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VI. Jaxe viry vyvijeji

Evoluce a puvod (nejen) rostlinnych virt
(+ kratké srovnani s ZivoCisSnymi viry)
00 00

* Motory virové evoluce * *
— mutace, rekombinace, reassortment

* Jak viry ovliviuji svét
— jak vznikaji nové viry
— zlodéji a paseraci

— endogenni viry
— viry v lidském genomu

+ trocha pfikladl
(od vSeho trochu)




&3 Motory virove evoluce g

Zmeény jednotlivych
pismenek

Vymény vétSich bloku

Vymeény jednotlivych segmentu

U vird s genomem ve
vice segmentech (viz
prfednaska |I.)



VI. Jaxe viry vyvijeji

* Motory virové evoluce 60 50
— mutace, rekombinace, reassortment

* Jak viry ovliviuji svét
— jak vznikaji pandemie
— zlodegji a paseraci
— endogenni viry

+ trocha pfrikladu
(od vSeho trochu)




Motory virove evoluce

Mutace I'

ATGTTAGAAGTTACTACTGATTGT

vliv nejen v genech, zamena: ATGTTAGTAGTTACTACTGATTGT
§" “obtastechi zaména;  ATGTTATAAGTTACTACTGATTGT

delece:  ATGTTIIGAAGTTACTACTGATTGT

- chybou polymerazy pri kopirovani genomu viru
- CastéjSi u RNA viry (virova RdRP: 10 mutaci DADP: 10° mutaci) =>

a) RNA-viry kratsSi genomy nez DNA viry
b) RNA-viry vice proménlivé d



Motory virove evoluce Mutace a proteiny

ATGTTAGAAGTTACTACTGATTGT
Mutace

zaména. ATGTTAGTAGTTACTACTGATTGT
zaména:  ATGTTATAAGTTACTACTGATTGT
delece:  ATGTTJGAAGTTACTACTGATTGT

trochu jina

% konformace

proteinu!
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Motory virove evoluce Mutace a proteiny

ATGTTAGAAGTTACTACTGATTGT
zaména. ATGTTAGTAGTTACTACTGATTGT
zaména:  ATGTTATAAGTTACTACTGATTGT
delece:  ATGTTJGAAGTTACTACTGATTGT

Mutace

G @A GTT ACT ACT GAT TGT

HoO - S




Motory virove evoluce Mutace a proteiny

M uta ce ATGTTAGAAGTTACTACTGATTGT
zaména: ATGTTAGTAGTTACTACTGATTGT

zaména:  ATGTTATAAGTTACTACTGATTGT
delece:  ATGTTJGAAGTTACTACTGATTGT

ATG TTA/IGAA (GTT/IACT ACT/(GAT TGT B %




Motory virove evoluce Mutace a proteiny

M uta ce ATGTTAGAAGTTACTACTGATTGT
zaména: ATGTTAGTAGTTACTACTGATTGT

zaména:  ATGTTATAAGTTACTACTGATTGT
delece:  ATGTTJGAAGTTACTACTGATTGT

ATG TTA/IGAA (GTT/IACT ACT/(GAT TGT B %




Motory virove evoluce ' Mutace obecné

selekeéni tlak

bottineck effekt
(efekt hrdla lahve)

vyrazna redukce
velikosti populace a
jeji variability

diky vnéjSim vlivim

~
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adaptivni mutace
(na nového hostitele)



VI. Jaxe viry vyvijeji

* Motory virové evoluce 60 60
— mutace, rekombinace, reassortment

* Jak viry ovliviuji svét
— jak vznikaji nové viry
— zlodegji a paseraci
— endogenni viry
— viry v lidském genomu

+ trocha pfrikladu
(od vSeho trochu)




Motory virove evoluce

Rekombinace Pri souCasné infekci jedné bunky vice viry

s
s

vzajemna rekombinace nebo l

“template switching” (polymeraza)

Muze vzniknout / zachovat se klidné i jen jeden rekombinant....



