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Genetické modifikace — cilené zasahy do Gl

* nahodilé zasahy pusobenim mutagenl nebo ionizujiciho zareni (tvorba odrtd
psenice, repky...) nejsou povazovany za genetickou modifikaci
Genetické modifikace:
e Zména aktivity gent
e Zména ,mista pusobeni”
e Zamena genu za jinou variantu
* Vyblokovani genu
* VVnaseni cizich genu - transgenoze
* rostliny, do nichz byl za pomoci bakterie Agrobacterium tumefaciens vnesen gen pro
odolnost k herbicidiim nebo gen pro produkci insekticidl - napfr. Bt-kukufrice.

* X %

* regulace vyplyvajici ze zakona o nakladani s GMO (zakon ¢. 78/20%%:5.b..) Sl

* *
* 4 *

“ISAGREEDY
e oS0 Co-funded by
o ®¢ =0 the European Union



AGREED

Genetické modifikace

* Synonymum pro techniky rekombinantni DNA (vliv legislativy EU)

e prfimé a cilené zasahy do dédicného materialu organismu (DNA)
e transgenoze -> rekombinaci DNA mezi druhy
* Vnaseni jednotlivych genli do genomu metodami genetického inzenyrstvi

* Geneticky modifikovany organismus (GM organismus, GMO) je organismus
(kromé ¢lovéka), jehoz geneticky material byl Umysiné zménén, a to zpusobem,
kterého se nedosahne prirozenou rekombinaci.

* Geneticky modifikovany organizmus (GMO)
e Transgenni mikroorganizmus (GMM)

* Transgenni rostliny (GMR)
* Transgenni zivoCichové

e oS0 o Co-funded by
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Problémy GM

* Nizka ucinnost vkladani inzertu.
e Zaclenéni inzertu a jeho kopii probiha dosud nahodné.

* Produkt se muze tvorit v nizké nebo vysoké koncentraci, protoze
dosud nezname a neumime ovladat regulaci strukturniho genu v
jeho expresi

 Zaclenéni cizi DNA je ¢asto nestabilni a ve sledu generaci se mlze
vytratit

* Genové manipulace jsou stale nakladné a cil je dosazen s velkou
nejistotou

* *
* 4 *
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Proces technologie rekombinantni DNA
(Genetické inzenyrstvi)
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Metody transfekce — biologické metody

* lipofekce (prostrednictvim micel z lipidu — enkapsuluji NA do
lipozomU -> do jadra bunky)

* transfekce pomoci vektoru (viry nebo plazmidy)

* retroviru (insert 8 — 10 kb, pouze délici se bunky),
* RNA se reverzné prepiSe do DNA -> do hostitelské buriky (zarodecné buriky!) -> potomci jsou chiméry
* Jednoducha technika, infekéni retroviry neinfektuji lidské bunky
 Limitujici je velikost inzertu, virova sekvence muze interferovat s expresi transgenu, nizka integrace

* adenoviru (dsDNA viry, napadaji vSechny typy bunék, exprese je silna ale doCasna, vyvolava
silnou imunitni odpovéd),

* lentiviru (infikuji a integruji sviij genom do nedélicich se bunék — neurony, makrofagy, svalové
bunky, jaterni bunky; integruji se nahodné; delece v LTR (long terminal repeat) -> neni schopen
produkovat infekéni ¢astice, ale je schopen integrace: napf. kocCici lentivirus nepusobi na

Clovéka, FIV — feline imunodeficiency virus) HO
U °
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Fyzikalni metody

Mikroinjekce (vneseni DNA do oplozeného vajicka nebo do embryonalnich
kmenovych bunék)

* Jednoducha, nenarocna technika, cizi geny se exprimuiji ucinné
* Nelze vyuzit v pozdéjSim vyvojovém stadiu, nizka uspésnost, nahodné zaclenovani

Prenos genu pomoci embryonadlnich kmenovych bunék (Embryonic stem (ES)
cells mediated gene transfer) (pluripotentni bunky blastocysty s in vitro
vlozenou DNA -> do ciziho embrya -> do délohy ndhradni matky (Capecchi,

1994) -> narozena chiméra.

