voluce 150 let po Darwinovi

Miroslav Obornik




Struktura seminare:

Molekularni zaklady déedi¢nosti
Zrod genetiky, Mendelovy zakony
Od Mendela k chromozomu
Struktura DNA a RNA
Sekvenovani DNA
Od DNAk proteinu
Negenticka dédiCnost

Zdroje variability DNA
Mutace
Genovy transfer
Metody genového inzenyrstvi

Evoluce
Pro a proti
Pfed Darwinem
Darwinismus
Neodarwinismus
Postneodarwinismus
EvoDevo

Endosymbio6za - hyperevoluce

Endosymbidza jako mikrodomestikace
Endosymbioticky genovy transfer
Jsme genetické chimeéry

Reduktivni evoluce



sugar phosphate
backbone
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RodiCe a jejich déti vykazuji obvykle jistou podobnost




Dédicnost je schopnost Zivych organismu predavat znaky
(vzhled, vlohy a schopnosti z rodicu na potomstvo
(z generace na generaci)

20.7.1822-6. 1. 1884

Gregor Johann Mendel

biolog, genetik, vCelar, matematik,
botanik, meteorolog, ucitel, mnich,
knéz, opat augustinianského
klastera, reditel Hypotécni banky

Vysledky svych pokusu prednesl 8.
unora a 8. brezna 1865 na setkanich
Brnénskeho prirodovedeckeho spolku
a nasledne publikoval v praci ,Pokusy
s rostlinnymi hybridy“ (1866)
(némecky Versuche Uber Pflanzen-
Hybriden). 464 stran

13 publikaci, z toho 9 o meteorologii
viceprezident Prirodovedeckeho
spolku v Brne

Verhandlungen

naturforschenden Vereines

in Brinn.
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Mendelovy zakony dedicnosti

1. Mendelliv zakon - zakon o uniformité F1 generace
Pfi vzajemném kfizeni 2 homozygotu vznikaji potomci genotypové i fenotypové jednotni.

Pokud jde o 2 rizné homozygoty jsou potomci vzdy heterozygotnimi hybridy.

. A -

a Aa Aa

a Aa Aa
o 50
| |
\ 4

F




Mendelovy zakony dedicnosti

2. Mendellv zakon — zakon o nahodné segregaci gent do gamet

Pfi kfizeni 2 heterozygotl muze byt potomkovi pfedana kazda ze dvou alel
(dominantni i recesivni) se stejnou pravdépodobnosti. Genotypovy stépny
pomér je 1:2:1, fenotypovy Stepny pomer je 3:1 pfi uplné dominanci nebo

1:2:1 pri kodominanci.
A d AA;-\ :a
A AA Aa aa

. )))

\—_—\/—/ \—-\/—/
3 1




Mendelovy zakony dedicnosti

3. Mendelliv zakon - zakon o nezavislé kombinovatelnosti alel
U 2 polyhybridd AaBb muze kazdy tvofit 4 rGzné gamety (AB, Ab, aB, ab).
PFi kfizeni vznika 16 riznych zygotickych kombinaci. Nékteré kombinace
v k .y kv k -k, o Vg h AaBb AaBb
se ovéem opakuji, takZze nakonec vznika pouze 9 riznyc F, O ) Q

genotypu (pomér 1:2:1:2:4:2:1:2:1). Nabizi se nam pouze o o

4 mozné fenotypové projevy (dominantni v obou

znacich, v 1. dominantni a v 2. recesivni, F, Ab

0
W
]

o

v 1. recesivni a v 2. dominantni, v obou recesivni). %

i) 3
i)
®

o)
w
_\
3 g 5 2
g 2 g

AABb

Fenotypovy stépny pomeér je 9:3:3:1. @

Ab

b
@
[o1]
>
@
o

AAbb

Plati pouze v pfipadé, ze sledované geny se nachazi

aB
AaBb

AaBb Aabb

9@ & 3@

na ruznych chromozomech.
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Augustin Sageret (27. 7.1763 — 23. 3. 1851) francouzsky botanik
pokusy s melounem, zavedl termin dominance

Carl Friedrich von Gartner (1. 5.1772 — 1. 9. 1850) némecky
botanik, objevil fenotypovou uniformitu kfizencti F1 generace

AN

E « 4 (20.7.1822-6.1.188)

August Weismann (17. 1. 1834 — 5. 11. 1914) za dédic¢nost
jsou zodpoveédné chromozémy

Hugo de Vries, Carl Correns, Erich von Tschermak
1900 — znovuobjeveni Mendela, jejich pokusy
odpovidaly tomu, co on publikoval v roce 1865

Correns von Tschermak



William Bateson (1861-1926)

Prelozil Mendelovy prace do anglictiny
Zaved| termin ,genetika“ pro vedni obor
zabyvajici se dédiCnosti

W Qoalisge,



Carl Correns — mimojaderna dedi¢nost

William Bateson, Edith Rebecca Saunders, Reginald Punnett — nejen
volna kombinovatelnost vloh (genu), ale i jejich vazba

Thomas Hunt Morgan (25. 9.1866 — 4. 12.1945) (Nobelova cena 1933 za
odhaleni funkce chromozomu) zavedl octomilku jako geneticky model




Morganovy zakony (chromozémova teorie dédiCnosti)
1. Geny jsou vzdy uloZzeny na chromozomu linearné za sebou.

2. Geny jednoho chromozomu tvori vazebnou skupinu. PoCet vazebnych
skupin organismu je shodny s po¢tem part homolognich chromosomu
prislusneho organismu.

3. Mezi geny homologického paru chromozomu muze prostfednictvim
crossing-overu probihat genova vymena. Frekvence crossing-overu je
umeérna vzdalenosti genu.
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DNA (deoxyribonucleic acid)

1869 Friedrich Miescher, Svycarsky |ékar, izoloval a purifikoval
DNA béhem pokusU s izolaci proteint z leukocytU

1944 Oswald Avery, Colin MacLeod, Maclyn McCarty DNA a nikoliv proteiny,
je odpoveédna za dédicnost




Courtesy of Cold Spring Harbor Laboratory Archives. Noncommerclal, educational use only.

Francis Crick and James Watson Maurice Wilkins

28. unora 1953, James D. Watson a Francis H.C. Crick oznamili, ze se jim podafilo
odhalit dvousroubovicovou strukturu DNA, molekuly, ktera obsahuje lidské geny

1962 Nobelova cena za fyziologii a medicinu, ,za jejich objevy tykajici se
molekularni struktury nukleovych kyselin a jeji vyznam pro prenos genetické
informace v zivém materialu“ (James Watson, Francis Crick a Maurice Wilkins)



obrazek 51
difrakéni pattern DNA

16 . 4. 1958, Chelsea, London, UK

Rosalind Elsie Franklin

25. 7. 1920, Notting Hill, London, UK

King's College London

Mezi lety 1951 a 1953 se Rosalind Franklin
velmi priblizila vyfeSeni struktury DNA. V
jednu chvili Wilkins ukazal Watsonovi jeden z
Franklinovych krystalografickych portrétd
DNA. Na zakladé obrazku (51) vyreSil Watson
strukturu a vysledky se témér okamzité
objevily v €lanku v Nature. Prace Franklinove
se objevila jako podpurny ¢lanek ve stejném
Cisle Casopisu.

https://www.nobelprize.org/nobel_prizes/medicine/laureates/1962/wilkins-facts.html



DNA

L II. 4 y . I P _#F_,l'_'-'.-_-; q .*-:
Courtesy of Cold Spring Harbor Archives. Noncommercial, educational use only.



DNA

nasledujici deoxyriboza
v polymeru DNA

nasledujici fosfat
v polymeru DNA

Nukleotid se sklada z deoxyribozy, fosfatu a
jedné ze Ctyr dusikatych bazi, v tomto pfipadé
adeninu (A). Kostra polymeru DNA je

sestavena s deoxyribozy a fosfatu spojenymi

pres 3. a 5. uhlik.