Motory virove evoluce

Rekombinace

Luteovirus

s N S

Enamovirus

l Rekombinace

Luteovirus - RCaV

i I N S E—




Motory virove evoluce

Rekombinace .

USA
USA

USA

Argentina

CR




Motory virove evoluce

Rekombinace
citrus tristeza virus §7.5% CE— 92 5% D /4% G 87.3% CEN—
(+)ssRNA 7.5% 5.0% D 2.5% G 7.7% CE—
2.5% Qu— 25%0C I 7.5 % G 2.5% Cum—
2.5% oD 2.5% G

B
* mapa rekombinaci &
* zména variability po Grafting_ aphid

zmene hostitele
(roubovanim) a po
prenosu msici

Citron Sweet orange Sweet orange Sweet orange




Motory virove evoluce

Nanoviry

Rekombinace 1999
“’* Calicivirus

(ssRNA)

‘l ‘. ’ ss
: " o i‘l nd RNA-binding

. o> Nanovirus _— ) Retrovirus?

L Y (ssDNA) BT
.
- 4’
- — - Nanovirus
Rep Circovirus (ssDNA) (ssDNA)
(5sDNA) I

Rep RNA-binding

Nanovirus

Circovirus — novy druh
viru vznikly rekombinaci

Calicivirus
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Motory virove evoluce

Reassortment (‘preusporadani”) pfi infekci jedné buriky dvéma rlznymi viry
+ -
chiipka 1 chipka 2 jedna z moznych variant

- viry s takto “nakombinovanym” genomem se vétSinou mnozi hife nez jejich “rodice”
(menSi fitness)

- nejen chripka, ale také dalSi viry se segmentovanym genomem (napf. llarviry,
Nanoviry, Geminiviry, ... - viz prednasky I. a Il.)



VI. Jaxe viry vyvijeji

* Motory virové evoluce 60 60
— mutace, rekombinace, reassortment
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Jak vznikaji nove viry

Initial
infection

Non-competitive
variants

>

Generation Selection Variants with a
of variation pressure or competitive or
genetic drift random advantage
Mutation = "N 6 0 0 g 0 e S W
Y o\
\\VAVA 2
NN
WENLAILS
B
Reassortment
RO W )
I\ | > % — —» NEN
AN
N
Recombination
N NN : -
NN ' '
bV 2% 0 W a N
AVaNE é é b VRN -

New cycle of infection

New genetic features
New strains
New species

New biological properties
Host range
Symptoms
Resistance breaking
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Viry - zlodeéji a paseraci

retroviry a fada dalSich viru

herpesviry, bakteriofagy
k ziskani genu se i
nemusi integrovat!

o ¥y
g ?
S, PRl D
Rt
- o) T
R 7} =
SRR AL
g, s
. T r‘
DNA i RNA e




Bakterie: geny pro vyrobu jedovatych latek.

shiga-toxiny E.coli
nektere toxiny Vibrio cholerae
nékteré toxiny Clostridium botulinum

DocCasné — jen po dobu infekce!

Sinice: geny fotosystéemu Il

5% svetove
Ndukce O, .
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Rada virti pasueje geny i mezi
jednotlivymi hostiteli

* spolu s bakteriemi
* nékdy CasteCné i samotni hostitelé
(napf. parazitické rostliny)

* viry => podil na evoluci vseho zivého

(a)

\(ﬁﬁ‘ bk

(b)

Podil i na vzniku |“
eukaryotického
jadra..?!

