-38 Patrick [ Hsu!-3&, Jason Wright!, Vineeta Agarwala®67, David A Scott!-4 & Feng Zhang!-4

Broad Institute of Massschuaciis Fnstitute of Tochnology | MIT b and Harvard, Cambridge, Massschusetts, USAL 2McGovern |retitale for Brain Research, Cambridge,
Muisschusetts, LFSA. *Diepanment of Brais an - setts, UISA, *Department of Biological Engincering, MIT, C 1
Masachisets, USA. *Depaniment of Mobeoulss amd Celly Fidge, Massschisetls, USA “Program én Riophrsics, Harvasd
v, MIT, Casnbridigr, Massachusetis, USA. TThese setbors cos

A Cas9guide RNA complex
introduces a DSB




//i/ //// /demonstrate that CRISPR/Cas9 can efficiently edit the
I ) gepome in vivo (Hwang et al., 2013)

o / Components:

/ /+ guide RNA (crRNA + tractrRNA): short synthetic RNA

L composed of a scaffold sequence necessary for Cas-binding

and a user-defined ~20 nucleotide spacer that defines the
genomic target to be modified.

* CRISPR-associated endonuclease (Cas protein)

Target sequence: 20 bp

Microinjecting an in vitro complex of guide RNA and Cas9
protein into one-cell stage embryos.

CRISPR-mediated knockout zebrafish models are extremely
popular and have been used to model several diseases.

CRISPR-Cas9

E .
Target ‘
PAM _

Cleavage
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0y . CRISPR/Cas9 for targeted genome editing
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Bortesi & Fisher, 2015. Biotechnol. Adv.
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S\/el\‘lection of Target Sequence - Gene Analysis in UCSC

|

/ 7/ /

/" Choose your target sequence in the zebrafish genome. You can search for a DNA sequence in a genome
/ b/r’owser such as UCSC Genome Browser (https://genome.ucsc.edu/) (Kent et al., 2002) (Figure 1). For
,/ this, in the website:

1.Figure 1. Snapshot of the UCSC Genome e e e T o TR ) o e 15 13 )
g p b Critanr G (=
Browser Website Showing How to Get a DNA e = = /
T T R, e T T i e FeebH e /
Sequence of Interest, Using the Example Shown - M e 11 /
| e sena s t
(Nog2E3) -; S e |
T P AR b g £ [ /
1. Select: Genomes - zebrafish T v
2. Search for a specific gene or genomic /]

. . z s WD A R} CENEECSET RO |9 SERDEEE /
coordinates (e.g., Nog2E3 genomic e e )
coordinates —chr24:40,310,715-40,311,254; I R e e dl i

n Click on & feature for detsls. Click o drag in the base posibon tack 19 £00m in. Click side bars el ” / /‘
danRer7) e e o /o
irach poarch | atfaut wacks || cefint srter | [ ioa an |[ a8 custom vacka || rach Pt | configu || matimgen | [revarse | | mowan |[ s | /!

Zoom on your sequence of interest
Select: View — DNA

Select: get DNA
Copy and save the obtained sequence

SOk Ww
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~ . Selection of Target Gene- Gene Analysis in Ensemble