%-O R base

(here: guamne

O=P—0_5'

@)

5'=3'
direction

I
phosphate O=P—0Q
A



Adenin (A) guanin (G) jsou
odvozeny z purinu. K
heterocyklickym atomim
dusiku, ktere mohou
fungovat jako akceptory
vodiku ve vodikoveé vazbe,
obsahuji dalsi skupiny, které
mohou byt akceptory (jako
je kyslik O) nebo donory
(such as NH, NH, ) vodiku

ve vodikové vazbé.



e Tymin (T) a cytosin (C) jsou
5 NH dovozeny z pyrimidinu. K
4 / ‘ TJ\ heterocyklickym atomum dusiku,
0
\N3 H

které mohou fungovat jako

‘pwjzdin NH, akceptory vodiku ve vodikové
N \ S vazb&, obsahuiji dalsi skupiny,
N
[ C které mohou byt akceptory (jako je
N/L"U kyslik O) nebo donory (such as NH,
H

NH, ) vodiku ve vodikove vazbe.



DNA retézce jsou komplementarni

H
\ N ~— H i O

N <

O

k deoxyriboze k deoxyriboze

Adenin (A) a tymine (T) propojuji komplementarna fetézce DNA

prostfednictvim vodikovych dvou vodikovych mustku (vodikovych vazeb).



DNA retézce jsou komplementarni

H

O iy H=—N
N

( / G ”—HmnmmN/ C\
[

— H Hlii O \

N
k deoxyribbze I
H k deoxyribdoze

Guanin (G) a cytosin (C) spojuji komplementarni retézce DNA

prostfednictvim tfi vodikovych mustku.



Dvouretézcova struktura DNA- Kazdy fetézec je slozen z polymeroveé kostry
deoxyriboz a fosfatu. Dusikata baze jsou specificky parovany vodikovymi muastky s
prislusnou bazi druhého vliakna. Mezi adeninem (A) a tyminem (T) jsou vytvoreny

dvé vodikové mustky, zatimco mezi guaninem (G) a cytosinem (C) jsou tfi mustky.



Backbona

Dooxyribonucleie Acid

Ribonucleic Acid

@)
‘M_Hf‘a-ﬂ
T Guanine OH
g deoxyribose
CH,OH
0 OH
OH OH
..r‘thlwc, o
ribose

Raplaces Thyming in RNA

Hitregonaous
Basas

www.livescience.com



Alternativni konformace DNA




DNA pod elektronovym mikroskopem
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Histonovy komplex

Imm

Usek
2nm  dvousroubovice
DNA

Spojnikova DNA

Koralkova forma Koralkova forma chromatinu
i chromatinu Nukleosom
10 nm
A g
I Y U0 UC UC U ) jadro nukleosomu _
. -! -, A, *Q ‘, 30 nm 30 nm viakno 2x histon H2A histon H1

0010101010

2x histon H2B
2x histon H3
2X histon H4
Rozvinuty usek
chromosomu
DNA
Kondenzovany

M (S 2 SN
W€y a D X

1400 nm chromosom
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Mimojaderna dedicnost

mitochondrie chloroplast (plastid)




Screening karyotypu a genomu u clovéeka




Screening karyotypu a genomu u clovéeka

Karel Jaromir Erben:
Vsak lepe v mylné nadgji sniti,
Pred sebou cCirou temnotu,
Nezli budoucnost odhaliti,
Straslivou poznat jistotu?



Trizomie na 21 chromozoému
(DownUv syndrom)

B Canada 0,7
Finland 12,3
France 9,9
Germany 9,2
ltaly 5.7
Sweden 10,6

USA 13,0
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ZNAK GEN  ALELA EFEKT

e 1 ‘ chybi enzym glutenaza b
/ . R 1 (1-5%)
Metabolismus L ) = bezlepkova dieta
glutenu - N/ N
L (lepku) P ) normalni funkce
' enzymu
¢ L Y
- N7 =
snaseni laktozy
, L (mléka)
Metabolismus T . JAN J
laktézy i Rl : o
) chybi enzym laktaza
' = koliky, prajmy




ZNAK
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EFEKT
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Metabolismus
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ZNAK GEN  ALELA EFEKT
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EFEKT
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Rehout 2009
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ZNAK GEN  ALELA EFEKT
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ZNAK GEN  ALELA EFEKT
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Sekvenovani DNA

DNA

Deoxyribonucleic acid

Cytosine Guanine Adenine Thymine

g
o



>

TITTITIIT T
GCATGGGCCATA

Sekvenovani DNA

Sangerovo sekvenovani

JuS1 QWS

>

1977 Frederic Sanger (druha Nobelova cena,
prvni dostal za objev struktury proteinu)




o 5
> > M CCCCCCCCCCCCCCCCCCCC
O o
o % O
O
(@)) S o
C <
© o <
N w T”
i
: ] 11 |
< < &~ | -
uonoali buipeay mm B N |
> m”m M
o< |l |
o< < < :
O O G G = 2%
O O O O
@ Cu @ @
@ O O O
O O O O
< <= < <
O=4 Gm Gu O=4
O O O O
< < < <
O=] O O=-1 O=f




S E
=>0
JETUIS

J

<

TVEX

O
me

=->
|En
G)
)
=->

o
E3
E:
O
O
—C
o
>
=>0
>

o Gel.0007 184
Sl v E il *dei I 1] owrersiso semzees
2 & ¢ ¢ B

IR RRIREE

B Hi e

‘r Areww| Semecs | Fopans Sedgamywy | R EPT) mate |

Caa TA1 MO1 100554358003 .J'

- » 4y va v 1) 4 ) wiul ] T ANy - i @ 5
R .. s, S 1 L S o e el e e et St
ol e i b et e e nnin il
reca | ] RZ 03 rca T 2 TEOTOCERROACT TTAT X RAZET

W A R

==

il Eiii 0 I I l i

R T

== | | I
HF;‘ - . | ! ‘|. ‘l‘. I ‘ ’
e 3l g TV PG \" ety i , '
= - . I | U AL f (| ' !
= (YL i VICITRRLTE 1T
o L G L I L L L L
5 2= B




New generation sequencing

(i
Single stranded DNA —™
library by using

454 . __ Ligation Adapter

- = )

A/B fragments selected using
Avidin-Biotin purification

I —{ ﬁ

Single stranded
DNA library

Roche 454 LifeSciences Genome Sequencer



1. DNA je navazana na mikrokulicku na které je

i posléze enzymatickou reakci namnozena

rek na

Lo

. Mikrokulicky isou vloZzeny do kom
454 desticce

3. Vidy jeden typ nukleotid je pridan do
reakéni smeési. Pfi navazani nukleotidu se
uvolni pyrofosfat (PPl), ktery je preveden
Sulfulyrazou na ATP. Luciferaza pak spotrebuje
ATP a vyzari svétlo které je zachyceno kamerou



 Hemolysin ze Staphylococcus aureus
« diry/péry do membrany
« synteticka membrana
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Nanopore Sequencing (Oxford Nanopore)

MinlON:

Sekvenovani genomu

Transkriptomu

Cilené sekvenovani (targeted sequencing)
2048 poru (R10 flow cell) do 48 Gb na jednu MinlON Flow Cell!!
Od kratkych (velky pocCet) po extradlouhé ready do 4 Mb (!)



Co s témi pismeny?




Co s temi pismeny?

