CG020 Genomika
Prednaska 8

Struktura a organizace genomu

Markéta Pernisova

Funkéni genomika a proteomika, NCBR
Prirodovédecka fakulta, Masarykova univerzita, Brno

pernisov@sci.muni.cz

~ VERS, INVESTICE DO ROZVOJE VZDELAVANI
° Q ®,
2 Wr . : Tato prezentace je spolufinancovana
** x X 7
MIT

Evropskym socialnim fondem
. JISTERSTVO $KOLSTVI OP Vzdslavani N o ; S .
EVROPSKA UNIE i’ ILADEZE A TELOVYCHOV pro konkurenceschopnost ANA ® a statnim rozpoétem Ceské republiky

\b‘dSV"V

_}\~
¢,
4’5\13\8


mailto:hejatko@sci.muni.cz

Osnova

Eukaryoticky jaderny genom
Genomy prokaryot a eukaryotickych organel
Genomy viru a mobilni elementy

Internetove zdroje

Literatura




GENOM

Genom — soubor genetické informace organizmu

- biologicka informace k sestaveni a preziti zivého jedince
* eukaryoticky
» prokaryoticky
* Viry

Protein
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nukleoid chromozomy v jadre
plazmidy mitochondrie

+ chloroplasty



EUKARYOTICKY JADERNY GENOM

= sada linearnich molekul DNA, bez vyjimky,
minimalne dve




STRUKTURA CHROMOZOMU

DNA + histony = nukleozom
« 140-150 bp

* linker: 50-70 bp

* + spojovaci histony

H2A y
H2B
H3
H4

2X

,koralkova“ forma chromatinu
— 11 nm

short region of /\'\//\\//\’\//&\//\,\// [

DNA double helix / ?lnm
‘ T

“beads-on-a-string” ‘\/ ~ Mnm

form of chromatin 3



STRUKTURA CHROMOZOMU

30 nm chromatinové vlakno therotoaaed
interfazni chromozomy

(A) The solenoid (B) The helical
model ribbon model

» nekolik teorii, 2 modely:

« solenoidovy model — pouze
spojovaci histony (napfr. H1)

 helikalni model — spojovaci
histony + konce histonu
tvoficich jadro nukleozomu —
chemické modifikace koncu
histonu oteviraji 30 nm vlakno




STRUKTURA CHROMOZOMU

Kondenzované metafazni chromozomy: 1400 nm

jedna chromatida: 700 nm

ondensed sectio

She (f 26 Jé%., 7{0 -

Centromery, telomery —
repetitivni sekvence

Centromere

Telomere

Chromatid
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METAFAZNi CHROMOZOMY
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NETYPICKE CHROMOZOMY

* Minichromozomy
« kratké, vysoka hustota genu (az 6x)
e napr. kure
» pfistup: ,de novo®, ,top-down”
* B chromozomy
* individualni, nevyskytuji se u celé populace
« fragmenty normalnich chromozomu, zfejmé pozustatek chyb v
prubéhu déleni jadra
* bézneé u rostlin, snizuji zivotaschopnost
* | houby, hmyz, zivoCichové
* Holocentricke chromozomy

* ne jedna centromera, ale nekolik podobnych struktur podel
chromozomu

« napr. Caenorhabditis elegans



ORGANIZACE GENOMU

Human genome
3200 Mb

Intergenic DNA

Genes and gene-related
2000 Mb

sequences 1200 Mb

Exons Related
48 Mb sequences

Other
intergenic

Genome-wide
repeats

1152 Mb 1400 Mb

regions
600 Mb

Gene Microsatellites

LINEs LTR elements
640 Mb 250 Mb
DNA transposons
90 Mb

Various
510 Mb




GENY A PRIBUZNE SEKVENCE

Genes and gene-related
sequences 1200 Mb
Exons Related
48 Mb sequences

1152 Mb

Gene
o e R



GENY
Geny

 UTR — neprekladana oblast genu
 Introny — sestfih
« Exony — funkcni produkty

Genoveé rodiny - skupiny genu se stejnou nebo podobnou
sekvenci

* jednoduché
« vznikly pravdépodobné duplikaci genu

* napr. geny pro lidskou ribozomalni RNA:

