Mimojaderné genetickeé
elementy

Genom plastidd a mitochondrii

Transformace plastidu



Genom plastidia
mitochondrii

plvod plastidt a mitochondrii a jejich
funkce

struktura, replikace a exprese
genomu organel

introny v rostlinném genomu
vztah mezi jadrem a organelami
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Formy plastidu 3

1. Proplastidy - precursory vsech plastidd, v mladych
meristémech

2. Amyloplasty - obsahuji skrobova zrna, bez pigmentu
3. Leukoplasty - bezbarvé, produkce monoterpent

3. Etioplasty - vznik ve tme, v bilych nebo naZloutlych
etiolovanych listech, koFenech

4. Chloroplasty - v zelenych pletivech, obsahuji chlorofyl,
fotosynéza

5. Chromo - obsahuji karoteny a xantofyly, ve
zralém ovoci a zeleniné, kvétech
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Funkce plastidi 6

fotosyntéza

syntéza skrobu

syntéza mastnych kyselin

syntéza aminokyselin

syntéza pigmentu

syntéza nukleotidu

syntéza nukleovych kyselin, proteind
asimilace sulfatu a nitrata
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vhitrni membradna -
prepdzky (zvétseni
povrchu), obsahuje
slozky dychaciho A mitochondrion Cipmanet saist
retézce a enzymy
tvorby ATP

akumulace energie do

energeticky
b o h aTy C h Inner membrane ——
fos f a’-l-o V?C h VC( Ze b i i e ] Intermembrane space
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Reprodukce mitochondrii
délenim
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Vlastnosti organel

ohranié¢eni dvouvrstevnou membradnou

znac hé autonomni - mnozeni délenim,
vlastni DNA a ribozomy

syntéza vlastnich proteini
stéhovani genu do jadra a jejich postupné
zanikani v genomu organel

stromula plastidd (tubuldrni vybézky)
fuzuji, vyména genetického materidlu

Lucie Perry
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3/ Zné.zprnéni Jjedné z piedstav o evoluci
eukaryotické buriky na zakladé
pnstuppéhn vehlipovani biomembrany,
¢lenéni vnitfniho prostoru, zmnoZovani
genetické vybavy a splyvani bunék —

I chloroplast, 2 jadro, 3 mitochondrie
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Genetika chloroplastu

1. Dédi¢nost zpravidla uniparentdlni (vétsinou z
materské bunky)

nékolik mechanismd, nejasné:

Chlamydomonas, otcovska cpDNA znicena

nekteré vyssi rostliny - otcovské plastidy pri
oplodnéni eliminovany

2. Plastidy maji stejnou DNA v celém organismu
3. Genom uniformni v pribéhu diferenciace

Dvé vyjimky k bodim 2. a 3.
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plosmogamy ,‘

ka ryoqamy
8 plastid fusion

SEXUAL REPRODUCTION

in
Chlamydomonas reinhardtii / zygote

aggregation ..
ZYGOSPORE

germination
Grl::lfglso - (meiosis)
umtonms ;Q) 3

ml"' mt+ mt— mi-
HAPLOID PROGENY (tetrad)
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Acetabularia 14

zelenad rasa, jednobunécnd, zndmy fosilie,
délka stélky 5-10 cm, 1 jddro, 10°
chloroplastl, moznd regenerace z rhizoidu

ve vegetativnim stadiu az 30% chloroplastt
neobsahuje DNA

jadro R
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1
Chloroplastova DNA (cpDNA) .

Obecné vlastnosti:

Ol B W=

o

dsDNA, cirkularni

obsah G-C zpravidla nizsi nez v jadre
velké mnozstvi kopii (~30-100) na plastid
20-40 organel/genom

bez histonl, navazany proteiny (HU),
organizace do nucleoidu

tvori 10-20% celkové DNA v listech

Institute of Experimental Botany, Academy of Sciences of the Czech republic



Relaxovana
cpDNA
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Day 9

Stage 1 Stage 2 Stage 3

Base of Stem Middle of Stem Juvenile Leaf Blade L1
(h)

Oldenburg D.J. and Bendich A.J., 2004 [ ————

tid, alth y onnected fibe
. )
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Chloroplastova
DNA -co v
uc¢ebnici heni

Oldenburg D.J. and Bendich A.J., 2004
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Genome size Inverse

(in kb) duplication
(in kb)
Angiospermae
Nicotiana tabacum 156 25
Spinacia oleracea 150 24
Pelargonium hortorum 217 76
Pisum sativum 120 Not present
Epifragus virginiana 70 22
Oryza sativa 134 21
70 - 200kb -