SEQ1

ATTACGGGTCGTAGTCGTAGCTG
P.ﬂn {matr:.h}
Hil"thﬂxi sekvence
SEQ2
ATAACGGGTGGTAGTCGTACCTG
SEQ1 A:EGEGGG‘I'I TAGTGGT TG
1] P ELELL TR
SEQ2 ATAACGGG TAGT::.Gm_pTG

,

HEPAF: (mismatch)

vypocet normalizovane hodnoty podobnosti

hodnota paru hodnota neparu

v v
S..=(20 x 1+ 3 x 0)/23 = 0,8696
$ b8

pocet parl| |poéet nepari| |poéet pozic




Mnohonasobné pfrirazeni
(mulitple alignment)

Local Alighment

Target Sequence

5" ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3°

LEEE TEEEEE TECEEEEEETETTT
Query Sequence |5 ' TACTCACGGATGAGGTACTTTAGAGGC 3'

Global Alignment

Target Sequence

5" ACTACTAGATTACTTACGGATCAGGTACTTTAGAGGCTTGCAACCA 3°

LECEEEEEEer feeeee e PeE e e e e
5' ACTACTAGATT----ACGGATC--GTACTTTAGAGGCTAGCAACCA 3'

Query Sequence
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DNA to nekon
ale zacina...
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Centralni dogma molekularni biologie

transkripce

;E)
>

I |
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N2/

I

=
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D
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'rekaace
translace

e
\

reversni
transkripce



Replikace DNA

Replicated DNA

' s;

DNA polymerase | DNA polymerase Il|

Lagging

L

strand 1 3
) Okazaki fragments
Leading ° " u I S
strand 3
Topoisomerase

Sliding clamp /

Single-strand
DNA polymerase Il  binding protein



Transkripce

Ribonukleosidtrifosfaty
RNA-polymerasa NTP

Templat pro
syntézu RNA

Rozvijeci misto

Smeér transkripce



Retroviral integration

Receptor binding and membrane fusion

!

o

Cytosol @

!
WG ol roia

Reversni transkripce

Nuclear entry

Integration

Nucleus

NN

Host genomic DNA

S



Cytoplasma

Translace

0097
I%s 'ﬂ Jﬁ.minnltysulin]r
-

ATP  ADP \pDNA viZe

tRNA

tRHA s amino-
kyselinou se

. vazZe na

-‘\«.Hrilmsum

kodon

M"} aminokyseliny £

)

'Rostouci poly-

" peptidovy
retézec



George Gamow
(1094-1968)
teoreticky predpoklad

Francis Crick, Sydney Brenner,
Leslie Barnett a R.J. Watts-Tobin
experimentalni dukaz

Marshall Nirenberg, Har Gobind
Khorana a Robert W. Holley (Nobelova
cena 1968) Role RNA v translaci

GCA AGA GAT AAT TGT..

Ala Arg - Asn [ Cys o«
1

2 3 4 5



Translace in silico

gagctgagagtcgggaacaggtaccggctgggccggaagatcggcagecggctecttecggagacatctatecteggtac
ggacattgctgcaggagaagaggttgccatcaagcttgaatgtgtcaaaaccaaacaccctcagctccacattgagagca
aaatctacaagatgatgcagggaggagtgggcatccccaccatcagatggtgcggggcagagggggactacaacgtcatg
gtgatggagctgctggggccaagcctggaggacctcttcaacttctgctccaggaaattcagecctcaaaaccgtecctget
gcttgctgaccaaatgatcagtcgcatcgaatacattcattcaaagaacttcatccaccgggatgtgaagccagacaact
tcctcatgggcctggggaagaagggcaacctggtgtacatcatcgacttcgggectggccaagaagtaccgggatgcacge
acccaccagcacatcccecctatcgtgagaacaagaacctcacggggacggcgcggtacgecteccatcaacacgcaccttgg
aattgaacaatcccgaagagatgacttggagtctctgggctacgtgctaatgtacttcaacctgggctctctceccecctgge
aggggctgaaggctgccaccaagagacagaaatacgaaaggattagcgagaagaaaatgtccacccccatcgaagtgttyg
tgtaaaggctacccttccgaatttgccacatacctgaatttctgececgtteccttgecgttttgacgacaagecctgactacte
gtacctgcggcagcttttccggaatctgttccatcgccagggecttctectatgactacgtgttcgactggaacatgctca
aatttggtgccagccgggccgccgatgacgccgagcgggagcgcagggaccgagaggagcggctgagacactcgcggaac
ccggctacccgcggcecctcececctteccacagectececggecgectgecgggggacgcaggaagtggeteccececccacaccecteac

ccctacctcacacacggctaacacctceccecceccecececggececgtetecggecatggagagagagecggaaagtgagtatgeggetge
accgcggggcccccgtcaacatctectegtceccgacctcacaggccgacaagatacctcectegcatgtccacctcacagaat
agcattcctttcgaacaccacggcaag

ELRVGNRYRLGRKIGSGSFGDIYLGTDIAAGEEVATIKLECVKTKHPQLHIESK
IYKMMOQGGVGIPTIRWCGAEGDYNVMVMELLGPSLEDLENFCSRKESLKTVLLL
ADOMISRIEYTHSKNFITHRDVKPDNFLMGLGKKGNLVYIIDFGLAKKYRDARTH
QHIPYRENKNLTGTARYASINTHLGIEQSRRDDLESLGYVLMYEFNLGSLPWQGL
KAATKROQKYERISEKKMSTPIEVLCKGYPSEFATYLNFCRSLRFDDKPDYSYLR
QLFRNLFHROQGFSYDYVEFDWNMLKFGASRAADDAERERRDREERLRHSRNPATR
GLPSTASGRLRGTQEVAPPTPLTPTSHTANTSPRPVSGMERERKVSMRLHRGAP
VNISSSDLTGRODTSRMSTSONSIPFEHHGK




0.86p Heterocapsa rotundata

Heterocapsa pygmaea
1.00f= Scripsiella trochoidea

Gyrodinium dorsum
Frorocentrum emarginatum
Peridinium balticum
Kryploperidinium foliaceum
Dinophysis norvegica
Prorocentrum minimum
Cryptoperidiniopsis brodyi
[ Gyrodinium impudictum
Amphidinium semilunatum

Eukaryotic clone OLI11005
Hematodinium sp.
Noctiluca scintilans

064p Perkinsus atlanticus
. }igu Perkinsus atlanticus
- Perkinsus sp.

Perkinsus marinus _
1.00gem Caryospora bigenetica

0.1

Alexandrium pseudogonyaulax

Dinophyceae

Amoebophyra sp.

Perkinsea

N
1.00 Eimeria alabamensis Euapicomplexa
e Toxoplasma gondii
2 1.00 Theileria buffei
063 Babesia gibsoni
- 1.00 Monocystis agilis -~
1.00 Ophriocystis elektroscirrha
= Selenidium terebalae
Cryptosporidium parvum -
marine parasite from Thdacna crocea
— marine clone from Ammonia beccarii_/
0.54/51 Environmental sequence AF372772
1.00/99 Environmental sequence AF372785
: Colpodella edax Colpodellids
1.00 Environmental sequence AF372786
— hrrirc:-rpacfn‘gﬂa sp. ATCC 50594
o} %G ella pontica
[MB 0.91/ ML 52| (taxon 2 |
Ciliata
Costaria costata
L Mallomonas striata Stramenopila
— Thraustochytrium multirudimentale




