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Mif Gene Rat Genomic locus

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

scaffold AABROTO024...

Gene: Mif ENSRNOG00000056076

20.66 kb Forviard strand e

2kb 4kb kb Bkb 10kb 12kb 14kb 16kb 18kb 20kb 22kb

Genes (Ensembl). i
Mif-201 =

protein coding

Contigs AABRO7024106.1 >

2kb 4kb Ekb gkt 101 12| 14 16 18 20 22|
-l Reverse strand 20.66 kb 1

Gene Legend
Protein Coding
B Ensembl protein coding



Mif mRNAs and proteins

Name  Transcript ID bp Protein Biotype UniProt
Mif-201 ENSRNOT00000077564.1 348 115aa Protein coding ADAUE/RQLS
P30904
exl aTG ex2 ex3 STOP
%I

-

1 20 41 G aSn 100 115
| 1 | 1 | 1 | |

I | | | | | | 1 | | | 1 | | | | 1 | 1 | |
Query seq. MPMFIYNTNYPRASYPEGFLEELTOULAQATGKPAOY I AYHY WPDOLMTF G TSORPCALCSLHEIGRIGGAMMRENY SKLLCGLLEORLHI SPORY Y INYY OMMAANY GUNGETFA
Specific hits MIF

Superfanilies 40xal ccrotonate_Tautomerase superfamily

Both 5" and 3’ UTR are not defined in rat but must exist.
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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?batchld=fsuAE7PvZzA0GS95RJCu

Guide Sequence + PAM

Specificity

Predicted Efficiency

Our-of-

Off-targets for

Genome Browser links 1o maiches sorted by CFD off-target score ¢

+ Restriction Enzymes 4 Score @ |8 Frame score |0-1-2-3-4 Ll only [l chrom 20 only
[l only 6- [l only 66- | only A- Show all scores o mismatches
¢ - 8 + next to PAM
[l i
= = Click on score o | y»
i = = show micro- o
L ]
- 0 homology
2 o
o
O =
GITTICCTARGATAGRALCGE AGH a3 71 58 63 0-0-4-12- 3:intergenic:Rnpc3-Col11a1
Enzymes: BisCl, TspGWI 4:intergenic:PCOH7-RGD1562755
Cloning / PCR primers 120 4:intergenic:RGD1550682-ENSRNOGO00000088 14
0-0-0-0-0 show all...
136 off-targets
GCATCCTCCGTTTCTATCTT AGS 79 37 23 78 0-0-0-7-1032 ::?I1:'-:II‘|:F'_I’§_L[:3” OO0 1
Enzymes: BstDES 0-0-0-0-0 :!|‘| ,ergen!-::: V1- OG00000004.239
Cloning / PCR primers 4r:‘:nr,er;;_'ier||-::*-fgllsl—T mm41
show all...
110 off-targets
RCTRCCTRGCTTATTARATE AGS 76 61 32 63 0-0-1-25- ::?|'|:_’-:.|1:S|\.a|,:f RN D000 7
Enzymes: Lwel dintergenic:Nbea-ENS 1G00000031 758
Cloning / PCR primers 19 #:intergenic:ENSRNOG00000021496-RGD 1564736
0-0-0-12-3 show all...
145 off-targets
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http://crispor.tefor.net/crispor.py?batchId=fsuAE7PvZzA0GS95RJCu