—— D v I
~ D . / /
D /7 VA
=\ ) ——— 7/ // /
| / < / °
N A e https://www.ensembl.org
VoL P d //
v\ | // / 7 /
(R / / / =
(T Iy / / BLAST/BLAT | VEP | Tools | BicMart | Downloads | Help & Docs | Blog @ﬂ = Soarch all species..
Iy / /
| 1! / / /
| 1] / / / /
/ 1/ / / /
/7 /7 y / / / Ensembl is a genome browser for veriebrate genomes that
////// /. // / Tools BioMart > BLAST/BLAT > Variant Effect Predictor > supports resaarch in comparative ganomu-cs_. avolution,
Y y / sequence variation and !I‘ﬂl'lECrl!.'lb{ll'lﬂ! regulation. Er'l_scmbl
77 ;/ // // All tools Export custom datasets from Search our genomes for your Analyse your own variants and annc;mte g;:nes_. mm::j”w:';l ""'"1"'1';,'0 a:u;r:;ncnlsE pmd"“ﬁ I
/, Y - Ensembl with this data-mining DMA or protein sequence predict the functional regulatory funclian a R o ala. Ensembl tools
// / / o tool consequences of known and include BLAST, BLAT, 3'0""?” and the Variant Effect Predictor
// // P - unbncwn vananls (VEP) for all supported species.
// // Ensembl Release 108 (Oct 2022)
/ /
% // » Changes in the default tracks in the Location view: cDNAs
s Search EST cluster (UniGene) CCDS to be removed when MANE
// Select is available
Zebrafish a for * RMASeq tracks including data from GeneSWICH
consortium for chicken
emilinla [ Go |
= \arialion data for crab-eating macaque, pike-parch, prairie
e.g. BRCAZ or rat 5:62797383-63627669 or rs699 or coronary heart disease vole, Japanase quail and collared flycatcher
& Retiremeant of postGAP tool
More release news® on our blog
All genomes Favourite genomes # :
Ensembl Rapid Release
== Select a species -~ ﬂ . Human
: @ GRCh38.p13 .
Mew assemblies with gene and protein annotation
avery two weeks.
Pig breeds Still using GRCRIT? ey
¥ Pig reference genome and 12 add Al breeds Note: species that already exist on this site will continue
8 Pig e 2 additional breeds

Mouse to be wpdated with the full range of annotations.

View full list of all species The Ensembl Rapid Release website provides _ -
annotation for recently produced, publicly available -~ _
Zebrafish wl.'gr_:cl?rate and non-vertebrate genomes from biodiversity i e
GRCz11 initiatives such as Darwin Tree of Life, the Vertebrate - v
Genomes Project and the Earth BioGenome Project _-7

Rapid Release news & on our blog =F
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Sé‘lection of Target Gene- Gene Analysis in Ensemble

\ |

< all Species Only searching Zebrafish v [ER LY Ay

Only searching Zebrafish 4 results match emilinla when restricted to | species: Zebrafish 3¢ |

Restrict category to:
emilinla (Zebrafish Gene)

Gene 1 ENSDARGO0000024537 20:34B45672-34865031:1
Elastin microfibril interfacer 1a [Source:ZFIN;Acc:ZDB-GENE-041001-191]

Transcript 2 - . . P .
P emilin1a-201 (ZFIN transcript name record; description: elastin microfibril interfacer 1a,) is an external

GeneTree 1 reference matched to Transcript ENSDART00000035612
Variant table = Phenotypes » Location = External Refs. = Regulation = Orthologues » Gene tree

emilin1a-201 (Zebrafish Transcript)

10 25 50 100 ENSDARTO0000035612 20:34845997-34864519:1
Elastin microfibril interfacer 1a [Source: ZFIN:Acc:ZDB-GENE-041001-191].
Location = External Refs. = cDMA seq. = Exons » Variant table = Protein seq. = Population = Protein summary

Lwyout: emilin1a-202 (Zebrafish Transcript)

Standard Table ENSDARTO00000128895 20:34B45672-34865031:1

Elastin microfibril interfacer 1a [Source: ZFIN;Acc:ZDB-GENE-041001-191]).

Location = External Refs. = cDMA seq. = Exons « Variant table = Protein seq. = Population = Protein summary

: ENSGT01030000234633 (Zebrafish GeneTree)
You can choose which results ENSGT01030000234633

appear near the top of your search Gene emilin1a (ENSDARG00000024537) is a member of GeneTree ENSGT01030000234633.
by updating your favourite species.

< < 1 5 e

@ - Search all species...
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BLAST/BLAT | VEP | Tools | BioMart | Downloads | Help & Docs | Blog

<= Zebrafish (GRCz11) v

Location: 20:34,845,672-34,865,031
Transcript-based displays

Summary
E- Sequence
- Exons
~ cDMNA
— Protein
B Protein Information
~ Protein summary
~ Domains & features
~ Variants
-~ PDB 3D protein model
— AlphaFold predicted model
E- Genetic Variation

I Variant table

- Variant image

- Population comparison
— Comparison image

E- External References
General identifiers

Oligo probes

- Supporting evidence
E- ID History
Transcript history
Protein history

Gene: emilinia

Transcript: ENSDART00000128895.4 emiiinia-202

Description
Gene Synonyms
Location

About this transcript

Gene

Transcript: emilin1a-202

Sé]ection of Target Gene- Gene Analysis in Ensemble

@ + Search all species...

elastin microfibril interfacer 1a [Source:ZFIN;Acc:ZDB-GENE-041001-191)

im:7159005, si:dkey-20n10.2

Chromosome 20: 34,845,672-34,865,031 forward strand.