EPSP syntaza

Chorismat syntaza

L oscilemum P10748
ML tree M. @hacum P23981 ML tree
. 78100 L Poturia (hybrida) P11043 JTT matrix
JTT matrix D. chinensis AAL27697 56100 . gsculantum Q42584
as/76 1 LD chinensis AAL27698 L. esculaniim Q42885
E. indica CADO1085 A. thalizna P57720 Plants
E. indica CADO1098 é thaliana Hpﬁﬁgm
(O safve BABB10G2 . sempanvirens P27793
1008 §Z mays CAA44074 Fiaw e T, pegudonaia (new\V'2.0.genewisa. 111.2.1) JDiatom
' A. thaliana PO5AGE Mostoc sp. NP4B4840
A thakana XUMUVS N. punctiformeo EEFEI:?&E??ESEE
A thalizna NP182055 - erythrasum
Rt A. hakans 175317 T. slongatus MPE21253 Cyanobacteria
0. vidlaceus AAL 65913 Synechocys s sp. NP 440735
— 8. napus P17E88 Synechococcus sp. ZP00114738
T. pseudonana (genawise.2.426.1) 1 Diatom P. marinus ZP001 04231
L A metallidurans ZP000231640 Beta proteobacteria 50/50 M. crassa (12640 Funai
= 92100, 8 sonmei O9ZFET SS. pombe Dﬁgms ngi
= 740D & CaiNPrE2073 D01 00, P vivax AP4B1Z77 -
R 5. yphimurium X UEBVS J:P.'iaka‘parum AFooasagfAPicomplexa
EC ¥ ol N s ofi A e
| EE N X namatophila QBALVD Gamma V. parahasmolyhicus NPT9ese1
'-..\ V. cholerae NP231368 protechacteria o infls o NP438365 Gamina
5375 V. pamhesmalyihicus NPTAT395 _B_ aphidicola AACG7352 protachacteria
P damsolas 0BV PES v FES‘?S NPBEEEE03
] Az ¥
EEH Az v I L E coli NP416832
Bay 8. aphidicola NP240133 /95— 4. tumefaciens NP531454
R R s 1 Lo Aghs
B . punctiforme ZP0O0 109685 I{‘:!"m"'“'l"ﬂ''m"'Ial E‘ mmszp%m%g?% protecbacteria
96100, E nidkians POT547 M magneibtacticum ZP000S5470
- E nidians BYASA1 BS/100 C. thermocalum ZPO00DE1 075
aE/100 M crassa CAD21207 Fungi V- ?af1]ﬂl!_. innoctla NP4T1 376
52100 5. pombe 594681 L. monocyloganas NP4es452 0 b vo o

A solani AANTODI2

P. carinii (11 2659

. themmocellum ZP000B1700

C. acatobubyicum NP247531 ll—'lrni::utas

01

B. subtilis NPaoD152
G acetohuldicum NP3 T532
C. parfingens NPSE1813



Phosphoenolpyruvate @

(PEP) +
Erythrose 4-P

Chorismate
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CHLOROPLAST

anthranilate ‘ Phenylalanine

: Arogenate (pretyrosine)
T

1(2-carboxyphenylamino)
1-deoxyribulose 5-P

(3-indolyl) wdi indole .

glycerol-P

Tryptophan

-

CYTOSOL

Syntéza aromatickych
aminokyselin

A - DAHP synthase

B - 3-Dehydroquinate synthase

C - 3-Dehydroquinate dehydratase

D - Shikimate dehydrogenase

E - Shikimate kinase

F - EPSP synthase

G - Chorismate synthase

H - Anthranilate synthase

I - Anthranilate posphoribosyl
tfransferase

J - N(5-posphoribosyl) anthranilate isomerase

K - Indole-3-glycerol-P synthase

L - Tryptophan synthase alpha

M - Tryptophan synthase beta

N - Chorismate mutase

Q - Prephenate aminotransferase

R - Arogenate dehydrogenase

S - Arogenate dehydratase



Mitochondrialni genom (kinetoplast DNA) kinetoplastidu

A Isolated Network
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T. brucei ATPase 6 mRNA

edited
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Model replikace kinetoplastové DNA

Pol B-PAK
Topo ll
Pol B Antipodal
site
SSE1 -

(RNase H) ’
Primase - Kinetoflagellar
UMSBP Zone

7.
G /e ,




Zjednoduseny pohled na mitochondrialni transkripci,
editovani a procesovani RNA u Trypanosoma brucei

Nejméné 300 protein

je treba pro produkci pouhych
21 proteinti v procyklickém
stadiu T. brucei a pouze
jediného proteinu v krevnim
(bloodstream) stadiu.

21 proteins

Lukes et al. IUBMB Life 2011



Negeneticka dedicnost

Epigentické faktory: acetylace histont, metylace DNA, genomicky imprinting

EPIGENETIC MECHANISMS HEALTH ENDPOINTS
are affected by these factors and processes: « Cancer

* Development (in utero, childhood ) » Autoimmune disease
* Environmental chemicals = Mental disorders

* Drugs/Pharmaceuticals e
* Aging
Diet
CHROMATIN EEJ)@F%I\IIQETIC

/ DNA methylation
Methyl group (an epigenetic factor found
in some dietary sources) can tag DNA

and activate or repress genes.

HISTONE TAIL
\

R e

GENE

”~
v
Ny

( HISTONE TAIL

I .v-n."‘_" "

DNA accessible, gene active

Histone modification

The binding of epigenetic factors to histone “tails”
Histones are proteins around which | HISTONE alters the extent to which DNA is wrapped around
DNA can wind for compaction and DNA inaccessible, gene inactive histones and the availability of genes in the DNA

gene regulation. to be activated.




Negeneticka dedicnost




Negeneticka dedicnhost
Membrany (fosfolipidy, glykolipidy, steroly, proteiny)

A The TMCO1 translocon B The PAT Complex
(insertase & chaperone activity) (chaperone activity)
- Nicalin-TMEM147-NOMO  TMCO1 CCDC47 CCDC47  Asterix
NOMO not depicted Heterotrimeric complax EMC3NYIdC  In the PAT Inthe TMCO1  Substrate
insertase-like complex ranslocon  binding domain
Two discrete
I
¢ ¥ iy
the same
AR [ AT TR e comotee RRRCRERACYY AR
£ Lhﬂ LY 08¢ lll(

Sec61, the EMC, TMCO1 translocon, PAT complex
& multi-spanning TMP biogenesis

:@ﬁ?%ﬂ O

RSB 1

| el .
RNC-ER Sec61- Sec61 &/or EMC- TMCO1 translocon-
Membrane —— mediated mediated mediated pathway
Docking pathway pathway _| {+/- Asterix)
EMC EMC TMCO1 + D = sigral ancher |
insertase chaperone translocon . @Y= globular |
activity activity activity i domain / coiled coil
l i e =ribosomal
Y H exit tunnel

Type | & Type ll-like TMPs Type lli-like TMPs : = TMD exposed |
2 c ' hydrophillic amino acid ;

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

At Type Iike TMPs . ‘
:: i ﬂ k; h r Type ll-like TMPs :> Prglﬂln r(:!d|ng
Type lll-like TMPs ompletion

o=
o




Negeneticka dedicnhost

Mikrobiom




Negeneticka dedicnhost

Kontinuita zivota
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instinkty

genova regulace
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sugar phosphate
backbone

Zdroje variability
E-

weak hydrogen |



Mutace - spontanni
bodové mutace (substituce)

Codon
—
DNA AAG — AAA TAG AGG ACG
MRNA AAG AAA UAG AGG ACG
Lys Lys STOP Arg Thr
Protein
SFT,DS??;TEUS Non-synonymous
Nonsense Missense

2 Non-
Conservative  cgnservative



Mutace - spontanni
Inserce a delece

Mutation: Insertion of C Mutation: Insertion of C Mutation: Deletion of C
Original DNA ;
9 alalalalrlelcirivticiricicialalalalr Original DNA
Mutant DNA bt
Ajajajalrie citiriciriciciajalcala P A Altlclcitiriticicialalelalr
UJUJUUjALE GJAJAJGIAJGIGJURUICHIL vjuju UBAjcicjajAjAalGlicjujulciula
mRNA mMRNA

Amino acids Amino acids @ | m‘ fx '5 | @

Deletion mutation

Original DNA code for an amino acid sequence.