« 2000 genu pro 5S rRNA — vSechny v jedné skupiné lokalizované na
chromozomu 1

» 280 kopii genu pro 28S, 5.8S a 18S rRNA — pét skupin po 50-70
kopiich na péti chromozomech

« komplexni
« podobné sekvence (ale ne stejné), odliSné vilastnosti
« napf. savCi globiny — exprimované v ruznych vyvojovych stadiich



ROZLOZENIi GENU NA CHROMOZOMU

 Nehomogenni
« Geny i v centromere, nizSi hustota

Chromozom 1 u Arabidopsis
1(|)£'kb

g be B
TR OO AR 0 T

Pseudocolor
spectra:
E——
High density

38 gent na 100 kb

Low density

1 gen na 100 kb

Clovék: 1-64 gend na 100 kb



PSEUDOGENY

evolucni relikt

« 2 skupiny

« konvencni — vznikly mutaci
» castecné funkéni nebo
nefunkéni

e procesované — odvozené z mRNA

* nemaji introny

 chybi jim regulacni sekvence

pred genem
« nefunkeni

Functional gene

Transcription 1

/ Reverse transcription

DNA

1 Re-integration

Pseudogene Functional gene



FRAGMENTY GENU

- Zkraceneé geny

Genové fragmenty

Functional gene

|
N\
|| | |

Truncated gene Gene fragment



INTERGENOVA DNA

Junk® (= vetes, haraburdi) DNA — neni pravda

Intergenic DNA
2000 Mb

Other
intergenic

Genome-wide
repeats
1400 Mb

regions
600 Mb

Microsatellites
90 Mb
LINEs LTR elements
510 M
640 Mb 250 Mb

SiNEs [ DHA transposons
20 Mb 90 Mb




REPETICE

\Imerspe sIr p G{ ii Chromosome 1
Rozptylené repetice N
* vznikaji transpozici repeated DA

* LINEs (long interspersed nuclear elements) — nad 300 bp
» SINEs (short interspersed nuclear elements) — priblizné 300 bp

Tandemove repetice - satelity
* LTR (long terminal repeat) elementy nebo v centromerach

Minisatelity (,variable number of tandem repeats” - VNTRS)
« Jednotka repetice do 25 bp, délka do 20 kb
» telomery

Mikrosatelity (,simple tandem repeats” - STRS)
 Jednotka repetice do 13 bp, délka do 150 bp
 vznikaji chybami pfi replikaci genomu
* funkce neni znama
« vyuziti: geneticke profilovani




ORGANIZACE LIDSKEHO GENOMU

Human genome
3200 Mb

37,5% 62,5%

Intergenic DNA
2000 Mb

Genes and gene-related
sequences 1200 Mb

Related 260, Genome-wide Other
48 Mb sequences 0 repeats intergenic
1152 Mb 1400 Mb TOrLae 18,75%

1.5%
43.75% pUl Wi

Gene Microsatellites
LINEs LTR elements
640 Mb 250 Mb ALY L
DNA transposons
90 Mb




ORGANIZACE JADERNEHO GENOMU

Lidsky genom — 50 kb

PKP2
4 geny . ——— - — [ —
88 repetic T R g
* LINEs svB1
e SINEsS FLJ10143 25K
+ LTRs R ——C T
e DNA transpozony — e — N . ——————_ NN
7 mikrosate”tﬁ (Z tOhO 4 V ==ﬂzﬁ=ﬁ:m
intronech) w________________
30% nekéduj IICI’ DNA bez Exoc:'el?:"o“ LINE SINE eIeL:lZnt trar?s?)ﬁson genzr‘:h:—:\r:ide snieclli‘i’t-e
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repetic a znamé funkce