This transcript has 8 exons, is annotated with 24 domains and features, is associated with 513 variant alleles and maps to 162

oligo probes.

This transcript is a product of gene ENSDARG00000024537.9

Hide transcript table

Showrhide columns (1 hidden)

Transcript ID

ENSDART00000128895.4 emilin1a-202 3882

ENSDARTO0000035612.7 | emilin1a-201

Summary @

(& Exportimage |

Name bp Protein Biotype UniProt Match Flags
1014aa | | Protein coding F1QC17 & Ensembl Canonical APPRIS P5
3027 | 1008aa || Protein coding Q5TZ63ed AFPPRIS ALT2

19.36 kb

Forward strand = _pge

= T )L

emilinla-202 - ENSDART00000128895 >

protein coding

Statistics
Version

Type
Annotation Method

Exons: 8, Coding exons: 8, Transcript length: 3,882 bps, Translation length: 1,014 residues

ENSDARTO0000128895.4

Protein coding

Manual annotation {determined on a case-by-case basis) from the Havana project.

Ensembl release 108 - Oct 2022 @ EMBEL-EBI

Permanent link - View in archive site
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ulation compariaon
Comgarison image
= External Refarences

Exons @

Exons/
Introns
Variants
Markup

edastin microfibr interfacer 1a [Source:ZFINAcc:ZDE-GEN

This transcript is a product of gene ENSDARG!

Transcript ID Mame bp | Protein
ENSDARTO0000128895.4 emilinta-202 | 3882

ENSDARTO0000035612.7

emilin1a-201 3027

= | Helo & Docs | Bloa

2

/ / /
/ / /
/ / /
/ / / BLAST/BLAT | VEP | Tools | BioMart | Downlos
// / <= Zebrafish (GRGz11) ¥
/ // Location: 20:34,8 [eT A (1% 0 Transeript: emilina-202
/ Transcript-based
7 / displays Transcript: ENSDARTO00000128895.4 emilinia-202
// Description
Gene Synonyms m:7 159005, slxdkay-20s
/
/ s Location Chromosome 20. 5,67
/ 4 py“;i:":nf‘_‘,“at_:.. About this transcript
/ Gene
/

Blotype

101488 [ Protein coding
ooesa | |Protein coding

Translated sequence Flanking sequence

3 prime UTR 5 prime UTR

oaded

Exon / Intron
" upstream sequence
ENSDAREDDOO 1131304

Introm 1-2
ENSDAREOOODO273155

Introm 2-3

ENSDAREDDODO2E538E

Introm 3-4
ENSDAREODDDO264532

031 forward strand.
This transcript has & exons, is annotated with 2

| Splice region |-

al APPRIS PS

Start Phase

mains and features, is associated with 513 variant allales and maps to 168 o

& tide transcript zble |

End Phase

probes.

Length

486

10,985
120

1,344

152

BEE
210

£]- Search all spacies. ...
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<= Zebrafish (GRCzi1) v
Location: 20:34,845,672-34,865,031

Transcript-based displays

Surmmary
E Sequence
Exons
cOMNA
Protein
= Prodein Inlormalion
Pr SUMImary
Domains & features
Variants
FDB 30 protein model
AlphaFold predicted mode
= Genetic Varation

Wi
M

ant lable

it Image

BLAST/BLAT | VEP

Tools | BioMart | Downloads | Help & Decs | Blog

Transcript: emilinla-202

Transcript: ENSDART00000128895.4 emilin1a-202

Description
Gene Synonyms
Location

Aboul this transcript

Gane

l Show'hide columns (1 hidden)

elastin microfibrl interfacer 1a [Souwrce:ZFIN;Acc:ZDB-GENE-041001-181 7]

im:T 159005, sidkey-20n10.2

Chromosomea 20: 34, 845 672-34 865,031 forward strand.

This transcript has B exong, ks annotated with 24 domaing and features, is associated with 5

olig

propes.