Strategy 1: Selection of the 3’ sgRNAs

http://crispor.tefor.net/crispor.py?batchld=VHN90oFt305Hg7a7Lg8N4

Guide Sequence + PAM Specificity | Predicted Efficiency | Out-of- Off-targets for | Genome Browser links to matches sorted by CFD off-target score 4
+ Restriction Enzymes ¢4 Score @ |©2 Frame score |0-1-2-3-4 [l exons only || chrom 20 only
loniy 6- [ only 66- [] only A- Show all scores (1] mismatches
- - o + next to PAM
a -
= = Click on score to | y»
- = show micro- o
c 1 homology
9 o
=]
O =
TCCAGGCTGGERACGIGCGR TGEE 94 46 30 63 0-0-1-6-80 |4intergenic:RGD1563169-GRIAT
Enzymes: BigZ! e 4:intergenic:Msi2-1700106) 16Rik
Cloning / PCR primers 0-0-0-0-0 &intergenic:Cnin3-ENSRNOGO0000032820
show all...
87 off-targets
GRRCGTGCGATGGEECEIGR TGG 93b 55 61 59 0-0-0-4-31 |%intergenic:Pramell -Pramef3
Cloning / PCR primers 0-0-0-1-0 3intergenic:Sicd44a3-F3
e A:intergenic:Mtmr1-F8
show all...
35 off-targets
CCCATCGCACGTTCCCAGCC TGGE 87 53 24 65 0-0-0-6-56 4:intron:Katnal2
Enzymes: BseYl, StyD4l, BN 0 0010 4:intergenic:ENSRNOGO0000011225-ENSRNOGO0000050774
Cloning / PCR primers 4:intergenic:Litaf-Rmi2
show all...
62 off-targets
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http://crispor.tefor.net/crispor.py?batchId=VHN9oFt3O5Hg7a7Lg8N4

Strategy 1: Deletion of the whole Mif gene

Approach proposed: KO by CRISPR/Cas9 Accepted the 17/09/18

STOP

F1

—> F2

gR76 = = gR83
gR79

BAGTCCGICG
TICAGGCAGC

ATCCTACCCR

CTGGCAGGRG

ATG

RGRATRAGGECC

BACCTACCGGE

TAGGATGGGT

GACCGICCIC

TCTATTCCGG

TIGGATGGCC

TCCCATCRAT
LAGGGTAGTITR

GGCITAAGTT
CCGRATTCRR

TCCICTACTIT
LAGGRGATGAR

GGTRCARATC
CCATGITTAG

TCTCAGRCCT
RGRGTCTGGR

GRACTTGCIC
CTTGARCGAG

Position of the sgRNA target sequence (in yellow, PAM are in purple)

CTACTARATAC
GATGATTATG

gR94

GGTTARTCTG
CCRATTAGRC

gR87

TACRGCRICT
ATGICGTAGR

- gR93b

ACTTGCRRTIG
TGARCGITAC

TCTICGACGRR
AGRGCTGCIT

CCTRATCGCT
GGATTRAGCGR

AGAGTCRAGT
TCICAGTTICR

aFiTe

aFi7a

CCTCACTRCC
GGAGTGATGG

TAGCTTATTA
ATCGRRTRALT

LLT
TTA

CAT
GTR

CCGTTTC
GECALLG

TATCTT]
ATAG

ARCRGAGRGC
TIGICICICG

FakH

CRATGTRATR
GTTACATTAT

TITICTRGAG
ALARGATCTC

GCACAGCRAG

ACCTCGGCRG

BLACRAGCGCG

CTGGAGCGTRA

CGIGTICGTITC

TGGRGECCGEIC

TTIGTCGCGC

GRCCTCGCAT

GTCRCCGCCC
CAGTGGCGGGE

CCTTTGGGAC
GGRRACCCTG

GTGGCCTGAC
CRCCGGACTG

GTCAGCGGAG

GCGTAGCGRG

GGGRGGAGCR

GCRAGCCGGCT

TGGEGGCGETC

CAGICGCCTIC

CGCATCGCIC

(et bu R ot by R E)