e = Qo

Do = o

Current Opinion in Microbiology




Viry - zlodeéji a paseraci

“Sd’l 79y . @ Arthropod
ilené” geny mezi -
. L4 L v r - L]
rostlinnymi a dalSimi viry O tird
© Fish
. Plant
o = t h b z h 7 @ Mammal
Casio houbove, nmyZi
O Other (unknown)
r r L 14
* tak tatni hostitelé!
aké ostatni hostitelé! B
Foreground
Viral families and genera colour
1 Amalgaviridae Crustavirus 13 Dicistroviridae
2 Quadriviridae Wastrivirus Iﬂavfridgt_z
Botybirnavirus T Aspiviridae Mamr:sv?rrdae
" i Secoviridae
3 PFartitiviridae 8 Phenuiviridae Bacillarnavirus iinciasited
4 Endornaviridae 9 Tospoviridae Labyrnavirus classine
- n
5 Reoviridae 10 Fimoviridae 14 Potyviridae sequences
6 Bornaviridae Peribunyaviridae 15 Papanivirus
Mymonaviridae 11 Caulimoviridae 16 Benyviridae Back d
ggu;nc;wr_rdse 12 AIphuﬂe_xi_w'_ridue 17 Aumaivirus ackgroun
S S Betaflexiviridae colour
Anphevirus Gammaflexiviridae 18 Narnaviridae
Arlivirus Deltaflexiviridae 19 Virtovirus Baltimore classification
Chengtivirus
20 Bromoviridae 25 Nodaviridae e
Closteroviridae fo i
Virgaviridae 26 Sinaivirus ssRNA-
Blunervirus 27 Alphatetraviridae
Cilevirus Carmorelravirg’dlue ssRNA+
Higrevirus Permutotetraviridae
ldueow:ral.ls 28 Cyclovirus dsDNA
21 Tymoviridae 29 Alphasatellitidae
22  Luteovirid, Circovirus
Solemoviridae Nanoviridae sshA
Tombusviridae 30 CGeminiviridae
23 Ourmiavirus Genomoviridae RT-dsDNA

24 Alvernaviridae 31 Tolecusatellitidae
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Endogenni viry | e

b) pararetroviry (pouze RT)
c) Herpesviry
d) dalsi viry

HBV
viry pfibuzné
dal$i DNA i * rostlinné virim oparu

RNA viry * zivoCiSné

sssssss

* rostlinné caulimoviry
& * Zivocisné viry pribuzné
Herpes Simplex Virus HBV

- ostatni = nepotfebuiji, integrace pfileZitostna



Endogenni viry

Retroviry N
* integrace HIV ale vétsinou v imunitnich bunkach ’ '; :
=> neprenasi se do dalSi generace X
HIV a
Pararetroviry nemaiji integrazu, integrace patrné mechanizmy rekombinace spol.
a bunécné DNA-reparace
=
Caulimoviry Hepadnaviry ~ * integrace HBV vetsinou v jaternich
bunkach => neprenasi se na dalsi
rostlinné viry generace. —
neintegrované = mini- e Ptaéi “HBV” a hadi “HBV” ale ano!
chromozomy v jadre (s . LiEang
histony) * neintegrovany HBV = perzistentni
35S promotor CaMV' chronicka infekce
Caulifiower mosaic virus * integrovany HBV = transformujici

infekce



Endogenni viry - CaMV s

w

Zivotni cyklus (prehled

@ CaMV

Aphid-mediated

minichromozomy v jadre

.'II
h ALY,
5

nuklearni lokaliza¢ni signal CP

pregenomic 358 RNA

Trans-activation

Electron-lucent
viraploem

Systemic spread

TAV-dependent reinitiation

(transaktivace)

i CaMv
; @~




- CaMV

I Viry

V 4

Endogenn

Endogenni CaMV:




Dalsi endogenni viry g

gen pro kapsidovy protein
(CP) viru PVY v genomech
vinné révy a tabaku

Potato virus Y (PVY)



Dalsi endogenni viry g

Partitivirus-like sekvence:

rostlinné partitiviry
houbové partitiviry
rostlinné genomy

Capsid protein

Genomic dsRNA

RdRpolymerase

T=2*

S5egment 1 =

RNA dependent RMA polymerase

(3.5 kb)

segment2 — [

(3.2 kb)