This transcript is a product of gene ENSDARGODD00024537.9

ﬁ

wariant alleles and maps to 169

ection of Target Gene- Gene Analysis in Ensemble

Population comparison

/
Comparison image Transcript IO N'“" bp  Protein BW : u""‘m‘t:ﬂlhﬂ:h Flags ,
= External Roleronces ENSDARTOOO00128805.4 emiin1a-202 3882 1014aa | Protain coding F10C17& Ensembl Canonical  APPRIS P5 ,
f}f' . Ml ENSDARTO0000035612.7 | emilin1a-201 3027  1008aa | Proleincoding ~ QS5TZE3# APPRIS ALTZ I/
Higd b
I~ Supporting evidence |
B 10 History Domains & features @ |
|

FANTHER 2

PANTHER 2
Smart BG4
Prosite_profiles BEB
Ptam 873
Plam 815
Prosite_profiles 53

IPRI0O1 073 7 [Display all genes wilh this domain]

IPROQ1D73 [Display all gones wilh this n|:|rn.;|:."|

IPROO1 073 P [Display all genes with this domain]

IPRO0E160 P [Display all genes with this domain]

End Description Accesslon
1008 EMILIN ELASTIN PTHR15427

MICROFIBRIL

INTERFACE-

LOCATED PROTEIN

ELASTIN

MICROFIBRIL

INTERFACER
1008 EMILIN-1 PTHR15427:5F1 -
1008 ci1g_2 SMO010L
02 cia PS50871
1006 C1g PFO03AGE
865 Collagen PFD1391 &
128 EMi

IPR011488 o7 [Display all genes with this domain]




Selection of crRNA

Genomic DNA Cas3 5 / PAM

Target Sequence

/’ Guide RNA
crRNA
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7 Y 7/ / _ 7/ OligoAnalyzer™ Tool Alt-R Predesigned Cas? crRNA Selection PrimerQuest™ Tool Predesigned DsiRMA Selection Toal
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// rhAmpSeq CRISPR Analysis Tool
7
7
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rhAmp Genotyping Design Tool Codon Optimization Tool Library Concentration Conversion
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| Selection of crRNA

Custom Alt-R® CRISPR-Cas9 guide RNA

Generate CRISPR-Cas? guide RNAs (gRNAs, such as crRNA and sgRNA) targeting any sequence from any species. Currently, analysis of off-target effects against

human, mouse, rat, zebrafish, or C. elegans genes are available. For HDR experiment designs, please see the following HDR design tool.

Search for predesigned gRNA Design custom gRNA CRISPR-Cas? gRNA checker

Species Danio rerio

Ak

Input format FASTA Sequence + @

Paste/Type input Upload file

Enter up to 10 FASTA Sequences.

Please enter sequences in standard FASTA formatting.
No more than 1000 bases accepted.

> exone3GAACTGGTGTGCCTACGTAGTGACGCGGACTGTAAGCTGTGTTATGGAAGATGGAGTGGA
AACTTATGTCAAACCTGAATACCAGCGCTGTGCTTGGGGCCAATGTTCCCATGTGGTTT

CLEAR AND RESET




Selection of crRNA

Number of designs by cluster
May not work

B exone3GAACTGGTGTGCCTACGTAGTGACGCGGACTG...
-
5 o 5 10 15 20 25 30 35 40 45 50 55 &0
L 1 | | 1 | 1 | | 1 | 1 1 |
i AACTTATGTCAAACCTGAATACCAGCGCTGTGCTTGGGGCCAATGTTCCCATGTGGTTTT
(2]
g1
oo »
2 4
May hit —
other
= (< I >
High
Low On-target potential Hi'gh /‘
/
Your search returned 6 results. Clear results /
/
|
|
—— |
/
Search results // //
Design ID: CD.Cas9.QSJH8104.AA I/
My design set (0 items) / /
Custom Alt-R CRISPR-Cas9 gRNA /y ;
/
Design tool help e // /
On-target score  Off-target score crRNA, 2 nmol tube : / // //
Position Strand Sequence PAM © (i ] // V J o
127,59 €EUR ;7 ; !
33 + TTIGGGGCCAATGTTCCCATG TGG 49 92

Show off-target details + | Show related products




Selection of crRNA

eaking Genome Databases Available:

Please select one of the available releases of ENSEMBL or ENSEMBLGENOMES. It is always
S recommended to use the most recent version of any database although we will keep active the
previous one in order to support already started projects.

