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PRVE OBJAVE — UPORABA MISI V

POSKUS NA MISIH Z ZRACNO CRPALKO — VPLIV atmosferskega pritiska na Zivo bitje ipd
> Vecinoma na divjih misih, ne-standardizirano.

Spontane Mutacije

neznani avtor, Japonska 1787

—
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“NEURADNI” ZACETEK GENETSKIH
RAZISKAV Z MISMI ~ 1860

-DELNO ,,GENETSKO STANDARDIZIRAL!“ ‘o e &
(RAZVIL LINIJE, KI SO BILE FIKSIRANE ZA
BARVO DLAKE)

Avstrijski Skof Anton Ernst Schaffgotsch prepove '
Mendlu delo z miSmi zaradi (*):

“ni primerno, da menih deli sobo z bitji,

~ ki so ,,spolno aktivne“

* Paigen K: One hundred years of mouse genetics: an intellectual history. L. The classical period (1902-1980). Genetics 2003, 163:1-7

“URADNI ZACETEK
— genetika misi” - 1902

« 1900 Correns, De Vries, in + 1902
Tschermak - Lucien Cuenot (Francija)
*Neodvisno potrdijo Mendlove * Mendlovi zakoni veljajo tudi pri
zakone — vsi pri vi§jih rastlinah miih (dedovanje barve dlake)

Cue’not, L., 1902 Notes et
revues, Arch. Zool. Exp. Gen.,
XXVii

1905 L. Cuenot: prva letalna
mutacija AY (aguti yellow)

7E UPORABA MUTIRANIH

— DELNO INBRIDIRANIH-
GENETSKO

STANDARDIZIRANIH MISI
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PRVI “KOMERCIALNI” REJCI MISI
Abbie Lathrop (ZDA) ~ 1900-
prve zacCetki standardizacije

= — Redila “Fancy” mice za prodajo v zacetku kot druzne
~ zivali kasneje vedino za raziskovalne institute

~ Zbrala in vzrejala nekaj pomembnih mutantov
-creamy buff

-rare ruby eye yellow

-white English sable

-waltzing mouse

-silver fawn mice

-1921 je Clarence Little razvil inbridirano C57BL/6 -
starSe (mis Stevilka 57) kupil pri gospe Lathrop

-naj bi vsaj 6 danasnjih inbridiranih linij izviralo iz
njene zbirke

;- -redila do 11 000 miSi na njeni “farmi”

-njeni zapiski in vzrejni protokoli zelo koristili
raziskovlacem

-kot so-avtor objavila ve¢ ¢lankov

PRVA INBRIDIRANA LINIJA MISI —“DBA“
Clarence LITTLE (ZDA) ~ 1910-

~ 1910 DBA
(Dilute, Brown, Agouti)

-1921 je Clarence Little razvil inbridirano
C57BL/6 -starSe kupil pri gospe Lathrop

Ustanovil The Jackson Laboratory 1929
Cancer genetics, transplantation (pomen
homogenosti genetskega ozadja)
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Prvi genetski markerji — fenotipske mutacije (barva dlake ipd)
-> stabilnost dedovanja barve ~ genetska stabilnost

albino ¢incila

Aguti-rumena spotted rjava
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kunci, hrcki, drugo?..)

Npr.,
CISTICNA
FIBROZA,

IZBIRA POSKUSNIH ZIVALI
GLEDE NA ZNANSTVENO VPRASANJE

* |zbor med speciesi (?misi, podgane,

Human Pig Ferret

Spontaneous Lung

“ V{‘J ./S 10
Infections
Impaired Growth v v’ 810
Intestinal v B i
Exocrine Pancreatic v 2035 L1135
Endocrine Pancreas ESVE
Hepatic v WL RLEE
Gallbladder v y B s

Rabbit

s ?'ﬂndaa

?

SV IS BENCN RN

IZBIRA POSKUSNIH ZIVALI
GLEDE NA ZNANSTVENO VPRASANJE

Npr., CISTICNA FIBROZA,

Rat

Mouse

x 21539
.,2.15.39
V?.]B.GB
x 21539
x 21539

x 215383
x 2,15,38

Rosen_Engelhardt J CYST FIBR. 2018 Animal models for cystic fibrosis
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s CRISPR/Cas9 preurejanjem
. —>pridobivajo na veljavi
Macka

* FIV

« Diabetes

* Misi¢na distrofija
» Hemofilija

* Nevrodegenerativne bolezni

Pes

« Kardiomiopatija

« Misi¢na distrofija
« Rak prostate

* Tumor(ji)

* Rak dojke « Dedne bolezni mreznice
* Sarkom . .
X « Dedne nevroloske bolezni
 Limfom
*Osteosarkom
« Kroni¢na mieloi¢na levkemija
« Tumor prehodnega epitela
« Kriptorhizem
vix DOMACE ZIVALI
Prasic «<— — > Ovca
KOT MODELNI ORGANIZMI
* Ateroskleroza « COPD
« Nalezljive bolezni « Cisti¢na fibroza
* Melanom « Astma
« PRRSV . IUGR
« Anevplodije
« Nevrodegenerativne bolezni

Kunec  -HIV
* Ateroskleroza
« Hiperholesterolemija
* Akromegalija
« Osteoartritis
« Kardiomiopatija
« Levkemija

IZBOR POSKUSNIH ZIVALI
DOMACE ZIVALI

MODELI IZNICENIH GENOV — SPONTANE ,,NARAVNE“ MUTACIJE

-NISO GSO; OBSTAJAJO PRI RAZLICNIH VRSTAH

Baza podatkov OMIA
Domace Zivali https://omia.org/home/

npr: KLIUCNE BESEDE — DWARFISM, MUSCULAR...

Baza podatkov OMIM
Clovek https://www.omim.org/

Psi http://www.vet.cam.ac.uk/idid/
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Mutacije v genu MIOSTATIN

vodijo v dvojno omisi¢enost pri ¢loveku

NEW ENGLAND JOURNAL OF MEDICINE 2004

Necnate 7 Months

? KATERI ZIVALSKI MODEL

Schuelke, M et al. Myostatin mutation associated with gross muscle hypertrophy in a child

L=b 7 em? Z=3.1lemd

D M .zelo moéni*

1l oo -.IO
1 2 3 4 [3 7 3

0
~0
-0

=¥

2
Index patient

i
Mama = Profesionalna $portnica
— heterozigot za Mstn ni¢no mutacijo

Prof. dr. Simon Horvat

RAZLICNI MODELI za dvojno omisiéenost
MED VRSTAMI

Figure 1. Doubls muscling phenotype resulling from inactivating mutations in the MSTN gene. lal Mstn~ - mouse lefil compared with 2 wiki-type fittermane {rightl
Reproduced, with permission, from Ref. [24]. (bl Baigian Blue bull Repraduced, with permission, Fom Ref. [6]. o) Texsl shesp iphotograph kindly provided by
Michel Gearges|. id] *Bully’ whippet hamosygous for a MS TN mutation {batiom| and  whippet heterarygous for the same mutation ftop). Repraduced, with permissian,

ram Ref 111

Prof. dr. Simon Horvat

Predavanje za sIovenskovdruétvo za
laboratorijske Zivali (SDLZ)

26.11. 2020



Prof. dr. Simon Horvat Genetska standardizacija Zivali

IZBIRA POSKUSNIH ZIVALI
GLEDE NA ZNANSTVENO VPRASANJE

* |zbira optimalne linije znotraj vrste

Linija FLI — sicer selekcionirana na

Modeli, ki razvijejo aterosklerozo Debelost in razvije metabolni sindrom

v 3 mesecih na HF komercialni krmi Vendar pa ne tudi ateroskleroze

5

3T »
: .