APCLS1_Col-0 At3g18485 (Lr2)

|
:a:";rca"ﬂsltiviws on e MPCLS1_Shokei ABB09326
. magt 2 repap o kg APCLS1 24 ABS76168

ot Esr & cwflg AIPCLS1 No-0 AB576169

AaPCLS1A ABG0S32T
AaPCLS1B ABB09328
CrPCLS1 ABSTE1T1
: CbPCLS1 AB576172
OkPCLS1C ABS09329
OkPCLS1A ABSTE173
oy OpPCLS1A ABSTE1T74
Festuca_EST contig
MgPCLS1 mg022475m
RnPV2-W57 CP
SsPV-S CP ACT55330
CPCV CP CAQS53730
SpPCLS5 PGSCO003DMS000001253
StPCLSS5 ABB0933T
SIPCLS5 AB609338
NtPCLS5-1 contig-1
RSCV1 CP ABA46B19
BrPCLS5_Cc ABB02333
BrPCLSS_tu ABB0O334
BnPCLS5 ABB09335
BoPCLSS ABB09336
— b RSCV1 dSRNAZ ABXTO6TS
WCCW1 CP AAL14889
L VCV CP AAX30024
o CaCV1 CP ACL93279
BCV1 CP ACAB1390
™ 2nf@ BIPCLS4_Cc ABB09330
% BoPCLS4 ABE0D332
BnPCLS4 ABB09331
| @ACD-PY CP CAGTTE03
CCRS-PV CP CAHO3669
HelRV3-ecl CP ACO37246
l— e FvBV CP BAHS56482

BCV2 dsRNA1 CP ADP24756
BCV2 dsRNA3 CP ADP24758
RSCV3 CP ACJ76982
MdPCLT wgsACYMO1118643

: FCCV dsRNAZ CP ABCT 3696
I_I ERUEV dsRNAZ CP ABZ10946
MePCLZ .1_029961m.g

RSCV2 dsRNA2 CP ABB04856

FCCV dsRNA3 CP ABCT3695

RoCV dsRNAZ CP ABZ10947

RSCV2 dsRNA3 CP ABB04857
SbPCLS wgsABXCO1001628

06



Endogenni viry

Human (Moo sapiens)

e (Macacs ]
Baboon (Papée hamadnras)
Marmoset (Callithrx jecchus)

[ Tarsirs sy

o 3

TIPS

lemur (Mic
Bush baby (Ofofenma: gavethi)

Tree = I Tugarisr P T

Ll Mes

Reat [ FIONAEgIcas) R —
Kangaroo rat (Do ordi)

pig {Cawa porcelus)
TLS (Spermophius fridecemineatudl
Pika (Ochotoms prnceps)

(L=l

Dodphin [ Tirsioes rencates)
Pig (Sus scrofa)

Cow (Bos trunrs)

Alpaca (Vicugna pacos)

tﬂ s
_
=

H (Equues cabairs)

Dog (Canis fammiVaris)

Panda (Ailvropoda melamshaucal
Cat (Falis calus)

Flying fox {(Fleropuws vaumpyrush

Carnivora

]

Litthe bat (Myotis krcifugus)
Shrew (Sorex armmers)

=
(s |

Sloth (Chaloepus hoffmamnd)

~ {Dasypus
Elephant (Loxodonta africana)

Mesozoic Cenozoic
i 160 ao 61’3 4‘(} 20
r [ e
3 = b= B Borma- (W)
68 £ Borma- (GF)
Borrra- (NE) [=]
Circo- (Rep) 30

B Parnvo- (NST)
m Beorna- (L)
m Fito- (NP}

Hyrax (Procavia copensis) 8]

Tenrec (Echinaps fedlmin i

o » * H ﬂ

il e - = ! E . ! =

= [ Cwmith Firg ' Marsupials
. MYA O Endogenous

O Exogencus

ODBOCKA ¢&. 1

Endogenni viry
najdeme u vSech
organizmd..!

