Nahled do genového inzenyrstvi

soubor postupu a metod, jimiz se cilené
ovliviuje geneticka vybava bunék



Trocha historie nikoho nezabije...

1869 - Miescher z lidskych bilych krvinek poprvé izoloval DNA.

1944 - Avery ukazal, ze geneticka informace je uchovavana pravdépodobné molekulou DNA a

nikoli proteiny, jak se do té doby véfilo.

1953 - Watson a Crick na zakladé dat Franklinové, Wilkinse a Paulinga poprvé postulovali

model sekundarni struktury molekuly DNA - mod\gkdvouéroubovice DNA.

Snimek 51

nejdalezitéjsi snimek vsech dob...

sz April 25, 1953 NATURE

MOLECULAR STRUCTURE OF
NUCLEIC ACIDS
A str for Deoxyribose Nucleic Aci

Image Credit : www.chem.ucsb.edu/




1962 - Arber pfinesl prvni dlkazy o existenci DNA restrikénich endonukleas (Stépi v presné
definovanych mistech molekulu DNA na fragmenty)

Restrikéni endonukleasy

 Endonucleasy - stépi fosfodiesterovou vazbu v polynukleotidovém retézci
» Velmi specifické — palindromni sekvence
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Palindrom - je slovo, véta, Cislo nebo melodie (obecné jakdkoliv sekvence
symboll, napr. sekvence DNA), kterd ma tu vlastnost, Ze ji lze Cist v libovolném
sméru (zprava doleva nebo zleva doprava) a ma vzdy stejny vyznam.

Jelenovi pivo nelej

Palindrom je v genetice sekvence nukleové kyseliny (DNA nebo RNA, ktera je stejna,
pokud se ¢te od 5' konce k 3' konci jednoho vldkna a od 5' konce k 3' konci na
komplementarnim vlakné
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GAATTC DNA
Duplex
CTTAAG
] E__ - b= B & a8 & A S8l Sa Y —

https://www.youtube.com/watch?v=5hgbcdQPISI



Geneticky kod ‘

* slozen z triplet(
* degenerovany
* témeér univerzalni

Otevreny Cteci ramec

TTGACCTGTACAAT ‘\C;anr

ro A
l Nl
K
N

TTGACCTGTACAAT
L T C T
I'GARCCTGTACAAT

stop P v Q
CACCTGTACAAT
D L l Y N

3 ridzneé
3 riizné ¢teci ramce —>» polypeptidové
Fetézce

http://web2.mendelu.cz/af 291 projekty2/vseo/print.php?page=1483&typ=html



CODON USAGE IN E. COLI GENES!

Codon | Amino 3 Ratiod | Codon | Amine ® Ratio | Codon | Amino s Ratio Codon Amino B Ratio
_— acid® acid acid arid —
Uluvuwu|pred) | 159 | 051 |ucu| sa@ | 11 |019 |vau| Tmam | 16 | 053 |ucu |cysi| 04 o043 |U

uwc | Phe® | 18 | 049 |uce | sa@ | 10 (017 |uac| Tmm | 14 | 047 |Uuce | ey |06 057 |C

UUA | Leuqy | 10 | 011 |UcA | seg | 07 |012 |uaa| sror | 02 | 062 |uGa | sror |01 [030 |A

UuG | Leugy | 11 | 011 |uce | sa@ | 08 [015 |uac | sror | 003 009 |uce | Tipewy| 14 | 100 |G
Clcuu|Lenmy | 10 | 010 |ccu| Pro@ | 07 | 016 |cAu| Hismm | 12 | 052 |cou | agm |24 |04 |U

cuc | Lenm |09 | 010 |coe | Pro@ | 04 (010 |cac| Hisgn | 11 | 048 |coe | Agm |22 [037 |C

CUA | Leum | 03 | 005 |cca| Prom | 08 020 |caa|cm@y| 13 | 031 |cea | argm |03 [00s |A

cuG | Lengy | 52 | 055 |coe | Pro@ | 24 [055 |cac | i) | 29 | 069 |coe | Argmy |05 |o0e |G
Alaw| nem |27 | 047 |acu | Tem | 12 |021 | AAU| Asugy | 16 [ 039 |AGU | s |07 |03 |U

AuC| 1em |27 | 046 |Ace | Tam | 24 043 | AAC| Aspn | 26 | 061 |Ace | sag | 15 [027 |C

AUA| Ile@ |04 | 007 |ACA | Tam | 0.1 0,30’\,4@ Lys) | 38 | 076 |AGA | Argmy [ 02 |004 |A