 Homologicka rekombinace DNA s preciznim zacilenim v embr. kmenovych bunkach — mutace nebo
cizi geny, kdy nova sekvence nahradi specificky zacileny gen -> inaktivace genli — metoda , knock-out”

(biengk%un (biolisticka transfekce — Castice obalené DNA jsou ,nastrelovany do
uneé

Elektroporace (el. impulzy -> péry v bunécné membrané
Heat shock

Magnet Assisted Transfection (MATra) — DNA je uchycena na magnetické
nanocastice a do bunky se dostavaji v silném magnetickém poli gjé@ .

&
IS.AG RFE[QO
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Pr. techniky mikroinjekce -> transgenni mléko
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Fig. 18.2. Various approaches of producing transgenic animals using microinjection.
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CRISPR- editované vyrazeni genu u
hospodarskych zvirat: aplikace v zemeédélstvi

Species Gene Purpose of manipulation Approach  Mosaicism (%) References
Sheep  ASIP Coat color pattern M 2/5(40.0%) Zhang X. et al. (2017)
FGF5 Wool growth Mi (6.3-100%) Huetal. (2017), Li W. R. et al. (2017), Zhang R.
et al. (2020)
MSTN, ASIP, and Economically important traits MI 2/2 (100%)  Wang X. et al. (2016b)
BCO2
MSTN Meat production Ml or SCNT (0-100%) Deng et al. (2014); Crispo et al. (2015), Zhang Y.
et al. (2019); Yi et al. (2020)
Goat BLG Milk quality MmI 3/4 (75.0%) Zhou et al. (2017)
MSTN and FGF5 Meat and cashmere production Mi 5/10 (60.0%) Wang X. et al. (2015a)
MSTN Meat production Ml or SCNT (0-100%) Ni et al. (2014); Guo et al. (2016), He et al. (2018);
Zhang Y. et al. (2019)
NANOS2 Surrogate sires for genetic dissemination SCNT N/A Ciccarelli et al. (2020)
EDAR Cashmere yield SCNT N/A Hao et al. (2018)
Pig IGF2 regulatory Meat production MI (nCas9) 6/6 (100%)  Xiang et al. (2018)
element
NANOS2 Surrogate sires for genetic dissemination Ml 6/18 (33.3%) Park et al. (2017)
ANPEP Viral resistance MI 1/9(11.1%)  Whitworth et al. (2019)
CD163 Resistance to PRRS virus MI, EP, or SCNT No Whitworth et al. (2014); Yang et al. (2018), Tanihara
et al. (2019)
IRX3 Reduced fat content in Bama minipigs SCNT N/A Zhu et al. (2020)
NANOS2 Surrogate sires for genetic dissemination SCNT N/A Ciccarelli et al. (2020)
MSTN Meat production SCNT N/A Wang K. et al. (2015), Wang K. et al. (2017), Li R.
et al. (2020)
CD163 and pAPN Viral resistance SCNT N/A Xu et al. (2020)
FBXO40 Meat production SCNT N/A Zou et al. (2018)
Cattle NANOS2 Surrogate sires for genetic dissemination M 1/3 (33.3%)  Ciccarelli et al. (2020) é_l%}
SCNT, somatic cell nuclear transfer; M, zygote microinjection; ER, zygote electroporation;, nCas9, Cas9 nickase; N/A, not applicable. N ° o ;
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Species Gene Purpose of manipulation Type of Kl Approach SCNT or MI Kl Animals Mosaicism References