Podolzni prerez aort

Vir — Simonci¢ neobjavijeno

Npr. LDLreceptor knockout
ApoE knockout

Npr. vecina ostalih linij misSi

|IZBOR MISJEGA MODELA ZA DIABETES TIPA 2
-glede na znanstveno vprasanje
-katero obliko bolezni pri ¢loveku simuliramo

Mouse Models May Recapitulate Human Characteristics

BE.Cg-Lep®))
‘ (Strain 632)

BKS.Cg-Dock™
++ Lopr®J
(Strain 842)

NON/ShiLL) KK.Cg-Arl) NONcNZO1VLL) TALLYHOng.) MSNASHIPcod
(Strain 2423) (Strain 2468) (Strain 4456) (Strain 5314) (Strain 30888)

Genetical
Degree of Poly genc! Monogenc! Morogens! Poly genic! Monogenic! Foly gerse/ Foly gersc/ Foly gersc

o Maoderate Severe Severe Moderale Moderak: Moderale Moderale Moderale
Genetica/ gonc!
Dy Py genic/ Poly genic/ Py genic! Py genic/ Py genic/ Py genic/ Poly geric! Py genic/ M:‘::—;I: et

9 Moderaie! Seversd.d Severed Moderaie! Mesderaled- 3 Severs! Severs! Severs!

Diabetes dependent)
Insulin Moderale io Mod Mod ) hodk dodk Moderabe o
Resistancs Severe = e Severe
Islet Atrophy Vanabie No Yes No No Yes Yes Ve (lake) Nol determined
Human
Disease Phasclal  Phaseliam  Uoo®  Pedaeld o iian Phass Ll &1 Phase 7 I&H  Phase LIl I (7)
Model

* bnpaired *Impared wound
Diabeti wound haaling healing -Mid y )

L <Varisbia T e ity Napm:epar.-,’ Mid nephropaty ) “Develops metboke
e_ompllel— eropshy, Simed nesropahy = Bavars ler = Moderat e = Modirate fiver =Moderate stealoss  syndrome [ HASH on
tiona naphmpany, Heurcpaty i shalsis sinatosis a Wasiorn dini

Inver statens

Vir: JAX mice webinar
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h

|ZBIRA optimalnega modela
FENOTIPSKE BAZE_LITERATURA

ttp://phenome.jax.orqg/
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http://phenome jax.org/db/q?rtn=projects/details&sym=Hunter1
Lifsted et al. 1998. Int J Cancer 77(4):640-4. PMID:9679770

https://www.jax.org/news-and-insights/2006/june/the-importance-of-genetic-background-in-mouse-based-biomedical-research
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TIPI — VRSTE POSKUSNIH ZIVALI GLEDE
NA GENETSKO SESTAVO

* 1.) Inbridirane linije:
— iz enega izhodnega para neinbridirane vrste

— Po najmanj 20 generacijah parjenja med brati in sestrami
+ Se vedno do 2% ostanka heterozigotnosti

+ Sele po 36-tih generacijah parjenje brat-sestra doseZzemo ~ popolno

izogenost
— Cilj IZOGENOSTI pri inbridiranih linijah

+ zmanjsati na najmanj$o mozno raven, genetsko variabilnost
znotraj inbridirane linije — vsaka zival je ,,tehniska“ in ne
,,bioloska“ ponovitev

* Fiksirati alele v celotnem genomu (jih narediti homozigotne) in s
tem fiksirati dolocene lastnosti.

+ Zagotoviti histokompatibilnost (sprejemanje transplantacij od
druge zivali iste linije)

Simecek P, Forejt J, Williams RW, et al. High-resolution maps of mouse reference
populations. G3, 2017; 7: 3427-3434.
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TIPI — VRSTE POSKUSNIH ZIVALI GLEDE
NA GENETSKO SESTAVO

Inbridirane PODLINIJE:

— Ce pri¢nete s svojo vzrejo med F20-F40

— Ce kupite inbridirano linijo od referencnega centra in jo sami

vzrejate vec kot 2 leti (? Star vir), 20 generacij (FELASA 2020)

— Ce z genetskimi_fenotipskimi testi ugotovimo novo genetsko

variabilnost znotraj linije

— Ce razvijete svojo novo linijo (npr: selekcijsko, transgeno ipd)

TERMINOLOGIJA

Glavni posodobljen vir:
http://www.informatics.jax.org/mgihome/nomen/strains.shtml

« 1. Introduction
o 1.1 Mice
© 1.2 Rats
. _Laboratory codes
. Inbred Strains and Hybrids
© 3.1 Definition
3.2 Nomenclature of Inbred Strains
3.3 Indication of Inbreeding
3.4 Substrains
3.5 Hybrids
+ 4. Strains Made from Multiple Inbred Strains
4.1 Recombinant Inbred Strains
4.2 Collaborative Cross Strains
4.3 Mixed Inbred Strains
4.4 Recombinant Congenic Strains
4.5 Advanced Intercross Lines
sogenic,_Congenic, and Segregating Inbred Strains
5.1 Coisogenic Strains
5.2 Congenic Strains
5.3 Chromosome Substitution or Consomic Strains
= 5.3.1 Consomic Strains
¢ 5.4 Segregating Inbred Strains
o 5.5 Conplastic Strains

L o

o

I o o o

.
[
]

oo oo 00000

+ 6. Qutbreds and Closed Colanies . Perse, M. in Rozman, D. (2006)

¢ 6.1 Qutbreds Znagilnosti in pravila poimenovanja

© 6.2 Closed Colonies inbridiranih linij misi. Veterinarske novice,
+ 7. ES cell lines and iPS cell lines 20086, letn. 32, &t. 1/2, str. 23-29.
* 8. References
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TERMINOLOGIJA — Linije - podlinije

http://www.informatics.jax.org/mgihome/nomen/strains.shtml

OkrajSava
129

A
A/He
AK
B
BolJ
BON
B10
BR

CBy
CWt
C3

CBA

Linija - Podlinija
129 strains (may include subtype, €.g.,
129S6 for strain 129S6/SvEvTac)
A strains, except for Heston substrains
A/He (Heston substrains)
AKR strains
C57BL
C57BL/6J substrains
CS57BL/6N substrains
C57BL/10 strains
C57BR/CD
BALBY/c strains
BALB/cBy (Bailey substrains)
BALB/cWt (Whitten substrains)
C3H strains
CBA strains, except Carter substrains

PUBLIKACIJE — NUINO PODROBNO
NAVAJANJE LINIJE — PODLINIJE

KATERO LINIJO
CS57BL STE UPORABILI?
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Divergence of C57BL/6 Laboratory Mouse Substrains

i, T
500 amrcnmjsxmu:n

To oedor JAX™ Mice 0
Eurnpe, pleast cunlacl us &
ackeharlesrverGed com

Prof. dr. Simon Horvat

TERMINOLOGIJA — Spontane mutacije in gensko
spremenjene linije (npr. ,,knockout*)
Spontaneous and Targeted Mutations (tm)

= KNOCKOUT
C57BL/6)-Apctin/]
| I | |
Linija_Genetsko Simbol  Simbol Laboratorijska Koda
Mesano = ozadje gena Spontanega
Genetsko

Vzrejne organizacije

alela
ozadje
‘\6* (é ”-Tcrb’"’ e/ j

| ~He\e —

Glavno Genetsko Donor
ozadje genom-
»oprejemna“ linija  linija

Simbol Clljnd Koda
ena Mutacija Raziskovalca
¢ Alel §t 1 ki razvil linijo

Dodaten VIR: Webinar https.//www.jax.org/education-and-learning/webinars
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INBRIDIRANA (knockout) PODLINIJA

» Kodo laboratorija odobri Institute of Laboratory Animal
Research (ILAR) (http://dels.nas.edu/ilar ).