AUG |Metem | 26 | 100 |AcG | Tem | 15 025 | A |Lys@y | 12 | 024 |AGG | Ay | 02 [003 |G
Gleuu| vaim | 20 | 029 |cecu | An | 18°40.19 |GAU| Aspm | 33 | 059 |ceu| Gly@ |28 |o03s | U

guc | vaiw | 14 | 020 |eee | Am@ | 23 |025 |cac| Apm | 235 | 041 |eee | clye |30 |04 |C

GUA| vaiw | 12 (017 |GCcA | Am@ | 21 |022 |caA| cum | 44 | 070 |Gea| Gy |07 |00 |A

GUG | vaiw | 24 | 034 |cece | An@y | 32 [034 |cac| Gl | 19 | 030 |eee | Gy |09 |013 |G

U C A G

1 The data shown in this table is from the Arabidopsis Reseaich Companion on the World Wide Web (//we eds/mgh harvard edu). Codon

freque ncie s for many other bacteria can be found at http//morgan.angis su.oz.awAngis/Tables himl.
2 The letter in parenthesis represents the one-letter code for the amino acid.

3 %, represents the average frequency this codon is used per 100 codons.
4 Ratio represents the abundance of that codon relative to all of the codons for that particular amino acid.

Modified from Maloy, S., V. Stewart, and R. Taylor. 1996. Genetic analysis of pathogenic bacteria. Cold Spring Harbor Laboratory Press, NY.



1962 - Arber pfinesl prvni dlkazy o existenci DNA restrikénich endonukleas (Stépi v presné

definovanych mistech molekulu DNA na fragmenty).
1966 - Nirenberg, Ochoa, Matthaei a Khorana rozlustili geneticky kod.
1967 - Gellert objevil DNA ligasu.

1972 - 1973 - V laboratofich Boyera, Cohena, Berga a jejich kolegli byla vyvinuta

technika klonovani DNA.

1975 - Southern vyvinul DNA hybridizacni metodiku.na bazi gelové elektroforézy pro identifikaci

molekul DNA o specifické sekvenci (Southern blot).



Organism A Organism B

McGraw-Hill Animations
43 100 odbérateld




Maxam-Gilbertova metoda - ,,chemické sekvenovani“

l 1. denturace

5" -ATTGACTTAGCC-3°
l 2. pridani radioaktivni znacky na 5'konec

32p-ATTGACTTAGCC _ . .
| 3. Ctyri reakce

G A, G T, C C
DMS, piperidin DMS, piperidin & hydrazin, piperidin hydrazin, piperidin
v HCOOH o v 1,5 M NaCl
32P-ATTGACTTAGCC 3?P-ATTGACTTAGCC 32P-ATTGACTTAGCC 32P-ATTGACTTAGCC
32P-ATTGACTTA 32P-ATTGACTTA 32P-ATTGACTTAGC 32P-ATTGACTTAGC
32pP-ATT 32P-ATTGACTT 32P-ATTGACTTAG 32P-ATTGACTTAG
32P-ATTG 32P-ATTGACT 32pP-ATTGA
2pP-ATT 32P-ATTGAC
32P-ATTGA
32p-AT

32p-A



32p-ATTGACTTAGCC
32P-ATTGACTTA
32p-ATT

32p-ATTGACTTAGCC
32P-ATTGACTTA
32P-ATTGACTT
32p-ATTG

32p-ATT

A G

l

l

32p-ATTGACTTAGCC
32P-ATTGACTTAGC

32pP-ATTGACTTAG
32p-ATTGACT
32p-ATTGAC
32p-ATTGA
32p-AT

32 P-A

32p-ATTGACTTAGCC
32P-ATTGACTTAGC
32P-ATTGACTTAG
32p-ATTGA

5. elektroforéza, detekce radioaktivity

T, C

6. precteni sekvence

?TTGACTTAGCC



DNA, kterou chceme sekvenovat

Sangerova metoda - ,,dideoxy sekvenovani“

primer

\_
== ACTGGTCTAG. . . A

dATP+dTTP+dCTP+dGTP

— TG

= ACTGGTCTAG.

DNA polymerasa
+ ANTP + ddGTP  =——)

w— ACT

== TGACCAG

GGTCTAG.

-—= TGACCAGATC.
== ACTGGTCTAG.