produced (%)
Agriculture: improvements in
Sheep SOCS2  Reproductive traits Point mutation Crispr/Cas9 BE Ml 3/4 (25%) 3/3(100%) Zhou et al. (2019)
BMPR1B  Reproductive traits Point mutation Crispr/Cas9 M 5/21 (23.8%) Notstated Zhou et al. (2018)
Goat B4 CCR5-targeted K, cashmere yield Gene insertion Crispr/Cas9 SCNT 1 N/A LiX. et al. (2019)
FGF5 Cashmere yield Point mutation Crispr/Cas9 BE Ml 5/5 (100%) 5/5(100% LiG.etal. (2019)
GDF9 Reproductive traits Point mutation Crispr/Cas9 Mi 4/17 (28.5%) 2/4 (50.0%) Niu et al. (2018)
FAT-1 Disease resistance Gene insertion Crispr/Cas9 SCNT 1 from 8 N/A Zhang J. et al.
pregnancies (2018)
Cattle Pc Generation of a polled genotype Gene insertion Crispr/Cas12a SCNT 1, died on D1 N/A Schuster et al.
after birth (2020)
NRAMP1  Tuberculosis resistance Gene insertion Crispr/Cas9n SCNT 9 N/A Gao et al. (2017)
IARS Correction of IARS syndrome Gene insertion Crispr/Cas9 SCNT 5 viable fetuses N/A lkeda et al. (2017)
Pig PBD-2  Disease-resistant pigs Gene insertion Crispr/Cas9 SCNT 5 pigs N/A Huang et al. (2020)
MSTN  Meat production Gene insertion Crispr/Cas9 SCNT 2 pigs N/A Zou Y.-L. et al.
(2019)
UCP1 Reproduction traits Gene insertion Crispr/Cas9 SCNT 12 piglets N/A Zheng et al. (2017)
MSTN  Meat production Point mutation Crispr/Cas9 SCNT 1 stillborn piglet N/A Wang K. et al.
(2016)
MSTN  MSTN-KO without selectable Gene insertion Crispr/Cas9 SCNT 2 piglets No Bietal. (2016)
marker
RSAD2  Generation of pigs with viral Gene insertion Crispr/Cas9 SCNT 1 pig No Xie et al. (2020)
resistance
Biomedical applications:
Sheep ALPL Model of hypophosphatasia Point mutation Crispr/Cas9 Ml 6/9 (66.6%) No Williams et al.
(2018)
PPT1 Infantile neuronal ceroid Point mutation Crispr/Cas9 Ml 6/24 (25.0%) Not stated Eaton et al. (2019)
lipofuscinoses
tGFP Rosa26-targeted Kl Gene insertion Crispr/Cas9 Ml 1/8 (12.5%) Not stated  Wu et al. (2016)
OTOF Hearing loss phenotype Point mutation Crispr/Cas9 Ml 8/73 (11.0%) 2/8(25.0%) Menchaca et al.
(2020b)
Cattle CMAH  Xenotransplantation Point mutation Crispr/Cas12a SCNT 2 N/A Perota et al. (2019)
Pig hF9 Gene therapy for hemophilia B pigs Gene insertion Crispr/Cas9 SCNT 5 pigs N/A Chen et al. (2020)
BgEgXyAp Salivary gland as bioreactor Gene insertion Crispr/Cas9 SCNT 4 piglets (1/4 N/A Li G. et al. (2020)
alive)
hIAPP Type 2 diabetic miniature pig model Gene insertion Crispr/Cas9 SCNT 24 N/A Zou X. et al. (2019)
SNCA Parkinson’s disease model Gene insertion Crispr/Cas9 SCNT 8 piglets N/A Zhu et al. (2018)
HTT Huntingtin KI model Gene insertion Crispr/Cas9 SCNT 6 piglets N/A Yan et al. (2018) % °
GGTA1  Xenotransplantation Gene insertion Fokl-dCas9 SCNT 2 piglets N/A Nottle et al. (2017) ® ® ®
tdTomato  porcine Oct4 reporter system Gene insertion Crispr/Cas9 SCNT 2 piglets N/A Lai et al. (2016)
hALB Tg animals as bioreactors Gene insertion Crispr/Cas9 Ml 16/16 (100%) 1/16(6.3%) Peng et al. (2015) IS .AGREE'D_J;O
GFP  Hii-targeted KI Geneinsertion  Crispr/Cas9 SCNT 1 piglet N/A  Ruanetal (2015) ® o trE—0 Co-funded by

o—@ O the European Union

SCNT, somatic cell nuclear transfer; Ml, zygote microinjection; BE, base editing; N/A, not applicable.
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Etika transgenni technologie

