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Strategy validated



Mif Gene Rat Genomic locus

Gene: Mif ENSRNOG00000056076

Scaffold AABR07024106.1: 11,534-12,195



Mif mRNAs and proteins

Name Transcript ID bp Protein Biotype UniProt

Mif-201 ENSRNOT00000077564.1 348 115aa Protein coding
A0A0F7RQL3
P30904

ex1 ATG ex2 ex3 STOP

Both 5’ and 3’ UTR are not defined in rat but must exist.

https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?SEQUENCE=119599&FULL
http://www.ensembl.org/Rattus_norvegicus/Transcript/Summary?db=core;g=ENSRNOG00000056076;r=AABR07024106.1:11534-12195;t=ENSRNOT00000077564
http://www.ensembl.org/Rattus_norvegicus/Transcript/ProteinSummary?db=core;g=ENSRNOG00000056076;r=AABR07024106.1:11534-12195;t=ENSRNOT00000077564
http://www.uniprot.org/uniprot/A0A0F7RQL3
http://www.uniprot.org/uniprot/P30904
https://www.ncbi.nlm.nih.gov/Structure/cdd/wrpsb.cgi?SEQUENCE=663140&FULL


Strategy 1: Selection of the 5’ sgRNAs

http://crispor.tefor.net/crispor.py?batchId=fsuAE7PvZzA0GS95RJCu

http://crispor.tefor.net/crispor.py?batchId=fsuAE7PvZzA0GS95RJCu


Strategy 1: Selection of the 3’ sgRNAs

http://crispor.tefor.net/crispor.py?batchId=VHN9oFt3O5Hg7a7Lg8N4

b

http://crispor.tefor.net/crispor.py?batchId=VHN9oFt3O5Hg7a7Lg8N4


Approach proposed: KO by CRISPR/Cas9

Strategy 1: Deletion of the whole Mif gene
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PROS

– The whole Mif gene will be deleted (only 
1.1 kb)

– This deletion will lead to a knock-out

CONS

– /

Strategy 1: Deletion of the whole Mif gene



Milestones

• The guide RNAs will be synthesized and validated in vitro. A pair of sgRNAs for both extremities will
selected for microinjection

• Microinjection in Sprague Dawley (rat) fertilized oocytes

• F0 founders genotyping
✓ PCR + sequencing (estimation of the deleted sequence)

• F0 founders of interest will be bred to obtain germ line transmission

• F1 validated animals will characterized
✓ By PCR + sequencing

• Fully validated lines (F1 ou F2 animals) will be delivered



Data



In vitro efficiency assay

CRISPR guide efficiency was tested in vitro using Sureguide kit (Agilent Technologies 5190-7716).

In presence of the Cas9 protein, the PCR product including the region of interest should be cut. A 
guide is validated if it cuts the target PCR fragment. The amount of DNA cut does not mean 
anything and the cut does not guarantee the in vivo efficiency of the guides.

F1-R2 (483bps)

F1-R2 +gR76 +gR79 +gR83 F7-R6 +gR94 +gR87 +gR93b

The pair gR76 and gR79 (5’) and the pair gR94 and gR87(3’) were choosen for microinjection.  



Microinjection in C57BL/6N fertilized eggs

Concentration ADN/ARN (ng/µl)
Nb  oocysts
reimplanted

Nb pups born
Number of founders 

with a deletion 
allele

25 ng/µl Cas9 mRNA + 12 ng/µl gR76 + 12 ng/µl gR79 
+ 12 ng/µl gR94 + 12 ng/µl gR87 

115 14 2

10 ng/µl Cas9 mRNA + 10 ng/µl gR76 + 10 ng/µl gR79 
+ 10 ng/µl gR94 + 10 ng/µl gR87

57 8 3

Total 172 22 5



PCR F2-R7 was used to screen the pups.
The figure shows the genotype of the first litters.

PCR genotyping for the characterization of founders

F0 generation characterization

MW 6975 6976 6977 6978 6979 6980 6981 6982 WT H20

Expected DEL alleles size



Next step

Three founders (F0-6979, F0-6981 and F0-6982) were bred at 8 weeks (mid-

february 2019) with wild type animals. The next slide will describe the 

genotyping of some F1.

New lines are now established.