CGTCGGECCGR

RACCCCGCCAG

CTGRAGCTGGG
GACTCGACCC

TCRCGTAGCT
RAGTGCATCGR

CRAGGTCCCRG
GTCCAGGGTC

ACTTGGGTCR
TGRACCCAGT

CRCCGCGCTT

TRACRCCGTCC

TCCGGCCGTC

GIGGCGCGRR

ATGIGGCAGE

RAGGCCGGCAG

GCTCGCAGIC
CGRAGCGTICRG

TCICCGCCAC
AGAGGCGGIG

ATG

Exl

CATGCCTATG
GTACGGATAC

TICATCGIGR
BAGTAGCACT

ACACCARTGT
TGIGGTTACR

TCCCCGCGCC
AGGGGCGCGE

TCCGTGCCAG
AGGCACGGTC

AGGGGTITICT
TCCCCARAGR

CTCCGAGCTIC
GRAGGCTCGAG

RCCCRAGCAGC
TGGEICGICG

TGGCGCAGGC
BACCGCGICCG

CRCCGGCRAG
GIGGCCGTIIC

CCGGCACAGE

TITGCAGGGR

GGGCACRGGR

GGCCGIGICC

BAACGTCCCT

Ll ll

LAGRGAGTAGE
TCICICRICC

GloLLLE1G0E0E
CACCCCRCCC

CCGGCCGGAC

GIGIGRAGGAG

GRATGGGGCT

GGRAGCCRAG

GLELELELLEE0

[ELELCNNEC M E

TGGRGCTTIC

TGCRAGRCCT

GLGELLLTIGET

RRCCRCGGGC

GGGCTRACCG

GELCCGELCTE

CACACTCCIC

CITACCCCGA

CCITOGGEITIC

CECCCGGELCE

CCCRCCGCCE

LCCTICGRRAG

ACGTICIGGR

CGCCGGGEARCA

TIGGIGCCCE

CCCGATTGGEC

CeleICIGIC
GCRCAGRCAG

CLIoLLGLIT
GGAGGGCGAG

TCCGCCCCIC

CCCCCRCRCL

AGGCGGGEAG

JRCINCNN

Ex2

GTACATCGCR
CATGTAGCGT

GIGCACGIGG
CACGTGCACC

TCCCGGRCCR
AGGGCCIGGET

GCICATGRCT
CGAGTACTGA

TITAGIGGCR
BRAATCACCGT

CGAGCGRCCC
GCTCGCIGGE

CIGCGCCCIC
GACGCGGGAG

TGCAGCCIGC
ACGTCGGACG

RCAGCATCGG
TGTICGTAGCC

CRAGATCGGT
GITCTAGCCR

GGCGCCCAGR
CCGCGGGEICT

RCCGCARCTR
TGGCGTTGAT

CAGCRAGCTIG
GICGTTCGAC

ExZ

CIGIGCGGCC
GACACGCCGG

TGCTGICCGR
BCGACAGGCT

TCGCCTGCAC
AGCGGRCGTG

ATCAGCCCGG
TAGTCGGGCC

ACCGGTGCGT
TGGCCRCGCR

TTGAG
CCCCCRACTC

GGGCACTGGG
CCCGIGRCCC

AGGTCGGCIG
TCCRGCCGAC

GCTT
CGRACCCCCG

GITCGGTGGG
CRRGCCRCCC

CRCCGGCACG

CAGCACGCCC

TCCGAGRCCR

GIGLELLEIE0

GlLEIGLGE0EE

AGGCTCTGGT

CGIGCTTTAG
GCRCGRRLTC

CTCRGTRGAC
GAGTCRICIG

CCTITICATIC
GGRALGTRAG

Exd

STOF

TCTICAGGGTIC
AGAGTCCCAG

TRCATCARCT
ATGTAGITGA

ATTACGRCAT
TARTGCTGTA

TGAGCCCGGE
ACTCGGGCCC

CCTCACTTAC
GGAGTGAATG

CTGCACCGCT
GRACGTGGCGR

GITCTICGAG
CRAGRAGCTC

TCTTIGCTGCR
AGRRCGRCGT

CGCCCCGTIC
GCGGGGECARG

TGIGITIATIC
LCRCRRRTAG

CRCCCGIRLT

GRTGGCCRCC

GIGGGCATTR

CTACCGGIGG

TICCGGICGGE
RRGGCCRGCC

GRGLLRTRAL
CICITTATTT

TGEITIGRAGR
RCCRRACTCT

CCATGGITGC
GGTACCRACG

CICCGCTICT
GRGGCGRAGR

GCITCCTIIGG
CGRAGGRACC

CIIGCTIGCG
GRACGARCGC

AGGGEETITGGE
TCCCCRRCCC

TGCRGGGCEE

GGACCTITGRL

R4

gFidih

ACGTICCCGCC

CCTGGRRCTT

TGGRAAT] CGCTGGGRAC
ACCTTT CCGACCCTIG

aRET

GIGCG
CACGCT|

5]
C

gFiih
GCGTG C

G

CGCACT|

RAGACTTGRAR
TCIGRACTIT

TTGGCCAGTT
ALCCGGTCRAR

TGGTGGTITA
LCCRCCRRAT

CATRGICTTIT
GTATCRGRRD

GCTTGGGCTT
CGRACCCGRR

TCICTRRACT
LGAGATTITGA

GIGCTGGCCT
CRCGACCGGR

TRCGTCCRAR
ATGCAGGTIT

AGLRAGCCGAC

TTAGTRRRCT

GGTCAGGAGT

TGTATCAGRR CTICCCGGGC AGTTIGITGCA

TCTTCGGCIG

BATCATTIGR

CCAGICCICR

LCATAGTCTIT GRAGGGCCCG TCRACRARCGT




Strategy 1: Deletion of the whole Mif gene

PROS CONS
— The whole Mif gene will be deleted (only -/
1.1 kb)