Endogenni viry
(non-retro!)

DNA i RNA viry



Endogenni viry iossoaesz

Viry v lidském genomu skakajici sobecké kousky DNA (transpozony,
retrotranspozony) ~ 42%

(retro)viry ~ 8%

X
/ \ kodujici kousky gent 1.5 %

2 metry DNA v lidské bunce

(1 m od kazdého rodice) genovy “odpad” 26-27 %
(introny)

V lidském téle je asi 3 bilibny bunék s jadrem (a DNA), dalSich cca 27 miliénu tvofi bezjaderné
bunky (Cervené krvinky, krevni destiCky, ...) - DNA z 1 €lovéka by sahala od Slunce az za Pluto.
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Jak viry vznikly?

FProteocbacteria, Plants, Animals, e
Acidobacteria, Protista. Fungi and IRV s
Actinobhacterna and others athars Crenarcheota, Thaumarcheota '

@
Archaea

E _#"F- '-\..:
Bacteria |miochondria el
chloroplasts -'1,

domains and
major phyla

differentiation,
last common ancestors

(ruca | Vznik bunék




Jak viry vznikly?

/ e a® . .
O L S, Soucasné predstavy
% Ry S e o“evolu¢niho stromu*

Pofydnuwrldﬂ?.
\ (Bracewvirus)
virid Pithowvirus “,

y viru
\M__ __,/

| Asforviridoe

l'rid-o-viﬁ'dae = -
B Poxviridoe Ascoviridoe B = \
C- m N ? W Herpesviridoe
/ Megavirales e enennmannmmmeememe T -

® Malocoherpesviridaoe m Alloherpesviridoe
W Cytoplasmic
= Virophages _—¥ plasmids Bidnaviridae (ssDNA) ®
4
POLINTOVIRUSES/ i [ i
C POLINTONS Adenoviridoe m | HERPESVIRALES
m®m Mitochondrial
plosmids =
= Animals Tectiviridae Caudovirales
® Plants =
= Fungi @
Protists
‘-f’ o O Te— I
0 T T E——
. e o L O 5 -
» @ ¢ 5 = ©® @ L
p. » % O — T o
@ A~ TN ‘ &




Jak viry vznikly?

MONONEGAVIRALES m =

m Arenaviridoe rm Lo R

Ophioviridoe m TYMOVIRALES = =

| Orthomyxoviridae Bromoviridoe m
= B Bunyoviridae m®m - Endornaviridoe (ds) Closteroviridoe m vl
TSI g
. Virgaviridoe m PICORNAVIRALES mm
s T | m Hepeviridoe e
Megative-strand | irni e [ds)m ) S
o5 v | Caoliciviridoe m o
RMA viruses | () mTogaviridoe % Tetravirideem [cpy) ™ Fobrinidas Totiviridoe (ds) m €|
A <. ow Nodaviridos B » Quodriviridoe (ds) =
1l FP A (Cii FP) " : : o
5 Pro “lphgvlm_like m Hypoviridoe (ds) Chrysoviridae (ds)m
- g . superfamily - Astroviridoe Megabimaviridoe (ds) m
A SaH] W Luteoviridoe Partitiviridae (ds) m m
Q W Flaviviridoe Tombusviridae m = fgavinidas facm
B acies o Picobirnaviridae (ds) m
" Flavivirus-like gt e ‘Picornavirus-like
. superfamily ‘\ /" superfamily
# Ancestral 2
=™ Fungi W Ourmicvires .
Profists = R
Evkaryogenesis | I larnidilon o e
Leviviridoe
(1
@ o

. [Pf:kanroﬂ: vi;f_s] :

Soucasné predstavy
o“evolucniho stromu*“
viru

Evoluce virt — ssRNA viru
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