* Primer “naSe” transgenske linije odobrene s strani
ILAR:

» B6.129SV-Cyp51tmiBfio (pogojni alel loxP)

* B6.129SV-Cyp51tm!11Bfro (nj¢ni alel)

PeISCIMA. https://www.jax.org/jax-mice-and-services

DELOVNI PRIMER - transgena linija

(dodan gen
Laboratorijska Kod4
Vzrejne organizacijg
Glavno Genetsko . Koda
ozadje Simbol - Raziskovalca
»Sprejemna® linija Promotor gena ki razvil linijo

B6,Cg-Tg(PDGFB-APP)5Lms/] |

\ § Oznaka

Izhodne

(.) Kongeno ozadje Dodani Transgene linije

Transgen
(pomeni vsaj 5
povratnih kriZanj

VIR: http.//emeeting.jax.orqg/p81loqjkogt/
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INBRIDIRANE — POSEBNE VRSTE
LINIJ POSKUSNIH ZIVALI

1. KO-IZOGENE SPONTANA MUTACIJA (gen LEPTIN)

KO-IZOGENE LINIJE

RAZLIKA LE V ENI MUTACIJI (LAHKO 1 NUKLEOTID RAZLIKE)

15 19 XY 15 19 XY

1 1
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KONGENE LINIJE

| RAZLIKAV ENEM KROMOSOMSKEM SEGMENTU (VECJE STEVILO GENOV) |
DEBELA Iinija 23% % Vitka LINIJA

telesnega masc¢.
1 15 telesnega masc. g 15 19
" Ji- “ "ﬁﬂ“

KLASICNA“

1 POVRATNA
“ “ X (tb “ KRIZANJA
\ n=10
Z genetskimi testi izberemo

19% Tar¢ni genomski odsek

1 15 . . telesnega TR Ali transgeni vkljucek
' e e 23%-19% = zmanjSanje mascevja za 4%
Zaradi gena(ov) v odseku kromosoma 15 iz vitke linije

KONGENE LINIJE — HITRA METODA

»Speed congenics” - 4-5 generacij

Genetically engineered
Genotipiziranje vseh potomcev (SNP) Speed Congenics oLy Anaare
Izbor za naslednje parltve derived from 129 strains Wild-type mouse

-zivali, ki nosijo tar¢ni
genomski odsek donor linije

genoma Spre_]emne hn]_]e 129-50% C57BL/6-50% C57BLIG-100%
T T T T

C57BL/6-100% 120-29 129-25% 129-30%
C57BL/G ‘/’ C57BL/6-75% C57BL/6-70%

The 1st-generation mouse
closest to CS7BL/6

IZ 120-10% 129-14%
C578! A/_‘ C57BL/6-80% C57BL/6-86%
he 2nd-generation mouse
closest to CS7BL/6
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MISICNA ATROFIJA zaradi mutacije v
genu AGRIN NA OZADJU LINIJE
C57BL6 JE SIGNIFIKANTNA

KONGENE LINIJE - nujne kontrole

Ker imajo mutacije lahko razli¢ne uc€inke glede na ozadje linije

MISICNA ATROFIJA zaradi mutacije
v genu AGRIN NA OZADJU LINIJE
CAST NI SIGNIFIKANTNA

Hum Mol Genet. 2011 Dec 1;20(23):4617-33. doi: 10.1093/hmg/ddr396. Epub 2011 Sep 1.

FENOTIP MUTACIJE V DVEH RAZLICNIH OZADJIH

Pax6 mutacija (Sey ,Small eye) na razliénih genetskih ozadjih pri misih

129
LeftEye  RightE

129 B6 F1

[
Right Eye

Right Eye / LeiEye  RightEye \ Left Eye

6 ., .
¢e je na

Se
T P Izrazita epistaza mutacije Pax6
E “ 'ﬁ' ﬁ-f" -g' % ozadju genoma linije B6 v primerjavi z F1 ali 129.
i T %
dw .
5 o Genatype: p<0.001 el®
Bkgd: p<0.001 =

o Epistasis: p<0.005
& & &* & & ®

w Het

<-- Razli¢ne misje linije (,genotipi®)

Genatype and Bhgd
Prof. dr. Simon Horvat
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KAJ STORITI ¢e kupite / dobite

C57BL/6;129P2-Apoal m!Unc/J

I1Z IMENA STE UGOTOVILI :(glejte prej$nje diase ali
http://www.informatics.jax.org/mgihome/nomen/strains.shtml

-Gre za taréno mutacijo Stevilka 1 (tm1) gena Apoal (narejena je bila genska
sprememba, navadno knock-out, knock-in..)

-mutacija je na meSanem ozadju podlinij C57BL/6 in 129P2

-ker je med simboloma linij PODPICJE in ne PIKA, linija $e ni kongena

- Sprejemna linija je C57BL/6, ker je napisana na prvem mestu

-mutacijo so razvili na University of North Carolina, USA (Unc)

-podlinijo vzreja The Jackson Laboratory (J)

KAJ STORITI

-razviti kongeno linijo z povratnimi krizanji na linijo C57BL/6J — prej pridobiti
informacije, ¢e so ze izvajali povratna krizanja

-po 10tih generacijah povratnega krizanja, ali ~ 5 generacij speed ,,congenics®
je linija kongena in je tedaj Sele prava kontrola linija C57BL/6]J

TIPI — VRSTE POSKUSNIH ZIVALI
GLEDE NA GENETSKO SESTAVO

2.) NE- INBRIDIRANE

so genetsko raznolike (heterogene) populacije, ki se vzrejajo z nakljuénim
parjenjem ali drugimi sistemi parjenj, ki preprecujejo krizanja v oZjem
sorodstvu.

Primeri ne-inbridiranih vrst poskusnih zivali, ki se pogosto uporabljajo so:

- pri misih (NMRI, OF, CD-1, Swiss-webster, CF-1, CFW )

-pri podganah (Sprague-Dawley (SD), Wistar (WI) and Long-Evans (LE).)
-ne-inbridirane so praviloma tudi populacije psov, mack, kuncev, morskih
prasickov, kokosi in drugih domacih zivali

1. F1 hibridi
2. Prave naklju¢no parjene populacije (PASME)
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TIPI — VRSTE POSKUSNIH ZIVALI GLEDE
NA GENETSKO SESTAVO

2.) NE- INBRIDIRANE

Prednosti pred inbridiranimi
-robustne, plodne, odli¢éne nadomestne matere
-za doloc¢ene lastnosti manj variabilne od inbridiranih
--> zaradi tega in zaradi dejstva, da so genetsko heterogene podobno
kot ¢loveska populacija, pogosto v uporabi za toksikoloske in
farmakoloske teste

Slabosti — kritike
-ker so genetsko heterogene je problem standardizacije in s tem
ponovljivosti poskusov

-“standardizira® se v glavnem na fenotipske lastnosti kot so telesna masa,
plodnost, barva dlake ipd.

-V ZADNJEM CASU OSTRE KRITIKE ZA UPORABO V POSKUSIH
POSEBEJ V TOKSIKOLOGIJI IN RAZVOJU ZDRAVIL!

Festing MF. Inbred strains should replace outbred stocks in toxicology, safety testing, and drug development.
Toxicol Pathol 2010; 38: 681-690.