(NM—CATCATCATCATCATCATCAT
bases

- His H His H His H His H His H His H His -

A
r

Amino acid

Deletion of a
{/*A single nucleotide.

A
I 1 I 1 v

CATCATCATCTCATCATCATC

-~ His_H His H His HETTTEHENTEHETEHENTE- -

Incorrect amino acid sequence, which
may produce a malfunctioning protein.




1* round PCR

2™ round PCR

Mutace - spontanni
Inserce a delece

Insertion Deletion Point Mutation (x)
e 2212021 ONA ONA t0 be inserted ""““""""’"“""“
: ¢ v ¢
il <« T T
¢ ¢ i Complementary sections ‘L
— —— = -  x
= Lﬁ: L;_*:
X

Genomové mutace — aneuploidie, polyploidie



Types of mutation

Deletion Duplication Inversion

Chromosomalni mutace

Translocation

e Echmmum 20
4

uuuuuuu



Mutace vyvolané mutageny

« Fyzikalni (ionizujici zareni — RTG, UV,
gamma)

« Chemické (mutageny — kyslikove
radikaly, dioxiny, kolchicin, ethidium-
bromid atd.)

« Biologické (onkogenni viry —
adenoviry, herpes viry, virus Epsteina-
Barrové, Rousuv sarkomalni virus a
Rauscheruav virus leukémie



Horizontalni genovy transfer - bakterie

Donor Recipient

Transduction

Donor bacterial genomic

Transformation of free DNA
Type VI secretion system

“ EVs
O A\

Free DNA



Horizontalni genovy transfer - bakterie
Fylogeneticka sit




Genové inzenyrstvi

ARTIFICIAL

LIFE
q ]

iy )
VA

CHRIS MATDEM.



Metody genového inzenyrstvi

VétsSinou vyuziva prirozené mechanismy k pfenosu nebo uprave
genu v cilovém organismu:

vektor — vetsSinou DNA plazmid nesouci cilovou

genetickou informaci

Jak dostat vektor do bunky:
» Klonovaci plazmidy (teplotni Sok)
« Agrobacterium tumefaciens B
mediated transformation
* Virova ,infekce”

» Elektroporace

« Mikroinjekce
« Gene gun (biolisticka transformace)

« Cilovy organismus vektor sni (C. elegans + bakterie s RNAi vektorem)



Agrobacterium

T-DNA
b m‘s‘uo
|
. Opines
catabolism

Replication origin

Transfer of T-DNA into the plant cell
AGROBACTERIUM




Viralni vektory

GENE
THERAPY

Vector
(adenovirus)

Modlifiecdt DNA
injected info vector

Vector binding
to cell surface

Capsid



Elektroporace

resistor  Voltage source

I
—Wv |k
Switch 1N\
capacitor
o 1 o
Switch 2
Beaker Containing

Cells and DNA (or
other molecule)

Obr. 41. Schéma elektroporatoru:

Po zapojeni prvniho spinaée (1) dojde k nabiti
kondenzatoru, ktery se po zapojeni spinae (2) vybiji
a generuje pulz vysokého napéti. Jeho hodnota se
pohybuje mezi 10000-100000V/ecm a trva fadové
mikrosekundy az milisekundy. Tento pulz narusi
bunéfnou membranu, vyvola wvznik pori azménu
membranového potencialu o hodnotu 0,5-1V, coz
umozni vneseni DNA zesuspenze do buiky na
podobném principu, na jakém je zaloZena elektroforéza.

—> http://opbs.okstate.edw/%7Emelcher/MG/MGW4/MG43 1 himl.

Electroporator
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Mikroinjekce




Xenotransfekce Toxoplasma gondii a Phaeodactylum tricornutum

/

CVG 200

| PENTR®) ~——___
oDEST® | PDEST ) ,
cVG | CVG |[YFP

FP (chim] [fcbp) Y

Gene amplification l
| — pENTR® vector

— cells

— selection

— MICroscopy 7




CHROMERA

" MITOCHONDRION PLASTID )

Protoheme )

.T Chlorophyll
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RNA interference

Post-transcripCni gene silencing

dsRNA

Dicer

1. Vstup virové dsRNA / uméle vytvorené dsRNA do A somnce

bunky

2. dsRNA je rozstépena specifickou endonukleasou

DICER (kédovana genem DICER1, z rodiny RNaz lll.) na A<§<<)>)y LZZZF AFNA
malé dvouretézcové molekuly o sekvenci cca 21bp JHET

3. Molekula siRNA je rozvinuta do dvou vlaken, z nichz

jedno je degradovano H'SCformaﬁon

4. Dochazi k tvorbé RISC (RNA-induced silencing
complex) komplexu = siRNA + protein Argonaut FisG
5. RISC se pomoci komplementarity retézce siRNA

navaze na molekulu mRNA, kterou diky své
endonukleasové aktivité rozStépi a znemozni tak mHNAcIeavage
translaci miRNA jsou ss molekuly RNA, které jsou

transkribovany v bunce. Diky jejich vlasenkovité mRNA

strukture, kterd pripomina dsRNA, mlze byt DICERem W@ ; < N
rozpoznana a spolu s nim zapojena do RNA ¥
interference. LA

T

Sekvencné specificka degradace mRNA — ,knock-down”



Craig C. Mello a Andrew Fire, Nobelova cena fyziologii a medicinu 2006




CRISPR-Cas9

Metoda editovani genomu postavena na zjednoduseném bakterialnim
obranném mechanismu proti virum. Kombinace nukleazy Cas9 s gRNA (guide,
vodici RNA) umoznuje bud ,vystfihnout” ¢ast DNA nebo ji tam naopak viozit.

V roce 2020 obdrzely autorky této metody Jennifer Doudna a Emmanuelle
Qharpentier Nobelovu cenu za chemii. Zasadni podil na objevu ma také
Cech Martin Jinek, ktery dfive pracoval v tymu Jennifer Doudna v Berkeley

J. Doudna



(E (1) Virus invades
‘" bacterial cell

—

(2) New spacer is
derived from virus

and integrated into
l CRISPR sequence

4 AHONS S

™ Adaptation

(4) CRISPR RNA l
Ta rgeting - guides molecular
machinery to S E
i (3) CRISPR RNA

target and destroy

| Production of
viral genome

CRISPR RNA

is formed

Step 1) Adaptation - DNA from an invading virus is processed into short segments that are inserted into the CRISPR sequence
as new spacers.

Step 2) Production of CRISPR RNA - CRISPR repeats and spacers in the bacterial DNA undergo transcription, the process of
copying DNA into RNA (ribonucleic acid). Unlike the double-chain helix structure of DNA, the resulting RNA is a single-chain
molecule. This RNA chain is cut into short pieces called CRISPR RNAs.

Step 3) Targeting - CRISPR RNAs guide bacterial molecular machinery to destroy the viral material. Because CRISPR RNA
sequences are copied from the viral DNA sequences acquired during adaptation, they are exact matches to the viral genome
and thus serve as excellent guides.

The specificity of CRISPR-based immunity in recognizing and destroying invading viruses is not just useful for bacteria.
Creative applications of this primitive yet elegant defense system have emerged in disciplines as diverse as industry, basic
research, and medicine.



%\ Q Guide RNA
Targeted

DNA (

Gene Silencing / \ Gene Editing
Repair

Attempted
Repair ——— Template
Y —
41"—*—! "
Gene is disrupted Gene has a new sequence

Gene silencing and editing with CRISPR. Guide RNA designed to match the DNA region of interest directs molecular machinery
to cut both strands of the targeted DNA. During gene silencing, the cell attempts to repair the broken DNA, but often does so with
errors that disrupt the gene—effectively silencing it. For gene editing, a repair template with a specified change in sequence is
added to the cell and incorporated into the DNA during the repair process. The targeted DNA is now altered to carry this new
sequence.