Pinus Not present

Ginkgo biloba 158 17

MANAL Pteridophyta
vyss | Osmunda cinnamomea
rostliny By

Marchantia polymorpha

1 40 k b Chlorophyta

Codium fragile _ Not present
Chlamydomonas reinhardtii 22
2L A Chlamydomonas moewusii 41

NiZsl
Rhodophyta
(Al kG r'y o) 1' a Cyanophora paradoxa 10

d O 2 O O k b g::yn;?apgmotoma

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



kruhovd molekula DNA
rozdeélena na .long" a . -
.short" oblasti (LSC A Bl
SSC) jedinecnych kopii,
oddéleny IR

Oryza sativa (rice) chloroplast DNA
134,525 bp

rRNA (rrn) geny

L\\ Inverted repeatg Inverted repeaty /

(usporadani v clusterech PLvt P
pripomind usporddani v £. - N =

col)

rekombinace mezi
repeticem (oddéluji LSC a
SSC) vede k prevrdceni
SSC
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Geny cpDNA 21

kéduji asi 100 proteint

Cp geny:
1. Geny genetického aparatu (replikace,
transcripce,translace)

2. Geny fotosyntézy
3. Geny kodujici komplexy tylakoidnich membrdn

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Znovu endosymbioticka teorie

22

(a stéhovani gent)

plastidovy genom vysoce konzervovan

vétsina gent endosymbionta vymizela nebo se
staly soucasti jaderného genomu

Rubisco

2 typy intront - vznik chloroplastt predtim nez
prokaryota ztratila introny

Lucie Perry
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nekteré chloroplasty

ziskdny
sekundarneé:
Chromophyta,

Dinoflagellata a

Euglenoida maji 3

nebo 4 membradny
kolem chloroplastu
(vnéjsi, vnitrni, cp)

endosymbidza
eukaryonta

o
/ {E:"

S/

inastion of
aeanalge
losz of andosymbiont
components other
than chleoroplasts

};""}4"3
&

- ¢
tripla membrane /

bound plasbds - ‘%

Yool :I
-

coloress, phagotrophic phatosyrthatic
eudanoid suglencd
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Morsky slimdk Elysia chlorotica

Elysia s aktivnimi
chloroplasty rasy
Vaucheria

Chloroplasty
zUstdvaji aktivni
po dobu 8 mésict

courtesy of Dr. Mary Rumpho
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Morsky slimdk Elysia chlorotica

Elysia chlorotica and Vaucheria litorea. A)
Dorsal view of £. chlorotica. Animals are
typically found in nature as small as 1 or 2 cm
to as large as 6 cm, as shown here. B)
Ventral view of E. chlorotica. C) Two
camouflaged £. chlorotica specimens feeding
on V. litorea. D) Several specimens of £
chlorotica showing the variation in size and
body forms. E) V. /itorea filaments (about 1
to 2 mm diameter). F) Sea slugs are easily
cultured in aquaria containing full-strength
artificial sea water and overhead lighting
at10°C. Non-pigmented eggs are produced in
a mucus mass on the aquaria walls (see
arrow). The eggs serve as a source of pure
animal DNA since no plastids are found in the

eggs.

Rumpho M. et al., 2000
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Caulerpa taxifolia
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27/
DNA mitochondrii (mt DNA)

vétsinou kruhova

bez histonu

maly pocet kopii na organelu

dédi¢nost vétsinou uniparentdlni

- konifery: od obou rodi¢u

- Angiosperms : materskd (stejné jako cpDNA)

- Chlamydomonas. minus (-) (cpDNA dédéna od
rodic¢ovské buriky +)

Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Velikost genomu mitochondrii

S. cerevisiae 84 kb

* savci 16 kb

» produkty podobné

- ekonomizace v prubéhu evoluce?
* rasy X vyssi rostliny

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Mitochondrial DNA from different organisms

Number of base-pairs

Number of different
molecules per organclle

HIGHER PLANTS
Brassica ssp.