]

ddGTP
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]
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=]

Modified adenine
added to mixture
to stop the DNA
growing larger.
Maodified T, G, and
C are added to the
other three mixtures
to perform the
same function.

[e——— |
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ddATP emonn . X
¢ A
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ddCTP =
é
- Electrophoresis
4 -— gel
3 —
1 —
Togmens R ®

http://tle.westone.wa.gov.au/content/file/969144ed-0d3b-fa04-2e88-8b23de2a630c/1/human_bio_science_3b.zip/content/005_dna/page_15.htm



5 “ Labeled oligonucleotide primer
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PCR in presence of fluorescent, chain-terminating nucleotides

RCCTCCIVICIUCIOM

J

4 4 R R

oo = i [

Ll LB, LLLLLE FIAE,
AREREE ARRAQAERQE ARQRCAE

ARERERER W, ARAREACAE

\ R [’ - A

:

electrop
YyvYyy
2

horesis
4

ARR NN e

Laser beam Photomultiplier
) _
all e ||

L

Fluorescent fragments detected by laser and represented on a chromatogram

http://www.vce.bioninja.com.au/aos-3-heredity/molecular-biology-technique/sequencing.html



* kapilarni elektroforesa

TTCATCAGTTTCC|/ACTGCCAAGGTCA AAGGCAACTGCTA|AGTTAATCTTTGA
20 | 700 710 | 1000 1010 | 1100 1110

M‘ | M T M‘Jm M&




1962 - Arber pfinesl prvni dlkazy o existenci DNA restrikénich endonukleas (Stépi v presné

definovanych mistech molekulu DNA na fragmenty).
1966 - Nirenberg, Ochoa a Khorana rozlustili geneticky kod.
1967 - Gellert objevil DNA ligasu.

1972 - 1973 - V laboratofich Boyera, Cohena, Berga a jejich kolegl byla vyvinuta

technika klonovani DNA.

1975 - Southern vyvinul DNA hybridizacni metodikL@qa bazi gelové elektroforézy pro identifikaci
&>
molekul DNA o specifické sekvenci (Southerng@ﬂ

1975 - 1977 - Sanger s Barrellem a Maxaﬁ\ s Gilbertem vyvinuli techniky sekvenovani DNA

1978 — 1980 — prvni rekombinantni protein



HUNAN
GREAT AFES
ElACAQUE (CYMOMOLGUS)
AABBIT
CANINE
EQUINE
FORCINE
HAMETER
RAT Il
BAOUSE I
FELINE

RATI
BAOUSE |
BOVIME
OVINE

CPHPCY

2

FYNOQHLCGSHLVEALY IMCGERGFFYTR KT
FYNQHLCGSHLVEALY IVCGERGFFYTR KT
FYNOQHLCGSHLVEALY IVCGERGFFYTR KT
FYHOQHLCGSHLVEALY IWMCGERGFFYTRES
FYNOHLCGSHLVEALY IWVCGERGFFYTR KA
FYNOQHLCGSHLVEALY IMCGERGFFYTR KA
FYNOQHLCGSHLVEALY IWVCGERGFFYTR KA
FYNOQHLCGSHLVEALYINMCGERGFFYTR K 5
FYKOQHLCGSHLVEALY IMCGERGFEYTRM 5
FYKQHLCGSHLVEALY IMCGERGFFYTRM 5
FYNQHLCGSHLVEALY IMCGERGEFYTE KA
FYKOQHLCGPHLVEALY LMCGERGFEYTFK 5
FYKQHLCGPHLVEALYLMCGERGFFYTF K &
FYHOQHLCGSHLVEALY (VO GERGFFYTR KA
FYNOHLCGSHLVEALY IWVCGERGFFYTR KA

Insulin B-chain

Inzulin

AR
AR
AR
AR
AR
Xx
AR
AR
AR
AR
AR
RE
AR
R
AR

Q&ég?EGPGvGALEL.ﬂ.G GPG- -

EAECLOVGOVELGG GPGAGSLOQPLALEGSLY
EAECLOVOGOVELGG GPOAGSLOQFLALEGSLE
EAEDPOVGOVELGGGPGAGSLOQPLALEGSLE
EVEELQVGOAELGGGPGAGGLOGPSALELALG
EVEDLOVRDVELAGAPGEGGLOPLALEGALQ
EAECPOVGEVELGGGPGLGGLOPL ALAGPOG
EAENPOAGAVELGGGLGG- -LOALALEGPRFQ
GVECPOVAQ LELGGGPGADDLOTLALEVAGD
EVEDPOW AL L@EGGFGAGDLE‘?LALEUAH’D
EVEDFOVASLELGGGPGAGDLOTL ALEVAQQ
EAEDL DAELGEAPGAGGLOPSALEARLQ
EY POLELGGGPEAGDLOTLALEVARG