NE-INBRIDIRANE LINIJE
- kot ~pasme

-parjenje nesorodnih Zivali znotraj pasme

-imajo znacilnosti pasme

CE SVOJO VZREJO - KUPITI “VELIKO” ZACETNO POPULACIJO
ZAHTEVATI GENETSKO RAZNOLIKO!
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SISTEMI KRIZANJ ZA VZDRZEVANJE GENETSKE RAZNOLIKOSTI

Rotacijsko krizanje —
2 pod-populaciji

A x BJ
l
(AB) x AC

|

[(AB)A] x Bd

{(AB)A]B} x AG

Rotacijsko krizanje —
4 populacije

PREDNOST

-visoka, konstantna stopnja
heterozigotnosti

-PREDNOST: za poskuse je OK
Jkaterikoli“ potomec pod-populacij

Razdelitev na pod-populacije linije ICR K1, K2, K3, K4

ICR-K1-01 ICR-K2-01 ICR-K3-01 ICR-K4-01
&> x &D X &D X &> x
ICR-K1-02 ICR-K2-02 ICR-K3-02 ICR-K4-02

Drug nadin: parjenje do najve¢ bratranec X sestri€na
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LOCIMO

1.) GENETSKA KONTAMINACIJA

2.) GENSKI tok (genetic drift)
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1.) GENETSKA KONTAMINACIJA

-napake pri paritvah

Posebej paziti, ko se blizu vzrejajo linije s podobno barvo
dlake ali podobnim fenotipom nasploh

albino (Tyr ¢/ Tyr ¢) agouti (A/A), non-agouti (a/a)
2.) GENSKI tok

(genetic drift)

Genski tok je posledica SPONTANIH, veCinoma
NEVTRALNIH mutacij, ki lahko izginejo iz
populacij (linij) ali se naklju¢no obdrzijo.

Problem za standardizacijo!

-TEZKO odkriti na podlagi fenotipa
ali rutinskega genetskega monitoringa
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VIDNI GENSKI tok
C57BL/6J-A%/J B6(Cg)-Tyro2//
(000051) 3 4 (000058)
C57BL/6J
(000664)

C57BLJ"6J-LySFb9‘J.-’J C57BL/6J-KitW-v/J
(000629) (000049)

Dolgo ¢asa ,,NEVIDNI GENSKI
tok

1952

C3H/HeJ ~_ C3H/HeOuJ
(000659) Y (000635)
+LPS I l+LPS

Endotoxin resistant Endotoxin sensitive
Tlr4trs-d (1958-1965) Tird wild-type
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2.) kako ,,mocan* je GENSKI tok

Glede na frekvenco novih spontanih mutacij pri sesalcih:
~ 107 do 10 spontanih mutacij / lokus /gameto / generacijo
- 0,5-3x 10/ bp / generacijo

- 1 mutacija v proteinskih genih na ~ 1-2 generaciji

Z sekvenciranjem celotnega genoma genski tok dokazan pri Stevilnih
podlinijah misi in podgan

-Mekada K, Hirose M, Murakami A, et al. Development of SNP markers for C57BL/6N-derived
mouse inbred strains. Exp Anim 2015; 64: 91-100

-Hermsen R, de Ligt J, Spee W, et al. Genomic landscape of rat strain and substrain variation.
BMC Genomics 2015; 16: 357.

Genomske (funkcijske?) razlike
med podlinijami podgan

a b 3

Genome-wide Cluster No. Chromosome 1

0 25 50 75 100%
—_—

WY

WKY/NGH 1
WKYMNHsd
BN-Lx/Cub
" BN-Lx/CubPrin 2 - !
BMW/SsN
LHMavRrc — —
LLMavRrre -_— = —
LNMavRrme 3 - — =
SR == -
S8lr T ———
SSlrHsdMewi B

-Hermsen R, de Ligt J, Spee W, et al. Genomic landscape of rat strain and substrain
variation. BMC Genomics 2015; 16: 357.
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Further phenotypical characterization of two substrains of CSTBLE)
inbred mice differing by a spontanecus single-gene mutation
s Strter™ & T

Behavioural Bram Research

= Oiginal =
Genetic Differences among C5TBL/& Substrains

Substrains

atsmi NAKATA, K

Razli¢ni fenotipi pri C57BL/6
podlinijah zaradi genskega toka......

Mot All Mice Are Equal: Welfare Implications of
-~ Behavioural Habituation Profiles in Four 129 Mouse

xarnikana The C57BL/6J Mouse Strain Background Modifies h -

the Effect of a Mutation in Bcl2/2
#oStafanio J. Navarro, Tuyen Trinh, Chardotte A Lucas, Andrea ). Ross,

el Srrees, o S PE

1 of

F F il F ¥ ne
“| orthologs in a mutant mouse with a low

H. Btove White” snd

¥an Yang', Warsara J. Weye', James F. Cu1a”, Timathy P, Ok’ verity AL Lons',
Wayne M. Framkei®*

5w

D: ¢57BL/6N (Taconic)

E: C57BL/6J (Jackson Labs)

Razli¢ni fenotipi pri C57BL/6 podlinijah zaradi
genskega toka....

C57BL/6N imajo
Mutacijo v genu

Crb1rd8

—ocesne lezije

C57BL/6J
So Diviji tip

Mattapallil et al 2012 INVESTIGATIVE OPHTHALMOLOGY & VISUAL SCIENCE 2012 The Rd8 Mutation of the Crb1 Gend
Present in Vendor Lines of C57BL/6N Mice and Embryonic Stem Cells, and Confounds Ocular Induced Mutant Phenotypes
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NADZOR GENETSKE INTEGRITETE
POSKUSNIH ZIVALI

« OPAZOVANJE - fenaotipi

« OZNACEVANJE

« RODOVNIKI - SISTEMI PARJENJ
« GENETSKI (DNA) TESTI

PERSE, Martina, HORVAT, Simon, ROZMAN, Damjana. Genetski nadzor
inbridiranih linij = Genetic monitoring of inbred strains. Acta agric. Slov.. 2007,
letn. 90, §t. 2, str. 69-83.
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OPAZOVANJE - BARVA DLAKE

http://www.allaboutmice.co.uk/types-varieties-2/

* Npr. pri miSih so pogosti aleli

+ Agouti gen:
— alel “A” (agouti — divji tip, ¢rna dlaka, ._

z vmesnimi pasovi rjave dlake)

— alel “a”,ne-agouti (¢rn)

— alel “Aw” — “bel trebuh”
» Tirozinaza gen: e

— Alel “Tyr-c (albino)
— alel” Tyrc-ch” (¢incila);

* Rjav (Brown) gen:

— alel (Tyrp1b); rjav\‘ ’_\
. GenD (dilute): —

— Alel (Myo5ad)

+ Gen zabarvo P:
— alel (p) — “the pink-eyed dilution locus (p);

=

OPAZOVANJE - BARVA DLAKE

« NE ZANASAJTE SE NA BARVO DLAKE!!!NI!

+ NE ZANASAJTE SE NA PODOBNOST IMEN LINIJ

PRIMER : C57BL/6 : C57BL/10

-M. Simon_S. Brown et al. Genome Biology 2013, 14:R82
A comparative phenotypic and genomic analysis of C57BL/6J and C57BL/6N mouse strains

-Timmermans S; Van Montagu M; Libert C. 2017. Complete overview of protein-inactivating sequence variations in 36 sequenced
mouse inbred strains. Proc Natl Acad Sci U S A 114(34):9158-9163PubMed: 28784771MGI: J:244295

-Doran AG; Wong K; Flint J; Adams DJ; Hunter KW; Keane TM. 2016. Deep genome sequencing and variation analysis of 13
inbred mouse strains defines candidate phenotypic alleles, private variation and homozygous truncating mutations. Genome Biol
17(1):167PubMed: 27480531MGl: J:262923

The inbred C57BL/6 mouse strain was established at the Jackson Laboratory from the parental strain
C57BL at F24 in 1948. In 1951, at F32, it was then passed on to the National Institutes of Health (NIH),
leading to the C57BL/6N line.