— This deletion will lead to a knock-out

@ s
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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

* FO founders genotyping
v' PCR + sequencing (estimation of the deleted sequence)

* FO founders of interest will be bred to obtain germ line transmission

 F1 validated animals will characterized
v" By PCR + sequencing

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

@ Cs
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In vitro efficiency assay

STOP
ATG »
o
GR76 m m GRE3 9R94 2. gra3p
— R . oREY -
F1 R2 F7 R6

F1-R2 +gR76 +gR79 +gR83 F7-R6 +gR94 +gR87 +gRI3b

bpngoSw %
10000 120 36
000 180 36
— 0 0 g
0 18! §Z
F1-R2 (483bp5) S / 200 180 38
- | B
— 1500 1320 32
- — 1000 800 120
=7 a0 170 34
— 800 170 34
& 1t
| - - R
L ad — -0 200 40
— 200 200 40
‘ — 100 200 40
—
F1-R2=483bp F7-R6=518bp
+gR76=216+267 +gR94=208+310
+gR79=194+289 +gR87=205+313
+gR83=187+296 +gR93b=198+320

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. @ TP

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



Microinjection in C57BL/6N fertilized eggs

25 ng/ul Cas9 mRNA + 12 ng/ul gR76 + 12 ng/ul gR79

+12 ng/ul gR94 + 12 ng/ul gR87 115 14 2
10 ng/ul Cas9 mRNA + 10 ng/ul gR76 + 10 ng/ul gR79 c7 8 3
+ 10 ng/ul gR94 + 10 ng/ul gR87

Total 172 22 5

phen®min €3
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PCR genotyping for the characterization of founders

ATG STOP

/

WT allele

R7

DEL allele(s)

FO generation characterization

MW 6975 6976 6977 6978 6979 6980 6981 6982 WT H,0

-]
g
=]
=

-

LA |

-

-

FE T RNNNS ASSSSS S

BE2BESTERIIEITRE,

Expected DEL alleles size { [— -— —

2 e S 0006000 RS €0 6000 LORSLOLILI LILILD
OO0 OOLLELELDNNNNODHD o

-
g
n
o
o

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

Cs
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Next step

Three founders (FO-6979, FO-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.

@ Cs
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Oligo F2 in orange
Oligo R7 in green
Ins Cin red

Sanger sequencing

Kur7103-6979-DEL
Line established

ttcgctaaagtecgtegatectacccactggeaggagagataaggecaacctaccggteccatcaat
ggcttaagtttcctctacttggtacaaatctctcagacctgaacttgetectactaatacggttaatcetgt
acagcatctacttgcaatgtctcgacgaacctaatcgctagagtcaagtcctcactacctagcettatta
atatgaggcatcctecgttte JUNCTION DEL
ccgtgegatggggcegtgatggeagacttgaaattggecagtttggtggtttacatagtcetttgettggg
ctttctctaaactgtgctggecttacgtccaaaagaagecgacttagtaaactggtcaggagttgtatc
agaacttcccgggcagttgttgcatcctgagetaggttcttccgectgggegggaatectgaattgtge
ccttecttacctetgtggcaaatggaaggggagttgagtgggcaaaagtatagggattaaattaatag
tgcggeagetgggcctgtatettictcagecccattt

Junction DEL
|

TAATATGAGGCATCCTCCGTTTCCCGTGCGATGGGGCGTGATGGCAGACT

F1 heterozygote DEL (del)

Kur7103-6979

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

gR76 muem

sToP
ATG
| ¥y
Ex2
gR79 gR87
o .
e e
DEL allele
F1 genotyping
F2-R7

7518 7519 7520 7521 7522 7523 7524 7525 7526 7527 7528 7529 7530 7531 7532 WT H20

“_
EI

DEL
PCR size
540bps

R I L

phen®min ¢S
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Kur7103-6981-DEL
Line established