POVEQLELGG 5P - -GOLOQTLALEVARG
---AGGLEGPFFO

EVEGPOVGALELAGGPG- - ---AGGLEGPPQ

C-peptide

KA
KR
KR
KR
KR
xx
KR
KR
KR
KR
KR
KR
KR
KR
KR

Insulin

GIVEQCCT 5 | CSLYQLENYCHM
GQIVEQCCT 5 | CSLYQLENYCHM
GIVEQCCT 5 | CELYQLENYCHM
GIVEQCCT S | CSLYQLENYCHM
GIVEQCCT 5 | CSLYQLENYCHM
GIVEQCCTG | CSLYQLENYCHN
GIVEQUCCTS | CSLYQLENYCHM
GIVDQCCTS | CSLYQLENYCH
GIVDQCCTS | CSLYQLENYCHM
GQIVDQCCTS | CSLYQLENYCHM
GIVEQCCASVCSLYQLEHYCN
QIVDQCCT S | CSLYQLENYCHM
GIVDQCCT S | CELYQLENYCHM
GIVEQCCASVCSIYOLENYCHN
GIVEQUCAGVCSLYQLENYCN

Insulin A-chain



% vyroba od roku 1923
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DRUHY INZULINU Nastup
ucinku

Velmi kratce pusobici 5-20 minut

Kratce plsobici 30 minut
Mixované humanni 30 minut
Mixované analoga 10-20 minut

Maximalni
efekt

1-3 hodiny

1-3 hodiny

2-8 hodin

1-4 hodiny

Stredné a dlouhodobé 1-1,5hodiny 4-12

plsobici

Dlouze az ultradlouze 1 hodinu
pusobici

hodin

Udrzovani
bazalni hladiny

Trvani ucinku

3-5 hodin

8 hodin

24 hodin
24 hodin

24 hodin

24-48 hodin

Prodejni
nazev

NovoRapid, Humalog, Apidra

Actrapid, Humulin R, Insuman
Rapid

Mixtard 30 Humulin M3,
Insuman Combi,
Novomix 30, Humalog 30

Insulatard, Humulin N, Insuman
Basal

Levemir, Lantus, Tresiba
(ve schvalovacim fizeni)



1962 - Arber prinesl prvni dlikazy o existenci DNA restrikénich endonukleas (Stépi v presné

definovanych mistech molekulu DNA na fragmenty).
1966 - Nirenberg, Ochoa a Khorana rozlustili geneticky kad.
1967 - Gellert objevil DNA ligasu.

1972 - 1973 - V laboratofich Boyera, Cohena, Berga a jejich kolegl byla vyvinuta

technika klonovani DNA.

1975 - Southern vyvinul DNA hybridizacni metodikL@qa bazi gelové elektroforézy pro identifikaci
é»
molekul DNA o specifické sekvenci (Southern g@t

1975 - 1977 - Sanger s Barrellem a Maxaﬁl s Gilbertem vyvinuli techniky sekvenovani DNA
1978 — 1980 — prvni rekombinantni protein

1981 - 1982 - Palmiter a Brinster prived| na svét

prvni transgenni mys a Sprandling s Rubinem prvni transgenni octomilku.

1985 - Mullis spolu s kolegy vynalezl PCR




1990 - Lipmann spolu s kolegy vytvoril aplikaci BLAST, algoritmus pouZzivany pro vypocitani podobnosti
sekvenci a nasledné dohledavani gend, sekvenci DNA a protein( na zakladé vzdjemné homologie.

1990 - odstartovan Human Genome Project (HUGO).