EVOLUCE

Evoluce versus stvoreni

Zménam prostredi muze Celit jen
vyvijejici se zivot

Dlkazy jsou vSude kolem nas
» Rychla evoluce viru

* Molekularni dukazy

* Rudimenty (zakrnélé organy)
* Funkcne nevhodna reseni
(pfece neni Buh debil!)

Evoluéni teorie nabizi logicky
mechanismus vyvoje

V rozporu s virou?
Nebezpecné duisledky pro spoleé¢nost?

Evolucni teorie je pouze teorie, kterou:
* Nelze dokazat

« Samovolné zvySovani usporadanosti
systému je nemozné

» Slepym procesem nemuzou vznikat
adaptivni vlastnosti

» Pfirozeny vybér nestaci ke vzniku druhu
a novych télnich planu

* Chybéjici meziClanky

» Slozité systémy nemohou vznikat z
Jednoduchych

* Nevysveétluje vznik zivota



Evoluce nam probiha pred o¢ima

Drsnokridlec brezovy (Biston betularia), v 19. stoleti se za€ala v Britanii objevovat
Tmava forma (B. carbonaria) hromadici v kfidlech melanin. V posledni Ctvrtiné 20. stole
zase vymizela.

Biston betularia Bombyx mori
chr. 17 LG17 chr. 17
sulf (® 0 —~— sulfamidase sulf
2 rpl38
chit
chit|®
carb
carb myosin HC
chitinase 51
TBC1|e 16 rho-gdf
19 rab-ggt f Intp
Intp|e 20 frehalase 1B
21
actin ﬂi
actin
2 nudC
TBC1fm16
elF3D
Irtp cath
cath
38 Irc4
40 RPA43-N
Frantisek Marec Martina Dalikova W 1 .
50 rab40 _
axin|e 52 apyrase axin
ring finger protein
myosin xv
60 axin
63 sulfotransferase
& 64 —| 1Ps24

atg12



Evoluce nam probiha pred o€ima

Evoluce virt HIV (retrovirus, puvodce AIDS)

Homo sapiens Pan troglodytes troglodytes (chimpanzee)

owr
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Cercocebus atys (sooty mangabey) Gorilla gorilla

0-05 w

HIV-2

<

Intra-patient variability
within a subtype

HIV subtype variability

=

Inter-patient variability
within a subtype

nukleokapsidovy
protein p7

matrixovy protein p17
proteaza

reverzni transkriptaza

fosfolipidova
membrana

dokovaci glykoprotein

virovy RNA genom gp 120

o transmembranovy
kapsidovy glykoprotein gp 41

protein p24



Epidemiologicka sit pfenosu HIV




Evoluce covidu

19A

20069

@ 20r

@ 201 (Aipha, v1)

.ZOJ (Gamma, V3)
21E (Theta)

21G (Lambda)

208

21K (Omicron) . 22A (Omicron)

21M (Omicron)

21L (Omicron) .228 (Omicron)
. 22C (Omicron)

@ 20c

198 @ 20H (Beta, \2)
20C
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MeziClanky neexistuiji....

" Apicomplexa

f Cryptosporidium spo-@%
L e

gregarines

A Voromonas @
' Vitrello
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MeziClanky neexistuiji....
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BIOLOGICKA

td EVOLUCE

‘FL DARWIN GIN

= vyvoj zivota

Pred Darwinem (do roku 1859)

Jean-Baptiste Lamarck
Organismy se pod vlivem prostfedi sméruji k vytvareni

VAT & &4

dédi do dalSi generace. vule k pokroku
Proti: Jean-Baptiste Lamarck

» Centralni dogma molekularni biologie

« Weismannovska bariéra (mutace v somatickych bunkach se neprfenaseji do dalSi generace
» Epigenetické procesy neovliviuji sekvenci gend, ale jenom jejich regulaci

Pro:

* Neékteré organismy nemaji Weismannovu bariéru

» Existence cilenych mutaci (protilatky, povrchové proteiny apod.)

* Horizontalni genovy transfer

» U rostlin dochazi k selekci somatickych bunék

* RNA s katalytickou funkci mohou byt prepsany do DNA a dédény



Charles Robert Darwin (1809-1882)

Od mladi evolucionista, nadSeny propagator evolu¢ni hypotézy Jeana Baptiste
Lamarcka o evoluci ziskanych vlastnosti. Vystudoval na anglikanskeho
duchovniho, zak Johna Stevense Henslowa, obdivoval Williama Paleyho, (bozi
zamer)

Po plavbé na lodi Beagle (5 let) formuloval v roce 1839 teorii prirodniho vybéru.
Kdyz v roce 1858 zjistil, Ze Alfred Wallace dospél k podobnym zavéram, sepsal
,2abstrakt” a vydal jej v roce 1859 jako ,,On the Origin of Species by Means of
Natural Selection, or the Preservation of Favoured Races in the Struggle for
Life” (O pavodu druht pfirodnim vybérem, neboli uchovavani prospésnych
plemen v boji o Zivot).

Darwin nemohl veédét o genech, proto je jednotkou vybéru jedinec.

Nekteré jeho déti (mél jich 10) se proslavily, tfeba botanik Francis
Darwin, astronom a matematik George Darwin,

Ackoliv si vzal za Zzenu svoji sestfenici (nebo spis praveé proto, ve
svych spisech se vyjadril ke skodlivosti pribuzenského
rozmnozovani a vyhodach krizeni
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" But with regan] to the material wozld, wo ean at least go so
far ns this—we oan perccive that events are brought alout not by
insnlated interpositions of Divine power, oxerted In oach particular
capd, bub by the establishoont of genoml laws.™

W, WnEwELL : Fridoctonter Trealise,

“To ewmolude, therefore, let 5o man out of & weak eonecil of
sobriety, or an ill-applied modémtion, think or maintain, that a
man can searclh (oo far or be foo well sladied fn the book of God's
word, or in the beok of Ged's worka ; divinity or philosophy ; bt
rather bot mmon ondesvorr an endless progress or proficionce in both,"

Baoox s ddeancement of Learning,

Dowen, Hrowley, Kend,
feftder Lal, 1856,

.
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THE ORIGIN OF SPECIES
BY MEANS OF NATURAL SELECTION,

o TIHE

PRESERVATION OF FAVOURED RACES IN THR STRUGGLE
FORt LIFE,

By CHARLES DARWIN, MLA.,

PELLOW OF THE B0y AL, GROLGGITIAL, LIRS EAN, TS, ERCTONTTEE ¢

AUTINOE OF * JOUTENAL OF RESEARCIES DONTNG 1. A, &, DEAGLES VOVYAGE
LOUXD THE WoLLD,"

LONDOX:
JOHN MURRAY, ALBEMARLE STREET.
15564,

The ripht o Tromadadbm v e,




Darwinismus (do roku 1859)

Charles Darwin (1809-1882)
Alfred Wallace (1823-1913)

Nedochazi k cilenym adaptivnhim
zmeénam, ale selekci (vybéru) jedincu
(populace) s vyhodnou variantou
urcitého znaku

Alfred Wallace

. Zivé organismy se v prib&hu &asu méni

* Druhy se odstépuji od spolecnych predku

« Evoluce probiha postupnou kumulaci drobnych zmén

« K evoluci dochazi zménami ve frekvencich variant v ramci populace

« Evoluci zene selekce, jako prirozeny vyber, ktery nasledné vede ke vzniku adaptivnich
vlastnosti

« Pohlavni vybér mize zvyhodnovat vlastnosti, které by pfirodni vybér (prostredi) potlacil

Darwin Wallace
Konkurence mezi jedinci Vliv vnejsiho prostredi a evolucni procesy
Pohlavni vybér Pohlavni vybér neuznaval



Neodarwinismus — evolucni syntéza

Nikdo z Darwinistl netusil, jak vznika variabilita — dédéni ziskanych vlastnosti
Mendel jim do toho trochu hodil vidle — kombinace zdanlivé neménnych znaku
Populacni genetika

J. B. S. Haldane (1892-1864)
Pribuzensky vybér

Ronald A. Fisher (1890-1962) (statisticka analyza)

Theodosius Dobzhansky (1900-1975)

Nic v biologii nedava smysl — leda ve svétle evoluce.
Pokusy s octomilkou

Pravoslavny krestan a evolucionista, kritik primitivniho
Kreacionismus, ucitel Francisca J. Ayaly

Neodarwinisté: Evoluce jako pozvolny proces, probihajici predevsim na urovni
populaci



Postneodarwinismus — evolucni syntéeza

Posun od jedince a populace ke genu — genocentrismus
George Christopher Williams a William D. Hamilton

Richard Dawkins (Sobecky gen): organismus je pouze prostfedkem k dalSimu
Sifeni uspésnych alel. ,Sobeckost” genu (alely) je schopnost obsadit genom
jedince a nasledné se uspesneji replikovat a Sifit ve srovnani s konkurencnimi
alelami.