SARS-CoV-2 genome available HERE!

i hY 4 N
Ensembl (108) EnsemblGenomes (55) //
Ensembl collection of vertebrate genomes. Release 108 Ensembl collection of protists, fungi, plants and /
(October 2022) (316 genomes) invertebrate metazoa genomes. Release 55 (October /
2022) (2071 genomes) ’l
. 7 N > |
'  Fr B |
Ensembl (107) EnsemblGenomes (54) // /
Ensembl collection of vertebrate genomes. Release 107 Ensembl collection of protists, fungi, plants and / //
(July 2022) (316 genomes) invertebrate metazoa genomes. Release 54 (July 2022) | [
(2044 genomes) Iy
\ J\ ) S
s
// / /
s’ /
Latest news Contact: bioinfogp@cnb.csic.es // // // /
s 2020-02-04: Breaking-Cas server maintenance finished.
« 2019-01-23: Breaking-Cas server temporarily down for maintenance.
+ 2019-06-21: Breaking-Cas server maintenance finished.

.

https://bioinfogp.cnb.csic.es/tools/breakingcas/
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Selection of crRNA

CMNB-CSIC | BiginfoGP | tools

eaking Breaking-Cas

b Ensembl collection of vertebrate genomes. Release 108 (October 2022) Genomes: 316

Please cite:

“Juan C. Oliveros, Mdnica Franch, Daniel Tabas-Madrid, David San-Ledn, Liuis Montoliu, Pifar Cubas and Florencio Pazos (2016). Breaking-Cas—interactive design of guide
RNAs for CRISPR-Cas experiments for ENSEMBL genomes. Nucleic Acids Research (2016) doi: 10.1093/nar/gkw407. hitps/bicinfogp.cnb.csic. esftools/breakingcas”™

Tutorial
1 Choose organism: (alphabefic list) Danio rerio, leopard danio, zebra danio, : Write 3 lefters or more and select it.

2 Paste one or several query DNA sequences in FASTA format (up to 20,000 nucleotides in total):
|> esoned
|GTATCOGACTTACAGAAAACCACGGTATAAGGTTGCCTATAAAGTGGTATCAGAGATGGA

| ATGGAAGTGCTGTCATGGTTACTCAGGTGATGACTGCAGTGACGOT TCCTCTGCCATACA
TGACAGCAGGGCAAGACCTACTGGTGAAGAAG

Or upload FASTA file (DNA):  Sceglifile nessun file selezionato

J Select nuclease settings: [ Cas9: Streptococcus pyogenes Casd (SpCas9) (PAM: "MGG" in 3')

Ak
|

Or set your own parameters:

PAM sequence:

PAM position: 5 - a Use predefined seftings for Cas® or Cpfl, or sel custom parameters for other nucleases. If necessary,
: write a differemt PAM sequence (in IUPAC notation). For Cas?, positional weights based on Hsu et al.
Guide length: (2013) are used by default. See tuforial pages for details on off-targets score's calculation.

Mismatches:

Position-dependent weights | Edit

m 8z ] #4 s #5 i ¥ #9 M0 #11 M2 M3 M4 M5 ME M7 ME M9 #20 '{F'AM}
5-1 of ofoeow| of ofesssfosr| ofoses|oore|oass]osos |osn fosst oz |ose|oes | o [oss |oses | NGG -3
Confirmation email (optional): To receive a message as soon the job finishes. Write it carefully