-Med njima odkrili najmanj 34 SNPs in 2 indels v kodogenih regijah in 15 strukturnih variant
-dokazali tudi razlike v dolo¢enih fizioloskih, biokemi¢nih in vedenjskih sistemih
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KK/HLJ

FENOTIPSKE ZNACILNOSTI

* Velikost gnezda, telesna teza,
obnasSanje....

MOUSE PHENOME DATABASE - iackson lab. ZDA
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FH
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BALB/cBy.
NOD/ShiLt.J
CAST/ELiJ
SPRET/ELJ

OZNACEVANJE ZIVALI —- GENETSKI NADZOR

2 luknjici, isto uho 2 luknjici, razli¢no uho
1 luknjica
1 3 10| 30 4 40 11 13 31 33
3 luknjice 4 luknjice Drugo
4 |4 [ 3 [ 3 | 4 44 Brez
CE JE OZNACEVANIE
PREPUSCENO NAKLJUCJU
SO POGOSTO IZBRANE ISTE
(ZACETNE (LAZJE) OZNAKE

(desnicar — 1 ali 3 ali4)
(levicar — 10 ali 30, ali 40)

VELIKO KLETK A 4
Z ENAKIMI OZNAKAMI
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4 )4
NAKLJUCNO OZNACEVANJE
)4
BOLJSI GENETSKI NADZOR
POMEMBNO SPLOH ZA POSKUSE,
vsaka kletka ima svojo kombinacijo
kletka miska_1 miska_2 miska_3 miska_4
1 1 10 14 44
2 3 40 11 33
3 30 31 14 41
4 3 4 13 14
5 1 30 40 13
6 40 11 13 14
7 11 41 34 44
8 10 31 34 43
9 11 33 41 44
10 3 31 14 44
" 30 4 31 43
12 4 13 33 41
13 1 3 33 41
14 30 4 13 44
15 4 " 14 34
16 10 33 14 43
17 3 30 43 44
18 40 " 14 43
19 3 40 41 34
20 1 40 31 41

OZNACEVANJE ZIVALI — GENETSKI NADZOR
Identifikacijski Mikrocipi

Bio Medic Data Systems, Inc.,
255 West Spring Valley Avenue, Maywood, New Jersey 07607

Kent Scientific Corporation,
1116 Litchfield Street, Torrington, CT 06790

LUTRONIC North America,
2285 St Laurent Unit A1, Ottawa, ON K1G 4Z4 Canada

i TR

-permanentno oznacevanje
-vsaka zivali svoja Stevilka
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RODOVNIKI

Inbridirane — sistem brat-sestra vsako generacijo 1 par

Pedigree 1

ol
Fi YY"

2o @ M
JYITEY

Pri tem sistemu ,nove“ mutacije ali kontaminacije postanejo prej
HJiksirane® in vidne
Izlo¢imo potomce-rodovnik, ki ne ustreza po fenotipu ipd.

GENETSKI MONITORING
izvajate sami

mikrosateliti

Kromosom Oce Mati Mati l} Bomozigot
7y v v

2

Heterozigot

2 @

ISNMOT INLITILVSOUMIN
SO0O>0>0>%
JO-H0-16042

Oce A Homozigot

+ 4
Homozigot 4
(CA)s (CA),

Vir — Volci¢, T. diploma 2007

Benavides et al — Mouse microsattelite genetic monitoring Lab Anim 2001; 35: 157-162.
Mashimo et al T, Voigt B, Tsurumi T, et al. Rat microsattelite genetic monitoring BMC Genet 2006; 7: 19
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ISKANJE POLIMORFNIH MIKROSATELITOV

http://www.informatics.jax.org/marker

http://shigen.nig.ac.jp/mouse/mmdbj/about.jsp

Sa— 1|
= 0 e 1 Locus Name Chr. B6 CAST difference

: . D1 Mit17 1 166 184 13
Microsatellite Search  p1wmitza 1171 188 15
e ———— D1 Mit59 1 138 160 22

BB (C57TBLE) v CAST - * dingplay D1 Mltﬁg 1 1 38 1 60 22

RS S — D1 Mit17 1 186 184 18

D o e s e D1 Mit1 84 1103 100 3

" 12 13 14 15 D1 Mit3et 1 122 142 20

T L D1 Mit73 10171 186 15
http://rgd.mcw.edu/

MIKROSATELITI — standardna agarozna
elektroforeza

F L F1 F L F1 F L F1

DI5Mit138 DI15Mit5 D2Mit94 4%
Agarozni gel

F L F1 F L F1 F L F1

D15Mit63 D15Mitl56 I D7Mit62
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KOLIKO MARKERJEV IZBRATI?

Preglednica 1: Princip izbire $tevila genetskih oznaGevalcev za izvajanje genetskega monitoringa: primer
spodaj prikazuje, da s 6 polimorfnimi ne-vezanimi genetskimi oznacevalci lahko z 98,5% verjetnostjo
ugotovimo, Ce sta pregledani inbridirani liniji genetsko »¢isti« ali »kontaminirani«.

'Genetski | Alel Inbridirane | Alel Inbridirane | Kumulativna verjetnost, da
oznacevalec Linije §t. 1 Linije §t. 2 lahko odkrijemo
genetsko kontaminacijo
A A1 A2 (1-(0,5)")  50%
B B2 B1 (1-(0,52) 75%
C C1 Cc2 (1-(0,5)%) 87%
D D1 D2 (1- (0,54 93%
E E2 E1 (1-(0,5)%)  97%
F F2 F1 (1- (0,5)%)  98,5%

1 genetski oznaclevalci so ne-vezani (lezijo na razlicnih kromosomih)

Sicer je priporo¢ilo FELASA — 40 markerjev

NovejSe metode genetskega
monitoringa

V januarju 2009 tako The Jackson Laboratory

SNP mikromreza “Mouse Diversity Genotyping Array«
600,000 lokusov SNP

900,000 sond za dolo€anje variabilnosti Stevila kopij dolo¢enih genomskih odsekd

APLIKACIJE-

-genetski monitoring

-raziskave (kompleksne lastnosti-QTL) Vse pogosteje sekvenciranje
-§t. Kopij (rak!) celotnega genoma

https://www.jax.org/jax-mice-and-services/find-and-order-jax-mice/why-jax-mice/genetic-quality-control-program

Petkov_Wiles; Genomics. 2004 May;83(5):902-11.
Development of a SNP genotyping panel for genetic monitoring of the laboratory mouse.