Pribuzensky vybér — evolucni strategie podporujici uspéch pribuznych organismu
Evoluce altruismu

Motoo Kimura neutralni evoluce: vetsina evolucnich zmen na molekularni
urovni probiha dusledkem nahodné fixace neutralnich mutaci, zatimco pfirodni
vybér fixuje pouze minoritni mnozstvi zmén



Population n=20

Geneticky drift (posun)

R B i)
nahodny posun ve frekvenci jednotlivych alel .. A ’»f\gf 7\&\ -
v populaci -, %\;&@"“‘:{:\\ |
je nezavisly na vlastnostech Ci projevech znaku

pfimo umeérny efektivni velikosti populace

Allele frequen

plati pouze pro omezené populace, [

pro panmiktické (nekonecéné velké) nikoliv

NejsilnejSi (az absolutni) u neutralnich alel,

Allele frequency

které se neprojevi na fenotypu

Ra sampli d genetic drift
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Niels Eldredge a Stephen Jay Gould

Teorie prerusovanych rovnovah (anglicky Punctuated Equilibrium)
druh po vétSinu Casu zustava stabilni a méni se pouze v kratkych obdobich tzv.

speciacnich udalosti, kdy druhy vznikaiji.

Biodiversity during the Phanerozoic

All genera [ v
Well-resolved genera -

Long-term trend v
The “big 5” mass extinctions vV

Other extinction events Wy

5:12 5(lJO 4£'l)0 460 35':0 3('JO 2%0 2(')0 1%0 160 50
Millions of years ago

Thousands of genera

Extinction occurrences (%)

B
o
1

30 4

20

end-Ordovician

end-Devonian

rnd-Permian

e.nd-Tri'assic

end-Cretaceous

Millions of years before present time




Evoluéné vyvojova biologie (evoluce vyvoje nebo také evo-devo)

Srovnava vyvojoveé procesy, puvod embryonalniho vyvoje, fenotypické
plasticity

Znaky jsou si podobné, protoze

Sdileji spoleény ptivod: Viyvinuly se v podobnych {0 o
jsou homologni divergentni podminkach: i
evoluce konvergentni evoluce

chovani
instinkty

genova regulace

genotyp

Wooly

mammoth elephant
(extinct)

Common
ancestor

pfizplisobivost



Diverzita zivota
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Semiautonomni organely

mitochondrie chloroplast (plastid)
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Mitochondrie

Glycolysis
Krebs Cycle

Formation of
Acetyl CoA

electron

transport
32 ATP /

ATP synthase particles

inter membrane space
Matrix

; cristae
Ribosome

Granules

Inner membrane
Outer membrane

DNA




Mitochondrie

The Tree of Life
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MATRIX

PROSTOR

Ribosome

2H* + % 0, + 2e=—H,0
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Cristae

Membrane interme
Membrane externe

NADH dehydrogenaza
Sukcinat dehydrogenaza
Cytochrom c reduktaza
Cytochrom c oxidaza



Plasmodesmata Endoplasmic Reticulum  Nucleus contains
channels connect smooth rough chromatin, a

two plant cells nuclear envelope,
and a nucleolus,
as in an animal cell

Cell wall maintains
cell shape

Plasma
membrane

Cytoplasm

Central Vacuole Ribosomes

filled with cell sap
that maintains

pressure against
cell wall

Golgi
apparatus

Mitochondria
Cytoskeleton
microtubules
intermediate
filaments
microfilaments Chloroplast site Plastid store
microfilaments of photosynthesis pigments

Peroxisome
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Dusik fixujici ,,plastid“
(Coale et al, 2024, Science)

y
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B Dark Cycle - SXT Tomograms
Cell Cycle Progression Cytokinesis Growth/Reorganization
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Endosymbioticka hypotéza

s Richard Altman

Lynn Margulis
i (1852-1900)

(1938-2011)

= Lynn Sagan. On the origin of mitosing cells. (1967)
D Journal of Theorethical Biology, 14: 255-274

P e

Andreas Franz
Wilhelm Schimper
i (1856-1901)

Konstantin Sergejevi¢
MerezkovsKij
(1854-1921)
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Vnitrobuneécna domestikace

Korist > kleptoplastidy > plastidy

kofist >~ chov na mase . vejce, mléko, krev

Experimentalni domestikace bankivského kura (Per Jensen)
Experimentalni domestikace lisky (Dimitrij Béljajev)




Candidatus Pelagibacter ubigus HTCCI082
Candiddztus Pelagibacter ubigua HTCC002
alpha protecbarterium HIMBES -
Cancidatus Pelagibecter sp HTOCR211 SAR11 group
dpha bactaium HIMET 14

dus Pelagibecter s IMCCA063
&lpha profechactznum HMBSY

il

Rhodamanas Mitochondria

=

Heoricksitsia Rickettsiales

A

plasms

— I
w L Puriceipiiom
Hirsehia
Parvularoula
Hyphomonzs
Mazicandis

Phﬁ:hmer'um
Caunhacter
Feregulanicigenivm

Dimamaswabacter
T Fuegeria
Ll Raseabacter
Bl Jarnxschia

L
[

Ahedbecter

£F‘aanxms

Other alphas

Rickettsia

Elfving et al., 2012

Qutgroup

—] aiz4

Rodriguez and Embley, 2012 PLoS ONE
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Slozeni eukaryotického genomu

cytoplasmatické eukaryotické

jaderné funk
funkce jaderné funkce

jadro

(operacni geny) (informacni geny)

Eubacteria




Euryarchaeota

LECA
Endosymbiosis |
| Eukaryota
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Primary Endosymbiosis |

Eukaryotic A "
host ol ' '\ -
\| - OEM e,
o m x *u =
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, 2 i
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Primarni endosymbiodza

Primary Endosymbiosis |

Primary Endosymbiosis Il
Phagotrophic Paulinellc ancestor

¥
Paulinella chromatophora




Cyanobacterial groups

Gloeobacter violaceus PCC 7421
E Synechococcus sp. JA-3-3Ab
1/0.99 &= Synechococcus sp. JA-2-3B’a (2—-13)