Maize

Muskmelon
ALGAE
Chlamydomonas

FUNGI
Podospora anserina

Saccharomyces cerevisiae
OTHERS
Cow and man

Lucie Perry

218 000

570 000

plus a variable number
of plasmid-like DNAs
from 1400-6 000 bp
2400000

16 000 linear

juvenile 95000
senescent 30000 + 2 400
80000

16 600

Institute of Experimental Botany, Academy of Sciences of the Czech republic

3 (circular)
218kb, 135kb, 83kb
7 (circular)
from 570kb-47kb,
up to 4 (circular or
linear)

1

I (circular)
2 (circular)
1 (circular)

1 (circular)




kukurice (Zea mays):
nekolik kruhovych
molekul:

.master” molekula 570
kb a subgenomické
kruhové molekuly
odvozené od ,master"

subgenomické kruhové
molekuly odvozené od
.master” vznikaji
rekombinaci v oblasti

, , The location and orientation of six repeated DNA sequences (the 1, 2. 3, 10, 13 and 14 kilobase
" 1 repeats) are shown, together with the positions of the integrated S1 (sometimes called R1) and
prlmyCh r‘epeTIC S2 DNA sequences. Subgenomic molecules are generated from the master circle of 570
kilobase-pairs by recombination across the repeated sequences. Examples shown are for
recombination across the 12- and 3-kilobase repeats. After Bailey-Serres (1987).
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Exprese chloroplastového
genomu

vétsinou usporddani do operont - kotranskripce

plastidy vysSich rostlin asi 30 transkripcnich jednotek (vymezeny
promotorem a terminatorem)

subgenomické kruhové molekuly odvozené od ..master” vznikaji
rekombinaci v oblasti primych repetic

promotory - podobné bakteridlnim (sekvence -10 a -35, dilezita
jejich vzddlenost)

MRNA neni modifikovana ¢epickou ani polyadenylovdna

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



Exprese 32
mitochondridalniho
genomu

MRNA neni modifikovana ¢epickou ani polyadenylovdna
transkripty .editovany"

‘RNA Editing
-Objeven u mitochondrii Trypanozomy

-Casty u rostlinnych mitochondrif, také u nékterych
chloroplastovych gent vyssich rostlin

-Definice: jakykoli proces (kromé sestrihu), ktery
zplsobi zménu RNA odlisnou od komplementdrni
sekvence DNA

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic



1. Vétsina transkripti editovana

2. Preména zejména C na U

3. Preferencni editace kodujicich oblasti

4. Nékteré transkripty editovany nekompletné

preména € na U

cytosin deamindza
nebo vyména
(odstranént)
nukleotidové baze

Lucie Kfizkova Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Introny organel

-Stejny gen v ruznych organismech muze mit
rdzné introny ve stejné pozici

*Stejné nebo podobné introny nachdzeny v
nepribuznych genech a organismech.

‘Neobvykld distribuce a fylogeneticka analyza
potvrzuji, Ze byly ziskdvany a ztraceny v celém
pribéhu evoluce

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Fig. 1. Mechanism of splicing by Group I introns. The brackets
indicate intermediates, which are held together non-covalently.
The reader is referred to the text for further details. E1, E2, exons;
IVS intervening sequence or intron; G,,, guanosine nucleotide;
L-IVS, linear free intron; C-IVS, cyclized intron lacking one or
more nucleotides at the 5" end.
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A cis-splicing | B trans-splicing

4

A
-0&/’@ Fig. 4. Mechanisms of splicing by group II introns in vitro. The

first step of group Il autocatalytic splicing involves a nucleophilic
attack on the exon 1 - intron junction by the 2" OH of the A
nucleotide at the branch site (trans-esterification). The second
reaction proceeds by the nucleophilic attack on the intron -
exon 2 junction by the free 3° OH at the end of exon 1, yielding
the ligated exons and the free intron. In cis-splicing (panel A) the
intron product is a lariat, but in the case of trans-splicing (split

intron, panel B), the intron is excised as a branched, Y -shaped
molecule. Hatched bars (E1, E2): exons; white ribbon: intron.

El E2 El E2

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Trans - splicing

Nékteré cp RNA vznikaji pomoci :
splicing:

- spojeni odlisnych molekul RNA

- zachovani organizace intron-exon

- introny I1

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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TranskripCni regulace exprese
u chloroplastt

1. celkova
- i.e., exprese vétsiny genl se zvysuje / snizuje
ve stejném okamziku
- napr.: celkovd mira transkripce se zvétsuje pri
.Zelendni", snizuje pri preméné chloroplast -->
chromoplast
2. genové specificka regulace
- psbD/psbC promotor reaguje na svetlo

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Jaderna kontrola exprese
chloroplastové DNA

Geneticke studie potvrdily potencidl pro
jadernou kontrolu chloroplastovych gend

Mendelovske (jaderné) mutanty defek‘rm ve
vyvoji Ci funkci plas’ndu neexprimuyji
specifické cp - kédované geny