(it will not be checked).
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\ /7 7 ; Analysis Settings:
N === // // , esone 3 -Database=Ensembi_108'
| | : // 2 V // -Genome(FASTA)='Danlo_reric GRCz11.dna.primary_assembly.fa'
- = - = = = -Genome(GTF)='Danlo_rerlo.GRGCZ11.108.gir
\ e 4 / Danio rerio (leopard danio, zebra danio, zebra fish PAM=NGG'
o l / 4 // / z ! ! BAM Position=3"
v / / 7 / 2zebrafish) -Oligo Size=20
| / / / -Max. mismatches=4
| l | / / // // -Positional Welghts (1 to 20)=0010.014101010.33510.3171010.38910.07910.44510.50810.61 310.85110.73210. 828106 15/0.804/0.68510.583
|1 /
P / // Filter boxes @) Export Oligos (text-tabulated format
|1 // / / ; ier boxes gy Expor Qligos {laxt-tabulated fomat) GACAGCAGGGCAAGACCTAC(TGG)
117 / // / / Export Targets (text-tabulated format)
/7 /7 / /
A0 a8 / -m— mm
A / TTATAGGCAACCTTATACCGTGE 1 100 20:34858728-34858750(+)
2 4 Z / // // &5 84 + ARGTGCTGTCATGGTTACTCAGG 1 48 41 939 ENSDARGO0000024537 (emilin1a): 23 nts overlap; ENSDARGO0000030106 (stmnd): 23 nts overlap
S0 7 - 10 29 +  TTACAGAARACCACGGTATARGG 1 62 40 934 o T
7 g // - a9 58 - CATCTCTGATACCACTTTATAGG 1 43 32 925 ) Gﬁmﬁmmcmc;‘; g qip
4 // // 111 130 - CCTGCTGTCATGTATGGCAGRGG 1 47 a8 92.4 3' =CTGTCGTCCCGTTCTGGATGACC=5" I'I f
y Y, 3 22 + ATCGGACTTACAGARARCCACGG 1 17 14 91.1 'll.'
/ P / 109 128 + CTCTGCCATACATGACAGCAGGE 1 45 36 90.6 L
4 vz 25 44 + GTATARGGTTGCCTATARAGTGG 1 53 44 BOS . - _
P 108 127 + CCTCTGCCATACATGACAGCAGG 1 47 34 89.4 e
7 42 &1 + AAGTGGTATCAGAGATGGRATGG 1 70 45 88.3
117 136 - TCTTGCCCTGCTGTCATGTATGGE 1 a9 30 87
83 102 + TCAGGTGATGACTGCAGTGACGG 1 57 47 B6.8
122 141 +  GACAGCAGGGCAAGACCTACTGG 1 59 43 83.7 1.3 20:30609528-30609550(-)
56 75 + ATGGAATGGAAGTGCTGTCATGG 1 48 35 B2.8 ENSDARGO0000087474 (ccréa): 997 nts upstream; ENSDARGO0000003058 (fafriop): 23 nts overlap
37 56 + CTATARAGTGGTATCAGAGATGG 1 72 58 B0.3

e’ 5' =CCAGTAGGTCTGGGCCTGCTGTA=3 "
3' -GETCATCCAGAACGGGACGACAG-5 ' :

FECATCCAGACCCGGACGACAT-5"

w

1.3 8:4659140-4659162(+)
ENSDARGO0000017140 (zgc:63587): 23 nts overlap

e’ 5 ' ~TACAGCAGGCCCAGACCTACTGG-3 "

5 ' =GACAGCAGGGCAAGACCTACTGG=-3"
3 ' -ATGTCGTCCGGETCTGGATGACC-5"




Top tips for success with CRISPR-Cas9

» Identify a target region

l.
2.

3.
4.

The target region should be 5’ to domains that you suspect may impart functionality.
The target region should be in a constitutive exon. Avoid exons that are sometimes
excluded from transcripts unless your project focuses on function of a particular
splice form.

Preferred exons have few or no SNPs shown in Ensembl’s “Variation Features” track.
Exons longer than 150 bp are likely to contain ideal CRISPR sites.

» Finding Guides IDT, CHOPCHOP, CRISPRSCAN, Breaking Cas9 and Synthego

* Choosing a guide How do you choose which one to use?

1.

et

Never choose a guide that has any significant off-target sites (perfect match for the 8-12
bases closest to the PAM) in a coding of the genome

Eliminate candidate CRISPR target sites with an obvious stretches of self-complementary
sequence that

might cause hairpin formation

GC content should be between ~ 30-80%, the higher the better (but not too high!).
Consider the method to assay mutagenesis and genotype (restriction enzyme, HRMA,
agarose gel 4%)
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* Flexibility of the tissue-specific CRISPR vector system.

* Avoid the embryonic lethality associated with the global knockout of
certain genes.