1/0.94

Plastids

Acaryochloris marina MBIC11017

— Thermosynechococcus elongatus BP-1
e Cyyanothece sp. PCC 7425

[Cooner Synechococcus sp. PCC 7335
0.98/0.64
- |— Synechococcus elongatus PCC 6301
L oee I[Synechacoccus sp. PCC 7805
Prochlorococcus marinus MIT 9303
10,94 yr== Paulinella chromatophora =
1™ Synechococcus sp. WH 5701
= Cyanobium sp. PCC 7001
r— Nostoc punctiforme PCC 73102
reen | Nodularia spumigena CCY9414
pihe ' 1~ Nostoc sp. PCC 7120
' ~Anabaena azollae 0708
1/0.54 " Cylindrospermopsis raciborskii CS505
047 Trichodesmium erythraeum IMS101
s Oscillatoria sp. PCC 6506

osooact o =ioe: Lyngbyasp. PCC 8106

-
0.96/-

008 Arthrospira platensis
Microcoleus chthonoplastes PCC 7420
Synechocystis sp. PCC 6803
Microcystis aeruginosa NIES-843
H__ . Synechococcus sp. PCC 7002
Crocosphaera watsonii WH 8501
ir— Cyanothece sp. PCC 8802
™ Cyanothece sp. PCC 7822
= Cyanothece sp. PCC 7424

W r#— Cyanidioschyzon merolae
[ 008055 w" Thalassiosira pseudonana
1/0.12 I == Phaeodactylum tricornutum

11076 |} Physcomitrella patens
0.91/0.31 k. ™ Oryza sativa

1/0.77 = Arabidopsis thaliana

0.4

r—ff= Ostreococcus tauri
[ = Chlamydomonas reinharditii

B2

I Red algae
I Diatoms

I Green algae

I Green plants
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Primary Endosymbiosis | Primary Endosymbiosis il

Chlorophyta @«**"
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Cryptophyta
Guillardio theta
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Guillardia theta Bigelowiella natans



Red alga with
Ancestor of cryptophytes  ‘primary’ plastid



}

Ochrophyta

Non-photosynthetic
Stramenopila

Myzozoa

Non-photosynthetic
Alveolata

Rhizaria
Telonemia
Haptophyta
Centrohelida
Viridiplantae
Glaucophyta
Rhodophytina
Cyanidiales
Cryptophyta

Non-photosynthetic
Cryptista

1




cca 15% mitochondrialnich genu (alfa proteobacterie)

cca 15% mitochondrialnich genu (alfa proteobacterie)

cca 20% plastidovych (cyanobacterie)

cca 15% mitochondrialnich genu (alfa proteobacterie)

cca 20% plastidovych (cyanobacterie)

X % eukaryotickych genu z jadra pohcene rasy

Y % genu z mitochondrie pohlcené rasy
(alfa protechacterie)



'

'

; i (5
\ /5/,
@) J-q_’ A
% \}
’)W@ \\ Voromonas@ 7
rerkinsus Alyeolata G

> ,—"'__—_ Plasmodlumspp.—\‘\\ Vouy.
SAR -~ Apicomplexa
= v Toxoplasma ~~~._____ e
! 1 Cryptosporidium spp.\259.1 ‘ S L
; S B | Cryposporidium spp 1Sk, S, %
: P R \ g Karlod/nmm dinotoms %
! - TN \ gregarines veneficum *
;. Stramenopila 3 ‘ KLN. " &
‘ /’ Chromera ve/m £/ ﬂ'@ mophyta N, \‘
e s \& %1
%, \ y 1
T N < idini v
< 003 ' Alphamonas "R o= g ‘ gfgrmerr‘\?ed b4
N | Oxyrrh:s ‘Q ‘ dinoflagellates ! -
» > /D Hematodinium S
Lepidodinium chlorophorum " : o

) N\ Vvitrella
Bicosoecida - *\  brassicaformis

>-,"
-
(@]
= 3
Q
(1]
T
Q
(7]
o
o
Q

. Chlorarachniophyta
' Rhizaria .
“ Paulinella chromar?f{vg(q e Chlorophyta
. I
Haptophyta Glaucophyta ;
Rhodophyta .-~

@\
|
(
| L

Haptista

Cryptophyt

Cryptista

2 Euglena longa

Metamonada bj
Trypanosoma
Discoba
Euglena gracilis

N, OF
------- Malawimonada
Excavates



Reduktivni evoluce







Density of gold particles

(no. per um?)

500

400

300+

200+

100¢

0 Double CWOSO!
membraned
structures

110
100

Profile diameter (nm)

20
10

90¢
80
70t
60
50t
40
30}

v

Q

m Cryosections
Epoxy resin

Y%



Rickeltlsia

Arabidopsis

- Plasmodium
o Homo

'\ — C. reinhardtii

Marchantia ~ © S:pombe
o C. eugametos

Jakoba © (chondrus

O Reclinomonas Q Phytophthora
— O chromonas

O Acanthamoeba

O Allomyces

O Prototheca
Tetrahymena



mitochondrion MRO

Transition to anaerobic metabolism
Loss of cristae
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Dychaci fetézec u chromeridu

C Vitrella brassicaformis

dh-Oro Oro G3P

\___A

DHAP

suc
Matrix

ADP ATP

d Chromera velia o-lac/NAD  pyr/NADH

dh-Oro Oro G3P DHAP

AOX

ADP ATP

Flegontov et al., 2015; Obornik & Lukes 2015



e Non-canonical
genetic code:
UGA=W

(also in coccidia)

* Split genes for key
photosystem Chromera velia
proteins: - ~120000 bp
psaA, atpB o
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* much smaller
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Janouskovec et al., 2010



absence konoidu
v nepohyblivych stadiich

proteiny podilejici se na interakcich
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”
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pro syntézu ALA

0

ztrata fotosyntézy

ztrata plastidu
ztraty
zisky

ooD-

terciarni
endosymbioza

sekundarni endo- \
symbiéza s ruducho

primarné heterotrofni
predek

\-{ematodinium [@)

é

— chrompodelidi vytrusovci
= .
R {rasmocin) asymetrické ztraty: vice u rodi Plasmo-
'% Colpodella dizérmé a Bgdbegil:a (kr’evm’ s;zecialistl_é), )
2 )| méné u rodu Toxoplasma (generalista
- LS Cryptosporidium - -
< (o8 Piroplasmida P
3 & T onoid chybi
£ Q gregariny s u véech stadii
>
=|' )
2 &
>
2| Chromera
3 Alphamonas
R4
(]
'g. klouzavy pohyb; -
) uzavreny konoid; tyfi
= / Vitrella 4| rhoptriové proteiny Toxoplasma
oﬁ_ ¥/ Ysyntéza puring, sterold, aroma-
ztrata konoidu, tickych AMK, kofaktoru; glyoxa-
tvorba zoospor latovy cyklus; pét IFT proteinu;
nekoordinova- nékteré komponenty EMS
i puconin vyména plastidu
erhoptrie a mikronemy; obrnénky I/ ¥ (sériova sekundar-
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Dalsi zkratky uvedeny v textu
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; funkce pfedchidce mitochondrie
(hostitel) ﬂ (fakultativné anaerobni
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pIné funk¢ni hostitel
(anaerobni) ziskani fakultativné anaerobniho symbionta
redundantni s prospésnou funkci (oxidativni fosforylace)
funkce

ztrata redundantml prospésna funkce se stava v aerobnich

funkce hostitele | podminkach nezbytnou

s nezbytnou funci

hostitel zavisly mitochondrialni symbiont
na endosymbiontovi s prospésnou a nezbytnou funci
(Fe-S klastry)
hostitel zavisly na

hostitel zavisly na
endosymbiontovi
/ endosymbiontovi
hostitel zavisly na \ /ﬁTzé\chrana
endosymbiontovi

i\ ) ztrata mitochondrialniho
—\ endosymbionta

eukaryot nezavisly
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\ D mitochondrialni symbiont
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pfedek plastidu
(endosymbiont)

pIné funk&ni hostitel

ziskani symbionta
s prospésnou funkci
(fotosyntéza)

redundantnl
funkce

ztrata redundantm\L

funkce hostilele pristup ke svétlu

hostitel zavisly symbiont s propésnou
na endosymbiontovi a nezbytnou funkci

\L ztrata prospésné funkce

(fotosyntézy) z plastidu
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