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Retrograde signaling pathways

sighdly od plastidu smérem k jadru ,zasahuji"
promotorové elementy, které se ucastni odpovédi na
svetlo

hezbytne pro odpovéd' rostliny na menici se a Casto

stresové VneJSI pr'os’rr'edl (jaderné geny pro proteiny
fotosyntézy exprimovany slabé pri Spatném vyvoji nebo poskozeni
plastidl)

signal?
- prekurzor biosyntézy chlorofylu
- funkcni plastidovd genovd exprese (pri prechodu
Z heterotrofie na autotrofii)

- komponenty elektronového transportu
fotosyntézy

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Transformace plastidového genomu

Comparison of the nuclear and plastid genomes of
angiosperms

Two copies of eactt of many chromosomes: the number of chromosomes per ~ bl copies o a single curcular chromosor
diploid cell is species-specific per plastid
- 50-60 chloroplasts per cell

Genes per chromosome Could be thousands ~120-150

Arrangement and transeniption  Fach gene is separate and is transeribed individually Many genes are n operons and arc
T transcribed together

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Transformace plastidového genomu
Introducing genes into nuclear and plastid genomes

usertion of loragn
DMA mto genome

lranseription of
introduced genes

Current lumtations

Seuciear gonome
Jrected; mulliple inscrinons arc GO .

Alfected by the promoter, the type of cell and the site of insetion of
the gene into the genome. Each imroduced gene is expressed
wedividually.

The level of eapression of an mtroduced gene is unpredictable.

Each gene in 2 set required lor a new multigenic trait or biosynihetic
pathway may have Lo introduced separately and sequentially. The
level of expression of each separately introduced gene is
unpredictable.

Alfected by the promoter. the tvpe ol plastid and the tvpe of cell.
The location on the chromaosome is not known 1o afliect
transeriptien. A sel of genes could be intreduced as an vperon or :
individual transcription units.

Obtaimng homoplasmic translormed strains can be difficult: the
devlopment of casier new methods will be important. Altermativels
meethod s are needed to retain transgensis) in the presence of
untransformed plastid chiromesemes,

To date, tobaceo is the only erop in which fertile plants with plastic
transgenes have been described. Reports on other crops are
promising,

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic



Table 1. The prion diseases.

{PRIVATE}
Disease Mechanism of pathogenesis

Human diseases

Kuru (Fore people) Infection through ritualistic cannibalism

Infection from prion-contaminated HGH, dura mater
grafts, and so forth

Variant Creutzfeldt-Jakob disease Infection from bovine prions?

Familial Creutzfeldt-Jakob disease Germline mutations in PrP gene
Gerstmann-Striussler-Scheinker disease ~ Germline mutations in PrP gene

Fatal familial insomnia Germline mutation in PrP gene (D178N and M129)
Somatic mutation or spontaneous conversion of PrP¢
into PrP>*?

Iatrogenic Creutzfeldt-Jakob disease

Sporadic Creutzfeldt-Jakob disease

Animal diseases
Scrapie (sheep) Infection in genetically susceptible sheep
Bovine spongiform encephalopathy (cattle) Infection with prion-contaminated MBM
Transmissible mink encephalopathy (mink) Infection with prions from sheep or cattle
Chronic wasting disease (mule deer, elk)  Unknown

Feline spongiform encephalopathy (cats)  Infection with prion-contaminated MBM
Exotic ungulate encephalopathy (greater

_ Infection with prion-contaminated MBM
kudu, nyala, oryx)

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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scrapie a BSE

Konverze normdlniho buné&ného (cellular) proteinu PrP¢ na PrP>¢
(izoforma zplsobujici onemocnéni ,scrapie")

& shizeni obsahu a-helixl a zvyseni p-sheet

& infekéni agens (..Spatny” prion) neindukuje tvorbu protildtky
proti prionovému proteinu - pravdépodobné proto, Ze md
stejné sloZeni jako normdlni protein

& zmeéna solubility (PrP¢ rozpustny v nedenaturacnich
detergentech x PrP>¢)

& zména degradovatelnosti protedzami (Pr°¢ degradovan,

PrP>¢ jen ¢dstecné)

Lucie Perry Institute of Experimental Botany, Academy of Sciences of the Czech republic
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Priony a
spongiformni
encephalopatie

Prion: ,proteinaceous
infectious particle”

Prusiner S., 1997

Lucie Perry

Institute of Experimental Botany, Academy of Sciences of the Czech republic
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