1995 - Venter a jeho tym - prvni kompletni genom - bakterie Haemophilus influenzae (1,8 Mbp)

1998 - byla zalozena soukroma spolecnost Celera Genomics, Inc. (J. Craig Venter) - rival verejného
HUGO projektu

2001 - publikovano 90 % genomu

ﬂ

NATURE | VOL 409 | 15 FEBRUARY 2001 | www.nature.com 16 FEBRUARY 2001 VOL 291 SCIENCE

articles
—

Initial sequencing and analysis of the
human genome

Intemational Human Genome Sequencing Consortium

The Sequence of the Human Genome

uthors appears on the oppuite page. Afflations ar st at the e of the paper

The huma mtion physiology, medicine and evolution.
Hare we repirt e resuls o an armiona to produce and make froely available a draft sequence of the human
gortie, Wo s prosunt n Eal aniytis e « Gake eecaoing sote f 1 B that oy b e o he eden,

TEIES . - /<
HUMAN f_
GENOME &

‘Dowrtcased fom an Mareh 14,2018

7 _©

2007 - James Watson, Craig Venter - zverejnéni svého genomu - sekvenace trvala nékolik mésicu

soucasnost - analyza genomu 50 hodin



RESEARCH ARTICLE

Creation of a Bacterial Cell Controlled by a
Chemically Synthesized Genome
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Mycoplasma mycoides = Mycoplasma capricolum

l

Synthia
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Design and synthesis of a minimal bacterial
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zastavili se na: 531 kbp ~ 473 gen(ll (149 s nezndmou funkci)

Science 25 Mar 2016:
Waol. 351, Issue 6280,
DOl: 101126 ~cience.aad6253




Next-generation DNA sequencing (NGC)
Pyrosekvenovani -, pyrosequencing”
* Sekvenovani v prubéhu syntézy komplementarniho vldkna

* Postupné se pridavani nukleotid trifosfaty a sleduje se, ktery
nukleotid se navaze.

Template Ty
Mow Sequence Y &) . ATP
.:. I v N\~ :. I | :.
1. Polymerase 2. Sulfurylase 3. Luciferase | Light Peak

L |
Apyrase

Enzyme e

Label

NH,

dNTP + DNA, = PP, + DNA

n+1 o o P Sy
PP. + adenosin-5"-fosfosulfat = ATP + SO,* 0'—#—0—0—:'%—0—[/05\'1‘ L
ATP + D-luciferin + O, = oxyluciferin + AMP + PP, + CO, + hv (562 nm)  °~ ° \

NTP = NDP + P,= NMP + 2P, & b

Adenosine 5-phesphosulfate



Next-generation DNA sequencing

Sekvenace syntézou - lllumina Sequencing

https://www.youtube.com/watch?v=fCd6B5HRaZ8



Prokaryota:
* Malé, kompaktni genomy,
témer samé geny
* VyjimecCné introny
(Salmonella typhimurium)
* Translace pfimo navazuje na
transkripci
* 1 replika¢ni pocatek/genom
 Haploidni genom
(a) E. coli (bacterium)
E e ey ot oy

Srovnani genomu prokaryot/eukaryot
Eukaryota:

(b) S. cerevisiae (yeast)

GLK1 SR09 HIS4 FUST AGP1 KCC4 t

(c) Homo sapiens (human)

(d) Zea mays (maize)
adhl-F

t BUD3 GBP2

u F 1L T -v=-|= miiv_'rv 1 -
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Vétsi genomy, nizsi hustota genu
(klastry genll a genové pousté)

Velké procento genu tvori
introny (kombinace exonu,
rekombinace, sniZeni rizika
mutaci)

Vice replikacnich
pocatkd/genom

Diploidni/polyploidni genom



Velikost genomu

Velikost

Organismus (bp)

bakteriofag MS2 3569
bakteriofag ©X-174 5386
bakterie Haemophilus inlueniv‘qg 1,83 .10°
kvasinka Saccharomyces cefé\visiae 12,1 .10
hlistice Caenorhabditis elegans 98 .10°
rostlina Arabidopsis thaliana 157 .10°
clovek Homo sapiens sapiens 3200 .10°

Polychaos dubium sladkovodni
ménavka

670 000.10°




Lidsky genom — cca 20-25 tisic genl (1,5% genomu kdduje proteiny)

unclassified; 4061; 23,6%

isomerases; 94; 0,5%

receptors; 1076; 6,3%

storage proteins; 15; 0,1%

structural proteins; 280; 1,6%

surfactants; 15; 0,1%

cell junction proteins; 67; 0,4%

chaperones; 130; 0,8%

transcription factors; 2067; 12,0%

phosphatases; 230; 1,3%
membrane traffic proteins; 321; 1,9%\\

transfer/carrier proteins; 248; 1,4%\‘

hydrolases; 454; 2,6%

defense/immunity proteins; 107; 0,6%

calcium-binding proteins; 63; 0,4%

viral proteins; 7; 0,0%

extracellular matrix proteins; 72; 0,4%
proteases; 476; 2,8%
| /—cytoskeletal proteins; 441; 2,6%