* Je novy produkt akceptovatelny

e Zvirfata se mohou trapit v dusledku exprese transgenu indukujici
tumory nebo neurodegenerativi nemoci

* Postranni efekty v dusledku modifikujicich genu

* Lidé mohou mit benefity z transgennich zvirat — transgenni zvirata
sama je nemaji

* Cizi geny ovlivnuiji hostitele a je mnoho hrozeb pro ekologickou
rovnhovahu a diverzitu druht (Miao, 2013)

° ..'.—/03 Co-funded by
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Klonovani — generovani geneticky identickych
potomku

* Techniky klonovani u savcu:
* microsurgical embryo bisection (mikrochirurgicka disekce embrya),

* isolation and proliferation or aggregation of single blastomeres (izolace a
proliferace nebo agregace jednotlivych blastomer)

* nuclear transfer (jaderny prenos, prenos jadra)!!!

g%@o °
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Klonovani — metodou prenosu jader u ovecky Dolly

A donor cell is
taken from a
sheep's udder

( The two colls are
fused using an

oloctric shosk
?-- Fused Cell
Egg Cell / : \ ?
= The nucieus of —
the egg cell is
removed The tused cel
begins dividing
normally
/ '*\ Embryo
The embryo is
placed in the uterus
of a foster mother.
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Problémy spojené s klonovanim

* Malé procento zabrezavani

* Vyvojové vady — rané zmetani, narozeni mrtvych potomku, ¢asna umrti po narozeni, kratka

zivotnost, obezita, malformace riznych organu, Spatnd imunita — ,large offspring syndrom*“

* savci, intrauterni vyvoj

* Nepfrijeti chovateli — koné (nejsou zarazovani do plemennych knih,...)
* Legislativni problémy

* Etické problémy

e Potravinové produkty z klonovanych zvirat (,,klonované maso®) — podle FDA je bez rizika konzumovat

maso klonovanych zvirfat — ekonomicky vsak vysoce neefektivni (zatim)

* Evropskd ESFA také prohlasila bezpecnost produktt ZzivocisSného plvodu z klonU, problém je s

welfare prijemkyn a vlastnich klont

g%@o °
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References

Mammals
Mice (Mus musculus)
Rats (Rattus rattus)

Rabbits { Orvetolagus cuniculus )

Sheep (Ovis aries)

Pigs (Sus domestica)

Cattle (Bos tawrus)

Goats (Capra hircus)

Dogs (Canis familiaris)

Marmosets (Callithrix jacchus )

Rhesus monkeys (Macaca mulatta)
Birds

Chickens (Gallus gallus)

Japanese quail (Coturnix japonica)
Amphibians

Frogs (Xenopus laevis and Xenopus tropicalis)
Fish

Zebra fish (Danio rerio)

Goldfish ( Carassius auratus)

Nile tilapia (Oreochromis niloticus)

Carp (Cyprinus carpio)

Channel catfish (Ictalurus punctatus)

Atlantic salmon (Salmo salar)
Invertebrates

Arthropod fruit fly (Drosophila melanogaster)

Nematode ( Caenorhabditis elegans)

Mollusk Japanese abalone (Haliotis diversicolor suportexta)

Mollusk Eastern oyster (Crassosostrea virginica)

Mollusk dwarf surfelam (Mulinia lateralis)
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Dékuji za pozornost!

- Ale Knoll
DA knoll@mendelu.cz .
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