Fahey Perez. Mamm Genome. 2013 Apr; 24(3-4): 89-94.
The case for genetic monitoring of mice and rats used in biomedical research

Cui SF1, Zhou Q, Qu X  Altern Lab Anim. 2012 Jul;40(3):155-63.
SNP genotyping for the genetic monitoring of laboratory mice by using a microarray-based method with
dualcolour fluorescence hybridisation.
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Zagotavljanje genetske stabilnosti
primer — The Jackson laboratory

INBRIDIRANE LINIJE

Poleg, klasi¢nih metod (barva dlake, obnasanje, plodnost, fenotipi)

.T. Founder pair

r'y

| | g

4« 44 4€¢ Obnovijo vsake 5 generacij
iz shranjenih zarodkov
Chnitmntan GantamGan GG nn €I vaukoy enega samega
“aeee “aeee - = Bee Lt weeed bd R e

e weeee wseee R hees P S P -4 para osnovalcev cele llnlJ e

Cocyte donor source The progeny of each
for frozen stocks femala is frozen separately

TRENDS in Gonotica

Genetski monitoring izhodnega para — preprecevanje genskega toka

Taft RA, Davisson M and Wiles MV. Know thy mouse. Trends Genet 2006; 22: 649—653

Zagotavljanje genetske stabilnosti

NE-INBRIDIRANE LINIJE

Poleg, klasi¢nih metod (barva dlake, obnasanje, plodnost, fenotipi)
-FREKVENCE GENETSKIH OZNACEVALCEV V VELIKI POPULACIJI
-PRIMERJAVA Z ZGODOVINSKIMI PODATKI FENOTIPOV
-PREPRECEVANJE INBRIDINGA

-OHRANJANJE GENETSKE HETEROGENOSTI

-OSVEZEVANIE Z ZAMRZNJENIMI STAREJSIMI GENERACIJAMI
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Iskanje SNP
(,,katerihkoli* zivalskih vrst)

ENSEMBL PODROBEN PRIMER
NA KONCU
http://www.ensembl.org PREDSTAVITVE

dbSNP

http://www.ncbi.nlm.nih.gov/snp Mo

TN

DOMACA ,NALOGA

GENETSKI MONITORING
komercialni zunanji izvajalci

https://www.criver.com/products-services/research-models-services/animal-
health-surveillance/genetic-testing-services/mouse-rat-genotyping?region=3696

https://www.jax.org/research-and-faculty/resources/scientific-research-
services/get-and-reproductive-sci-and-tgs/transgenic-genotyping-services

https://genomics.neogen.com/en/mouse-universal-genotyping-array

https://www.transnetyx.com/monitoring

https://www.taconic.com/colony-management/genotyping-and-genetic-
analysis/#snp

(,DISCLAIMER® — nimamo izku$enj s temi podijetji, vrstni red je arbitraren)
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KDAJ IZVAJATI GENETSKI
MONITORING

Ko prejmete — uvozite Zivalski model

— (zahtevajte opravljen genetski test ali protokol za
test od posiljatelja

Redno vsaj paritve —starSe;

Ko vzdrzujete linije s povratnimi krizanji ali

izvajate poskuse na F1, F2 krizancih..

Ko preverjate % genetskega ozadja (gensko
sprememnjeni modeli)

Ko oddajate zivali, tkiva (zazeleno)

Pred poskusi (celice, tkiva) e nepriCakovani rezultati
— po poskusu (zazeleno)

GENETSKI MONITORING PRI NAKUPU
LINIJE ALI PRI VZREJI

100 bp

o
=]
D1Mit171 D2Mit75 D3Mit200 D4Mit199 D5Mit81 g

DETEKCIJA GENETSKE KONTAMINACIJE LINIJE BALB/c
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NAPAKE SE DOGAJAJO - PRIMER

— aktivacija TIr4 celic makrofagov iz kostnega mozga — -
ponovitev sumljivi vzorcev

: OK
1l
N 15 iy
?
= ? ?
1 -
D5 - } = —
OK ﬂ ﬂ
‘ ‘D,2|1ng|5ng| |D,2|1ng|5ng| |D,2 ‘1ng|5ng| |0,2|1ng|5ng|

C3H/Hes C3H/HeJ C3H/HeN C57/BL6 C3H/Hel

" Tir4 KO+ TIrd KO*  Tird +“ ° Tird +* ° Tir4 +*

mis1 Mis 2 Mis 3 Mis 4 Mis 5

50bp A1 A2 C3 A9 Al10 All B9 B10 Bll €9 C10Cl1 C10 CliCl2

Napaka ni bila pri prevzemu miSi Pomembno shraniti nekaj
Ampak v laboratoriju (narobe obrnjena plos¢a) ,,materiala®“ z DNA (uSesni
vzorec, lizati) za ponovno

POMEN GENETSKEGA MONITORINGA (IZVORA) preverjanje

TUDI V POSKUSIH
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SE VEDNO NEZADOSTNO
UPOSTEVANJE TERMINOLOGIJE
PRI PUBLIKACIJAH

Total 27,519 PubMed publications using C57BL/6 mice

Substrain # of Citations* 5
s7eLe) T Tita0 VECINA PUBLIKACIJ
—— === NAVAJA SAMO LINIJO
C57BL/6N 1,119 BREZ NAVEDBE
C57BL/6JOlaHsd 38 PODLINIJE
C57BL/6JIco 21
C57BL/6JBom 11

(SE ENKRAT - POMEN TERMINOLOGIJE
- Navajanje GENETSKEGA OZADJA
- — razli¢ni rezultati

The Prkdc*“ mutation. In the NOD background, the Prkdcs¢id mutation
is associated with low natural killer (NK) cell activity, no complement
activity, impaired macrophage development and impaired antigen
presenting cell functions; in the BALB/c background, it is associated
with high NK cell activity, high complement activity, normal macrophage
development and normal antigen-presenting cell functions (Custer et al.
1985; Shultz et al. 1995).

IL10-deficiency. In the B6 background, IL10-deficiency only slightly
increases susceptibility to inflammatory bowel disease (IBD); in the
129/SvEv, BALB/c, and C3H/HeJBir backgrounds, it greatly increases
IBD susceptibility (Beckwith et al. 2005).

Ve¢ drugih primerov na povezavi

https://www.jax.org/news-and-insights/2006/june/the-importance-of-genetic-background-
in-mouse-based-biomedical-research
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SPODBUDNO
Vse ve€ dobrih primerov v literaturi, npr

MATERIALS AND METHODS

Mice

C3H/HelBirZtm (C3-wr), C57BL/6JZtm (B6-wi),
C3Bir 129P2.JJJ0mICan/]Ziyn  (C3-H1077"), and
H10mICen/1Zim (B6-1110~"") fvere obtained from the Central Ani-
mal Facility (Hannover Medical School, Hannover, Germany). B6
(Cg)-Tyr<-2[J Ifnb1™1-Lien mice were obtained from the Helmholtz
Centre for Infection Research (Braunschweig, Germany). B6.129-
Stat]™'Pl mice were kindly provided by David E. Levy
(New York) through Matthias Miiller (Vienna). Routine microbio-

Norovirus Triggered Microbiota-driven Mucosal Inflammation in Interleukin 10-deficient Mice
By: Basic, Marijana; Keubler, Lydia M.; Buettner, Manuela; et al.
INFLAMMATORY BOWEL DISEASES Volume: 20 Issue: 3 Pages: 431-443 Published: MAR 2014

SE (preve¢) SLABIH PRIMEROV

Animal Studies
All animal studies were approved by the local investiga-
tional review board (AF 16/20090) in an accredited estab-
lishment at the Institute Pasteur de Lille (no. B59-108)
?DOBAVITEL]  according to governmental guidelines no. 86/609/CEE. Age-
?GENETSKO  3nd  sex-matched Nod2-deficient (Nod2/~), interleukin

OZADIJE —— vz . :
TERMINOLOGLA 10-deficient (/l10777) and control Balb/c mice |(w1th0ut

: Yaday, .. Int IBD Genetics Consortium
GASTROENTEROLO Volume: 153 Issue: 2 Pages: 550-565
Published: AUG 2017

IMPACT FACTOR : 20,77
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GENETSKA STANDARDIZACIJA

Genom Mikrobiom

ze ~ OK 277

Primer — vpliv genetske
standardizacije MIKROBIOMA

« 1.) Ze leta 1990 objava — razlike v mikrobioti enake linije med
razli¢nimi prodajalci (Hirayama s sod. Exp Anim. 1990;39(2):263-7.)