* Insertion marker in the vector (GFP) facilitates sorting of transgenic
animals.

* Greater level of biallelic inactivation by the vector.

* Faster than the time required to generate KO or conditional knockout
mice (CRE/Lox system).
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Knock-in

y , > Nat Biotechnol. 2016 Mar;34(3):339-44. doi: 10.1038/nbt.3481. Epub 2016 Jan 20.

) Enhancing homology-directed genome editing by
catalytically active and inactive CRISPR-Cas9 using
asymmetric donor DNA

Christopher D Richardson ' 2, Graham J Ray ! 2, Mark A DeWitt ' 2, Gemma L Curie 1 2,
Jacob E Corn ' 2

Affiliations + expand
PMID: 26789497 DOI: 10.1038/nbt.3481

36bp HA 91bp HA

genomic seq CTGAGGTTCAC % EGGGCCACMAGAMTGMTGMTTGMTTTGTAGTTTT&

ssODN

TACAAAGACGATGACGACAAGHEH|
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\\ \\ | / // // // Primer3web version4.10 - Pick primers from a DNA sequence. ——
N / /
(. / /I // // // Select the Task for primer selection
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// I //// // / I%IMMB before primer design [Lﬂ-?m_ﬂ‘lﬂ'ﬁ_ﬁ)m”"
7/ /// / // Select specics ; cleotides sk i irection 1
/// /// / // // / Primer failure rate cutoff < o Nucleotides to mask in 3' direction o
VAV ARV / /
77 /ﬁ/ // // Paste source sequence below (5'-»3', string of ACGTNacgin -~ other letters treated as N - numbers and blanks ignored). FASTA format ok. Please N-out undesirable sequence (vector, ALUs, LINEs, eic.) or use a
// v y _- Mispriming Libgary {repeat library)
/ / -
/// / e - CTOTOTTATOGAAGATGOAD Toga s S agent
// // tpr-l|lb:11mH|:rlmlcmln:mtlmutﬁTCMCTGWAﬁGTﬁGG
/ /
/ /
/ /
7/
V2 7 | Pick left primer, or use left primer below | Pick hybridization probe (internal oligo), or use oligo below |B Pick right primer, or use right primer below (5' to 3' on opposite strand) s
Z
/
| | | )
Fick Primera Dowshied BatSngs  Ressl Forss //
Sequence Id A siring to identify your output. ’I
Thrgets E.g. 502 requires primers to surmound the 2 bases at positions 50 and 51. Or mark the source sequence with [ and |: e.g. . ATCT[CCCC]TCAT.. means that primers |
TR must flank the central CCCC., |
Overlap Tunction List E.g. 27 requires one primer to overlap the junction between positions 27 and 28. Or mark the source sequence with -2 ¢.g. .. ATCTAC-TGTCAT.. means that primers /
SRR L must overlap the junction between the C and T. / /
: E.g.401,7 68 3 forbids selection of primers in the 7 bases starting at 401 and the 3 bases at 68, Or mark the source sequence with < and >: e.g. . ATCT<CCCC>TCAT.. / //
forbids primers in the central CCCC. | /
Pair OK Region List See manual for help. // /
nl Regicn E.g. 20,400: only pick primers in the 400 base region starting at position 20. Or use { and } in the source sequence to mark the beginning and end of the included ; / /

region: e.g. in ATC{TTC...TCT}AT the included region is TTC...TCT.
Stant Codon Position

Internal Oligo
Excluded Region

Force Left Pomer Start -100¢ Force Right Primer Stard -1000
Force Left Pnmer End -100¢ Force Right Primer End -t00C

Sequence Quality

o

-_l\-'l_jn Sequence Quality @ Min End Sequence Quality ©  Sequence Quality Range Min S:gu_i:ikr.Qu_ality Range Max o

Pick Primers  Dwwslowd Buitings  Resan Form

https://primer3.ut.ee/




Oligo design

Primer3 Output

PRIMER PICKING RESULTS FOR

Template masking not selected
Mo mispriming library specified
Using 1-based sequence positions