Kur7103-6979-DEL
Line established

ttcgctaaagtccgtcgatcctacccactggcaggagagataaggccaacctaccggtcccatcaat
ggcttaagtttcctctacttggtacaaatctctcagacctgaacttgctcctactaatacggttaatctgt
acagcatctacttgcaatgtctcgacgaacctaatcgctagagtcaagtcctcactacctagcttatta
atatgaggcatcctccgtttc-------------------------JUNCTION DEL-----------------------
ccgtgcgatggggcgtgatggcagacttgaaattggccagtttggtggtttacatagtctttgcttggg
ctttctctaaactgtgctggccttacgtccaaaagaagccgacttagtaaactggtcaggagttgtatc
agaacttcccgggcagttgttgcatcctgagctaggttcttccgcctgggcgggaatcctgaattgtgc
ccttccttacctctgtggcaaatggaaggggagttgagtgggcaaaagtatagggattaaattaatag
tgcggcagctgggcctgtatctttctcagccccattt

Oligo F2 in orange
Oligo R7 in green
Ins C in red

Sanger sequencing

FO Nb F1
born

F1 heterozygote DEL (del)

F M

Kur7103-6979 25 6 6

DEL 
PCR size
540bps

F2-R7

F1 genotyping

Kur7103-6979-DEL line is established. This line was cryopreserved (Mifem1Ics). 



Kur7103-6981-DEL
Line established

ttcgctaaagtccgtcgatcctacccactggcaggagagataaggccaacctaccggtcccatcaatg
gcttaagtttcctctacttggtacaaatctctcagacctgaacttgctcctactaatacggttaatctgta
cagcatctacttgcaatgtctcgacgaacctaatcgctagagtcaagtcctcactacctagcttattaa-
-----------------------------------------JUNCTION DEL-----------------------------------
cgTTCCATGCACGTAACGatggggcgtgatggcagacttgaaattggccagtttggtggtttac
atagtctttgcttgggctttctctaaactgtgctggccttacgtccaaaagaagccgacttagtaaactg
gtcaggagttgtatcagaacttcccgggcagttgttgcatcctgagctaggttcttccgcctgggcggg
aatcctgaattgtgcccttccttacctctgtggcaaatggaaggggagttgagtgggcaaaagtatag
ggattaaattaatagtgcggcagctgggcctgtatctttctcagccccattt

Oligo F2 in orange
Oligo R7 in green
Insertion in red

Sanger sequencing

DEL 
PCR size
531bps

F2-R7

F1 genotyping

FO Nb F1
born

F1 heterozygote DEL (del1142)

F M

Kur7103-6981 39 13 12

Kur7103-6981-DEL line was established but not cryopreserved. 



Kur7103-6982

ttcgctaaagtccgtcgatcctacccactggcaggagagataaggccaacctaccggtcccatcaatggcttaagtttcctc
tacttggtacaaatctctcagacctgaacttgctcctactaatacggttaatctgtacagcatctacttgcaatgtctcgacg
aacctaatcgctagagtcaagtcctcactacctagct----------------------JUNCTION DEL--------------------
ggggcgtgatggcagacttgaaattggccagtttggtggtttacatagtctttgcttgggctttctctaaactgtgctggcctt
acgtccaaaagaagccgacttagtaaactggtcaggagttgtatcagaacttcccgggcagttgttgcatcctgagctagg
ttcttccgcctgggcgggaatcctgaattgtgcccttccttacctctgtggcaaatggaaggggagttgagtgggcaaaagt
atagggattaaattaatagtgcggcagctgggcctgtatctttctcagccccattt

Sequence with F2-R7
Oligo FWD in orange
Oligo REV in green

Sanger sequencing

Founder 6982 (born 12/12/2018) breeding was stopped of germ line transmission was obtained by breeding
2 other founders



Genotyping protocol



GENOTYPING INSTRUCTIONS 

PCR genotyping strategy

Primer ref. Sequence
Amplification 
product size WT

Amplification
product size KO

F2 TTCGCTAAAGTCCGTCGATCCTACC
1567 bps* ~500 bps

R7 AAATGGGGCTGAGAAAGATACAGGC
F1 GATTGTTCTCCAAGTACAAGCCATC

483 bps NA
R2 CCCAAGTCTGGGACCTGAGCTACGT
F7 GCTTTAGCTCAGTAGACCCTTTCAT

518 bps NA
R6 GGAAGGGCACAATTCAGGATTCCCG

This PCR fragment might not be amplified on tails/ear lysat (too large)

F1-R2 and/or F7-R6 can be used to genotype the wild type allele



GENOTYPING INSTRUCTIONS

PCR Protocol

This section describes the composition of the mix and the cycling conditions used for 
genotyping F0.

Reagents: Volume (per sample):

- Phusion HS (Thermo Scientific) 5X Buffer 4 µl

- 10mM dNTP 0.4µl

- 5’ primer (100 µM) 0.1µl

- 3’ primer (100 µM) 0.1µl

- DNA (lysate 1/10) 2µl

- Phusion Hot Start II 0.2µl

- Sterile H2O up to 20 µl

Temp Time #Cycles

96°C 5min 1

96°C 8s

62°C 10s 30

68°C 45s

68°C 5min 1

12°C 5min 1

Cycling conditions