* 2.) Mandal s sod. (ref. Spodaj) nakupovali ve¢ let vedno isto
inbridirano linijo od istega priznanega vzrejnega Centra (Taconic)

* 'V zadnjih letih opazili povecano obcutljivost na eksperimentalno
infekcijo z malarijo

* Imeli zmrznjeno blato za leta nazaj — z genetsko analizo mikrobioma
pokazali na signifikanten premik v sestavi mikrobioma

* S transplantacijami ,,stare in ,,nove“ mikrobiote v sterilne misi
dokazali kavzalni vpliv spremembe mikrobiote na njihov fenotip

Villarino_Schmidt PNAS 2016 2016;113(8):2235-40.

Mandal et al. BMC Biology 2020 Temporospatial shifts within commercial
laboratory mouse gut microbiota impact experimental reproducibility
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Primer — vpliv genetske standardizacije
MIKROBIOMA

Po infekciji z Plasmodium
2012-2016  C57BL/6N (Taconic) [P Samo 10% Parazitemije
20162017  CS7BL/6N (Taconic) NEEEEP preko 60% Parazitemije 9777

A
82016 Isolation Barrier Unit
(IBU &t 15)
1212016
202017

an0i17a | 1BU1S Misi iz iste §tavbe

4/2017b Vendar razli¢ne sobe!

52017 V letu 2017 dobava iz sob 2, 4, 5
Pred 2016 iz sob 8 in 12

% Parasitemia

S transplantacijo ,,stare® vs. ,,nove‘
fekalne mikrobiote dokazali kavzalnost vpliva
Na parazetimijo

Day p..

Mandal et al. BMC Biology 2020 Temporospatial shifts within commercial
laboratory mouse gut microbiota impact experimental reproducibility

ALI JE SPREMENJENA MIKROBIOTA KAVZALNA?
(opomba — predstavil spodaj zelo poenostavljeno)
Crevesna Cfevespa -
mikrobiota - mikrobiota [mi
2012-2016 __ gl 2016-2017 _ g
SPF C57BL/6NTac SPF C57BL/6NTac
TRANSPLANTACIJA TRANSPLANTACIJA
MIKROBIOTE MIKROBIOTE
Germ-free Tac:SW Germ-free Tac:SW
INFEKCIJA
péﬁﬂlﬁem * Plasmodium yoelii J'
NIZKA VISOKA
PARAZITEMIA PARAZITEMIJA
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Primer — vpliv genetske
standardizacije MIKROBIOMA

* Razlike v mikrobiomu iste linije so bile znacilno razli¢ne med
sobami in razli¢nimi deli stavbe vzrejnega Centra

* Izzivi za prihodnost - genetska standardizacija mikrobioma?
— PRODAJALCI:
* ? Genetski monitoring mikrobioma in porocilo pri vsaki posiljki

— RAZISKOVALCI
* ? Pri objavah porocati to¢no iz katere ,,sobe* / objekta je bila
kupljena linija in kdaj
* ? Pri objavah porocati ne samo ,,genetiki“ uporabljenih linij ampak
tudi o sestavi mikrobioma

Mandal et al. BMC Biology 2020 Temporospatial shifts within commercial
laboratory mouse gut microbiota impact experimental reproducibility
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GENETSKA STANDARDIZACIJA!!!

ZA REZULTATE, POSKUSE:
3R
-PONOVLIJIVOST, RELEVANTNOST
-SPLOSNOST, TRAJNOST
-ETICNO OPRAVICLJIVOST
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DODATNO —-za DOMA....

primera iskanja SNP oznacevalcev
v genomski bazi ENSEMBL 1n
SNPdb

ENSEMBL — mouse genetic variation

Primer — iskanje mi§jega modela za mutacijo v genu TIr4

I¢ite Mouse genome* za gen Tlr4
Kliknite Genetic variation / Variant Image

Gene-based displays

...................

kliknite Variant ima
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ENSEMBL — mouse genetic variation
Primer — iskanje mi§jega modela za mutacijo v genu Tlr4

I3¢ite Mouse genome* za gen Tlr4
Kliknite Genetic variation / Variant Image

U seaunce .. |

enes
Comprehensiv...

4
Pregled, kje v genu, kjer R
so pri misih odkriti w
polimorfizmi %
ARSE dcrnalT - L
Pregled, v katerih s

proteinskih domenah se
.. . MOSITE peofibe g
nahajajo pohmorﬁzmg_m . P

1582 || |
et M Toll/mtnrleulin-d mceptor homalogy [ T1
| S5

irtedeukin-1 receptor homelogy | TIR

38!
Leucine -rich nepeat
-

ENSEMBL — mouse genetic variation

Primer — iskanje miSjega modela za mutacijo v genu Tlr4

I3¢ite Mouse genome™ za gen Tlr4
Kliknite Genetic variation / Variant Table

[Kiiknite > | Verintisble
Variand image

Alle- Clin,  Conseq,
4:68822605 GIA SNP dbSNP - = | upstream
geng
wariant
468822618 CT SNP dbSNP - - | upstrearn
gena
wariant
468822610  GIA SNP dbSNP g - upstroam
geng
variant
13485035 4:66822683 TiC SNP SNP A = | upstream
gens
wariant
261360050 486822710 G SNP dbSNP - - | upstream
gena
wanant
466822761 TIC  SNP WP B ; upstream
gena
wariant
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ENSEMBL — mouse genetic variation

Primer — iskanje mi§jega modela za mutacijo v genu TIr4

I3¢ite Mouse genome* za gen Tlr4
Kliknite Genetic variation / Variant Table / Show in Transcript

Codons  Alternating codons  Alterating codons

Exons Anexon Another exon
vaants SpOUTR] BRAUTR Mosense Sonyrs
Other UTR

Markup  |oaded

® Variants are fillered by consequance type

ENSEMBL — mouse genetic variation

Primer — iskanje miSjega modela za mutacijo v genu Tlr4

I3¢ite Mouse genome™ za gen Tlr4
Kliknite Genetic variation / Variant Table/ Consequences/ Stop gained

Npr. zanima nas, ¢e pri misi obstaja v tem genu mutacija, ki generira STOP kodon in skrajsa protein

Filter m ¥ Cor W Fitior Other Columna
>wtinveny Consequences
T | L . e B |

e T B (o [ -
e Sl [P B (== B (o e —

— ]
[T b —

—
FainIiIT] FE: B D B

-

- [

[ ]

466822761 TC SNP dbSNP ' ™
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ENSEMBL — mouse genetic variation

Primer — iskanje mi§jega modela za mutacijo v genu Tlr4

I3¢ite Mouse genome* za gen Tlr4
Kliknite Genetic variation / Variant Table/ Consequences/ Stop gaineq

Npr. zanima nas, ¢e pri misi obstaja v tem genu mutacija, ki generira STOP kodon in skraj$a protein

W-' 1 vemscrst stsason D (v seeen [

[~ ¥
1 e scepan v [l e ] D (£ 5o T s e
1 e e vaars I I WD (e -
1 sacp et | e D (| o coteg vt cxon i B
1 bt carars | e | [r=n)
<eq (Hemin | I D (i o e e B
ot [ [ e ]
gy (Lot T I I - |
T B (s v e B e e )
4668 ":.-."-Ix [
varant
6582276 T SNP WP A pat

ENSEMBL — mouse genetic variation

Primer — iskanje miSjega modela za mutacijo v genu Tlr4

I3¢ite Mouse genome™ za gen Tlr4
Kliknite Genetic variation / Variant Table/ Consequences/ Stop gained