OLIGOD start _len tm gc% _any th 3' th hairpin seq
LEFT PRIMER 2 23 59.16 43.48 B.ea B.o8a B.80 TGTGTTATGGAAGATGGAGTgga
RIGHT PRIMER 177 28 5B.47 55.08 2.28 Q.00 @.80 CCAGACCTTTCCAGCTTGAL

SEQUENCE SIZE: 177
INCLUDED REGION SIZE: 177

PRODUCT SIZE: 176, PAIR ANY_TH COMPL: 15.97, PAIR 3'_TH COMPL: 8.38

1 CTGTGTTATGGAAGATGGAGTggaaacttatgtcaaacctgaataccagogotgtgottyg

e e e e e e e e e e e e e e e e e e e

61 gggccaatgttcccatgtgottttgtaagtattcatgecttaagcactgocaaattacatt

121 tcatttaatcttggtgaccacttgttattatgacagtGTCAAGCTGGAAAGGTITGG

ST AT AT S A AT A AT A A T T S
KEYS (in order of precedence):
»»»=>> Left primer
<=<<<< right primer

ADDITIOMAL OLIGOS

start _len tm gch any th 3' th hairpin seq
1 LEFT PRIMER 8 22 57.34 48.91 8.08 a.ae 8.8 ATGLAAGATGGAGTggaaactt
RIGHT PRIMER 175 21 59.23 47.62 8.08 @.00 @.98 AGACCTTTCCAGCTTGACact

PRODUCT SIZE: 168, PAIR ANY_TH COMPL: 15.87, PAIR 3'_TH COMPL: @.08

Indel detection following CRISPR/Cas9 mutagenesis by PCR:




. Guidelines to design successful primers for PCR

/
/Before designing a gRNA, ensure that you can design good primers flanking the CRISPR target site for HRMA
/and sequencing.

Primers for agarose gel 4%

* Check for predicted SNPs in the target region using the “variation features” track on Ensembl

* The product size should be 100-160 bp; with these short PCR products, small sequence changes can produce
large changes in melting temperature

* Ensure that at least 20 bp are present between each primer and the CRISPR target site, so longer insertions or /
deletions (indels) can be detected. /

Primers for sequencing reactions: /

* Ensure that at least 50 bp are present between each sequencing primer and the CRISPR target site. / //
* Ensure that at least one of the primers for sequencing is found in the same exon as the CRISPR target site. . /
* Intronic sequence and untranslated regions (UTRs) sometimes contain silent indels, which can complicate lesion A i

1dentification.
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~ 4 Identification of mutations

A F1 embryos sequencing (mutations identification)

/ WT
/ SequenCIIlg' 130 140 150 1le0 170
IGRARTCAGCRAG T ICCAETTIGGCRACCACGE GG CATG G ACTACAACCGCRLGAGG LG

/
}B/MR genomics > https://www.bmr-genomics.it
/

Eurofins = https://eurofinsgenomics.eu |-, |'| “

// /
/ ,’/
/// / : //
Detect actual mutations by sequencing in the mutants identified by HMA/PCR //// I
* Poly Peak Parser A
* Ice Analysis (Synthego) -
* TIDE (https:/tide.nki.nl) N

7
652 ATTGAATACGGGGACATGCAGCTGATCTGTGAGGCCTATCATCTGATGAAGGACGTGCTTTGTATGAAC 660 -~
218 —I--E--r--G--D--M--Q--L--I--c--E:-—A--Y—-H--L--H--K--D--V--L-—C--m--n——;:iﬁ//
652 ATTGAATACGGGGACATGCAGC—====m= TGAGGCCTATCATCTGATGAAGGACGTGCTTTGTATGAAG 660 7 ———
218 =I==B-=YeufG==D--M-=Q-ccccccaclmcaR=cPaclaalac®aa®_-230 a—



http://www.bmr-genomics.it/
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To Sum Up

1. Identify the target region

m Caiaiis Biter https://genome.ucsc.edu/

- https://www.ensembl.org/

2. crRNA Design

>G<>m<.:l[o)mT https://eu.idtdna.com/

H“g https://bioinfogp.cnb.csic.es/tools/breakingcas/
Ca [

@S g http://www.crisprscan.org

/

3. Indel detection following CRISPR/Cas9 mutagenesis by PCR/:/ ///‘

Primer3web  https://primer3.ut.ee/ v

- https://tide.nki.nl
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