transmembrane receptor regulatory/
/adaptor proteins; 84; 0,5%

transferases; 1512; 8,8%
oxidoreductases; 550; 3,2%
lyases; 104; 0,6%

cell adhesion molecules; 93; 0,5%
ligases; 260; 1,5%

nucleic acid binding; 1466; 8,5%
signaling molecules; 961; 5,6%

Y . C & 40
//. /—transporters, 1098; 6,4%

enzyme modulators; 857; 5,0%

https://en.wikipedia.org/wiki/Human_genome



DNA nekodujici proteiny

tRNA a rRNA
regulacni elementy v DNA (promotory, trans-elementy)

repetetivni DNA (napr. mikrosatelity tvorici centromery), transpozony a
virové elementy

pseudogeny - nefunkcni geny, poskozené
telomery chranici konce chromozomi
regulacni RNA (miRNA - RNA interferenci)

o reguluje az 30 % vsech genl



RNA interference
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RISC = RNA-induced silencing complex upraveno z Wikipedie




https://www.youtube.com/watch?v=cK-OGB1_ELE
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Co nam prinasi znalost lidského genomu?

L poznani sama sebe

U

evoluce: od Simpanze se liSime jen 1,5 % - 4 %,
rozdily mezi rasami nejsou statisticky vyznamné (ale pesto jsou)

genetické poradenstvi (identifikace vadnych recesivnich gent)

2% lidskych onemocnéni je zplisobeno mutacemi primo (tzv. siln¢ geny),
dalsi (alergie, srdecni onemocnéni, vétSina nadortl) - kombinace slabych
genu a vn¢jsich vlivu |

cilena terapie (odhad citlivosti-vii¢i uritému typu chemoterapie)

identifikace jedince (kriminalistika, paternitni spory, vybér vhodnych darct

organil)



Etické problémy:

Kypersti Rekové: k zadosti o siiatek predlozit potvrzeni o testu na p-
talasemii

arabsti beduini - pfitomnost recesivniho genu pro leucinosu — zeny se
nevdaji

UNESCO: Vseobecnou deklaraci o lidském genomu a lidskych pravech
(1997)
* nikdo nesmi byt diskriminovan kvili svému genotypu
* nikdo nesmi byt proti své vuli testovan
e prava jednotlivce jsou prvotni
* bez jeho souhlasu pribuzni ani spolecnost nemaji pravo znat
vysledky genetickych testd, ani je po ném nemohou vyZadovat



kazdd mitochondrie nékolik kopii mtDNA (az tisice)

lidskd mtDNA 16 569 bp

Mitochondrialni DNA
mMtDNA ,“

37 genll
* 13 protein(
* rRNA, tRNA

4 jiné kodony

casti ATP syntazy

mezimembranovy prostor

granula

vnitmi membrana
vnejsi membrana

Kontrolni region
»d-loop*

125 rRNA Cytochrom b

\(\04 Podjednotky
365 rRNA NADH
5 dehydrogenazy

[0 22 gen( kodujicich tRNA

BN | 13region
koédujicich bilkoviny

lidskd mtDNA

Podjednotky
NADH

Podjednotky
NADH
dehydrogenazy

Podjednotky
cytochromoxidazy

Podjednotky

Podjednotky ATP syntazy

cytochromoxidazy



vajicko darkyné
se zdravymi i

mitochondriemi
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o | o B s malym objemem cytoplazmy, v niZ zistava malé mnoZstvi
mitochondrii

Jaroslav Petr: Déti tfi rodict — Vesmir 94, 204, 2015/4



Healthy mice with two mothers have been
born for the first time in a study that pushes
the boundaries of reproductive science.

Mice with two fathers were also born, but only
survived a couple of days, the Chinese team
behind the work reported. There is no
imminent prospect of the techniques being
used clinically in people, but the findings
demonstrate that the biological barriers to
same-sex reproduction can, technically, be

overcome. A :
| druhad je utlumena.
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Genomic imprinting results in the molecular and functional inequality of maternal and paternal alleles, pre-
cluding mammalian unisexual development. In this issue of Cell Stem Cell, Li et al. (2018) employ sophisti-
cated manipulations of gametes and engineered haploid embryonic stem cells to successfully generate
both all-maternal and all-paternal mice, effectively overcoming the roadblocks of imprinting.

,Genomicky imprinting“

pouze maternalni nebo paternalni alela
q® daného genu je exprimovana, kdezto

Cell Stem Cell 23, November 1, 2018