Nadaljnji prikaz posledic te mutacije

Genes and regulation @

Gene and Transcript consequences

Gene Transcript (strand) Allele  Consequence  Position in Position in Position in AR Codons  Detai
P N , transcript cDS protein ]
allele
1
900 EMSMUSTOODO0M07IES T | stop gained 54T jout of 155 328 fout of 365) 110 (ot ol 154) ar  CAATAA  Sh
Zi+) m I il [ I
blatype: protinn_coding

No overlap with Ensembl Regulatory features

No overlap with Ensembl Motif features

Ensembl resease 95 . January 2019 © EMBL-EE
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ENSEMBL — mouse genetic variation
Primer — iskanje mi§jega modela za mutacijo v genu TIr4

I8¢ite Mouse genome* za gen Tlr4

Kliknite Genetic variation / Variant Table/ Consequences/ Stop gained/Population genef

Katere misje linije imajo to STOP kodon mutacijo?

rs48664781 snr

Most severe consequence 1 step gained

Alleles CIT | Highest poputation MAF: 0.17
Location 466924436 (ToTwara strand
Evidence status @ &

HGVS names This vanant has 3 H

Explore this variant @

0 a
= | (1Can" (10| (o] D
T . A TCATGCT o §)
Genomic Genes and Flanking Population
contaxt regulation sequence ganatics
_a - .
Elrrre L g =y ;& 3
Te Eie — - vy
Sample ! Phylogenstic = 30 Protein
genotypes contaxt madel

ENSEMBL — mouse genetic variation
Primer — iskanje miSjega modela za mutacijo v genu Tlr4

I3¢ite Mouse genome* za gen Tlr4

Kliknite Genetic variation / Variant Table/ Consequences/ Stop gained/
/Population genetics/Show genotypes

Katere misje linije imajo to STOP kodon mutacijo?

Sow EXR oies [Soouiae comes ]
Sample , Genotype Population(s)
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Iskanje SNP za laboratorijske miSi

http://www.informatics.jax.org/strains  SNPs.shtml

n Hand Held Trassponde: % I MGI-Mouse Strama, SNi %
e s 0pla ormatics jacong/<t w x| @
B ) WebsfSciance S Seibubramoving b B Imgsctfiese CORSS () MOrusy Wastharsite I Dvobrics-UNOS G5 Cantrabes podasions 5 Agiiescin w T

H Apmacie FSIC

_— P4 Keywmords, Symbols, or 10w Quick Search L~ . -
M ALTaNCE | -
1 Abgut AT i i T -

Helg FaQ
Saarch w Dawnload v More Rosourcosw  Submit Data  Find Mica (TMSR) ¢ Analysis Tools  Contact Us  Rrowsars

Strains, SNPs & Polymorphisms

iling SNDs, palymarmhisms, and g

eagrates comparahive data on inhrad

Access Data FAQs

Search for mouse SNDS freen dBSND by strain(s), genomic positicn, or associated genes, How do 1.

find all known coding SHPs In a genomic location for one or more strains®
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Iskanje SNP za laboratorijske miSi

Hand Held Trangpender X /' W] Search Mowse SNPe freo X
€« C O | @ Nivamo | www.informatics jaxorg @ ®
H Agikscje FOSIOVARIIFransi I3 WebofScence 95 Sei-Hubcremovingb B Impactfacter COBISS () NOoway Westher sne Tf Drobeica-WNOS B Centraing padatienr 33 Aplieacije »
Search  Ponastavi Search for SNPs by Assoclated Gene(s) - from dbSNP Build 142
Associated Genes o ear Specified GeNs
v

Search | Current symbols

Pax™ DnahS. DnahS,Dnah 7™

Exarmples: Fpf1

For the gene(s) specified abowve return all SNPs:
within the gene(s)

® include 2 kb upstream and downstream of the gene(s)
nclude 10 kb upstream and downstream of the gene(s)

be returned.

All SNP function classes v

You can filter SNPs by function class in the search results.
Strains and | Find SNPs Invalving these Strains
Strain Comparisens
Select All| Clear All
BLG2/Ms FVB
BTBR T Itpratn FUB/N]
BUB HMI/Ms
129/5v BUE/ER] 1fLn)
129X1/Sv C3H/He IF1/Ms
129X1/5v] C3H/Hel KIR/Ms
A C57BL/10) KKSHID
AfHe 3 LG/
AfHe) (175
Al MAL/Pas
AKR MA/My)
AKRS] Cs7L) MOLF
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Iskanje SNP za laboratorijske misi

ExXpart: | © SNPs ta Text File,
= 3 : : rs33353969 sweoe
ID rs33353969 dbSNP
SNP I p Position oo & Caragory Vasiation fBele - 2
(dbSHP Build 142) [Gm:m!s'} Type {all sirains) & Variation Type SKF
& Allgles T
& Croated in GbSNF Build 125
33353969 CededZ Intron Last Updated In dBSNP Bullg 137
13333538 £avaga |F P >
S = v Additional Resources MPD | Mouse Gene Brow
tt— GmIEHYE within coordinatas of :qserlnm SN;V,:GTE‘CSE Browser |
Cededd Intron NGBI Mapyiewer
rs33353972
"t S31 O CheX 7834426 Faxpd mANA-UTR 8NP CiG
MED | SLEKE | MGLSH Dol GMAGISS within coardinatns of
| Location Chri:7593412 (GRCM3E)
533354915 Esdcdd intron ntation
e | s | gt SHE patgg | 1K 7595084 miRNAUTR sNP (o SN Qri 16 the Ganame forward
o . Cmi3e5E: within coordinates of SNP Refarence Flanking Sequence
CodeRZ Intran CCTTACAGET GAGAG
ra33354518 CheX-T585261 | Faxp] Locus-Reglon d N . "
P | MO SHE D glon downsiream | SHP | AIG A CCAATECCAG CCTAGECCET AGTTCCAALC TAGCCCCAMG ATGAACTITC CAGTC
MPD | SEHE | MG SHE Detad L LCAS Al
Gm3EH55 within coordinates of | | GOCCTCACAA CCAGCTATAC ATATCTGOCT TGGCCACTSC CANGCAGAANL GATGACH
- Goded2 Intron ACCATECTAR TATTTACTEA ACCCAMCES TAMACATGA AGGCCTOEC TTGATACATT
533354 - “ !
._ Chex 7596108 | Fanpd 853 bp downstream NP |AG A ¥
MED | GREHP | MGI SHE Dulail \;,rjc,gggwn..in conrdinates of I CTTTC RAAGTTAGTC ATGCAGTCAC ACATGACTGC AGTCCTACTG ACTCACACCC
CARAGLACTE ACCCACAACA TCTGGAACCA COGRCACTAT CACACATAGE TGTATATACA
Codedd Coding-NonSynanymeus At A £ SCARE AL . A ATEE AR ACCACH
533355834 i) o GACCETTACA CABCARCARC ACTGGAMCCT TCACAATTAC ATECCCCCAA ACCACACARS
P | st | gt SHE Da | 7T 00 28 | EE “m:mﬁ:ﬂ’l I S = L CATAACTGAT CATACGCAGC
R Z Intran ¥ - T
33352835 CheX - TESTIT1 m) 1928 bp downstraam SHE o T
MED | SEEIP | MG 5P Datad = o
uFe GmIEISS within coordinates of Noke: Sequince in lower case indicates low-complexily o repetitive sequence
BLAST SNP flanking sequence against the mouse Gename
send flank to NCBI BLAST * | Go|
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