Oligo F2 inorange  ttcgctaaagtccgtcgatectacccactggcaggagagataaggecaacctaceggteccatcaatg
Oligo R7 in green  gcttaagtttcctctacttggtacaaatctctcagacctgaacttgetcctactaatacggttaatctgta

STOP
Insertion in red cagcatctacttgcaatgtctcgacgaacctaatcgctagagtcaagtcctcactacctagcttattaa- "o, ATG ‘ R oy
JUNCTION DEL " h i
WT allele Ex2 3
cgTTCCATGCACGTAACGatggggcgtgatggcagacttgaaattggccagtttggtggtttac RT6mm . oR94
atagtctttgcttgggctttctctaaactgtgetggecttacgtccaaaagaagecgacttagtaaactg gR79 T oRE
gtcaggagttgtatcagaacttcccgggeagttgttgeatectgagetaggttcttecgectgggeggg. 00 e
aatcctgaattgtgececttecttacctetgtggecaaatggaaggggagtigagtgggcaaaagtatag o Fz _____________________ R6 g7
ggattaaattaatagtgcggceagetgggcctgtatctttctcagecccattt DEL::IeIe """""""""""" Pt -
Sanger sequencing Junction DEL

F1 genotyping
TCCTCACTACCTAGCTTATTAACGTTCCATGCACGTAACGATGEGGLGTG.

F2-R7

7533 7534 7535 7536 7537 7538 7539 7540 WT H20

- w < DEL
PCR size

531bps

Kur7103-6981

Ced -
]
f

o N o
Kur7103-6981-DEL line was established but not cryopreserved. p hen.m l n ‘CS
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Kur7103-6982

Sequence with F2-R7 ttcgctaaagtecgtegatectacccactggecaggagagataaggcecaacctaccggteccatcaatggcettaagtttecte
Oligo FWD in orange tacttggtacaaatctctcagacctgaacttgctcctactaatacggttaatctgtacagcatctacttgcaatgtctcgacg
Oligo REV in green aacctaatcgctagagtcaagtcctcactacctagcet JUNCTION DEL---mnmmmmmmmmmmmmme

ggggcgtgatggcagacttgaaattggecagtttggtggtttacatagtcetttgettgggctttctctaaactgtgetggectt
acgtccaaaagaagccgacttagtaaactggtcaggagttgtatcagaacttcccgggceagttgttgcatcctgagetagg
ttcttccgectgggegggaatectgaattgtgeccttecttacctetgtggcaaatggaaggggagttgagtgggcaaaagt
atagggattaaattaatagtgcggcagctgggcctgtatetttctcagecccattt

Sanger sequencing

Ppsl

tacttgcaatgtctcgacgaacctaatcgoctagagtcaagtcctcactacctage tgat ctt tt tttggtggtttacatagtcttt
1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 I 1 1 1 1

T T T T T T T T T T T T T T T T T T T T T 1
atgaacgttacagagctgcttggattagcgatctcagttcaggagtgatggatcgaccoccgeactaccgtctgaactttaaccggtcaaaccaccaaatgtatcagaaa
[ __gR76 | gR93b |

[ |

gR87

Junction DEL

tacttgcaatgtctcgacgaacctaatcgctagagtcaagtcctcactacctagctl_ggggcgtgatggcaga{:ttgaaattgggcagtttggtggttta{:atagtcttt

TACTI'GCAATGTCTCGACGAACCTAATCGCTAGAGTCAAGTCCTCACTACCTAGCTGG@}GTGATGGCAGAC'ITGAAA'ITGGCCAGI TTGGTGGTTTACATAGTCTTT

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

Cs
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Genotyping protocol
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GENOTYPING INSTRUCTIONS

ATG STOP

WT allele /
F2 ~R2 R7
DEL allele(s) T
F2 R7

PCR genotyping strategy

ST Amplification Amplification

product size WT 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 p h e n.m i n '.CS
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GENOTYPING INSTRUCTIONS

PCR Protocol

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

Cycling conditions

Reagents: Volume (per sample):

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

- 10mM dNTP 0.4ul 96°C 5min 1
- 5 primer (100 uM) 0.1pl e -

- 3’ primer (100 uM) 0.1ul 62°C 10s 30
_ DNA (lysate 1/10) 2ul o8¢ 455

- Phusion Hot Start Il 0.2l 68°C 5min 1
- Sterile H20 up to 20 pl TBEE E— 1

@ s
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