ORGANIZACE GENOMU

(A) Human
PKP2 SYB1 FLJ10143

(B) Saccharomyces cerevisiae
GLK1 SRO9 HIS4 FUS1 AGP1 t Ty2 t BUD3

[ T T T T I T T T T | T T T T | T T T T [ T T T T |
0 10 20 30 40 50 kb

0 10 20 30 40 50 kb
(D) Maize Bk <
e e e e ————————
L T T 1 1 [ T T T T 1 T T T T T T 1 — T
0 10 20 30 40 50 kb
LTR DNA Othee
exon intron LINE SINE element transposon gen:»er::;\:nde Microsatellite tRNA gene

... t



ORGANIZACE GENOMU

« C-value paradox (C-value enigma) — velikost genomu
nekoreluje se slozitosti organizmu

Fungi )

Algae [P e eSS i S |

Protozoa R T

Insects e——————————|

Molluscs e

Fish e

Amphibians ————

Reptiles femme]

Birds =

Mammals =
T e 1 T T |

Flowering plants
| | | | | | |

1 10 100 1000 10,000 100,000 1,000,000

Genome size (Mb)



ORGANIZACE GENOMU

* Velikost genomu a pocet genu nekoreluje

Saccharomyces cerevisiae (budding yeast) 12.1 6100
Schizosaccharomyces pombe (fission yeast) 125 4900
Caenorhabditis elegans (nematode worm) 97 19,000
Arabidopsis thaliana (plant) 125 25,500
Drosophila melanogaster (fruit fly) 180 13,600
Oryza sativa (rice) 466 40,000
Gallus gallus (chicken) 1200 20,000-23,000
Homo sapiens (human) 3200 30,000—-40,000




KATALOG GENU

Organizmy se sekvenovanym genomem
Lidsky katalog genu:

Expression, replication

and maintenance

of the genome Signal
transduction

General

g biochemical
Various other b
. o functions of
activities
the cell

co nevycCteme: Co déela Cloveka Clovekem?
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KATALOG GENU

A.thaliana
M C.elegans

B S. cerevisiae
M Fruit fly
B Human

5000

4500 |
4000 |
3500 |
3000
2500 |
2000 |
1500 |

sauab jo Jaquinp

1000



PROKARYOTICKY GENOM



PROKARYOTICKY GENOM

* Prokaryota
* bacteria
 archaea

Plasmids



PROKARYOTICKY GENOM
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OPERON

, , lacz lacY lacA
« laktozovy operon -~
. vyuziti laktdzy N
Lactose permease transports B-galactosidase + transacetylase
lactose into the cell split lactose to galactose + glucose
° try ptOfa n Ovy O pe ro n trpE  trpD trpC trpB trpA
- stejna biochemicka draha \\ | - -
Chorismic acid =) > » Tryptophan

« Methanococcus jannaschii (archea) and Aquifex
aeolicus (bakterie)
* rozdilné funkce

gatC recA pilU cmk pgsA rec)
o —————————— —— — ——————— - .



PLAZMIDY

« dodateCna geneticka informace

« adaptace na podminky prostredi

« zvyhodnéni nositele

« nekteré se vclenuji do hlavniho genomu

Resistance Antibiotic resistance Rbk of Escherichia coli and other bacteria

Fertility Conjugation and DNA transfer between bacteria F of E. coli

Killer Synthesis of toxins that kill other bacteria Col of E. coli, for colicin production

Degradative Enzymes for metabolism of unusual molecules TOL of Pseudomonas putida, for toluene metabolism

Virulence Pathogenicity Ti of Agrobacterium tumefaciens, conferring the ability
to cause crown gall disease on dicotyledonous plants




PROKARYOTICKY GENOM

Escherichia coli K12 One circular molecule 4.639 4405
Vibrio cholerae El Tor N16961 Two circular molecules
Main chromosome 2.961 2770
Megaplasmid 1073 a5
Deinococcus radiodurans R1 Four circular molecules
Chromosome 1 2.649 2633
Chromosome 2 0.412 369
Megaplasmid @747 145
Plasmid 0.046 40
Borrelia burgdorferi B3 1 Seven or eight circular molecules,
eleven linear molecules
Linear chromosome 0.911 853
Circular plasmid cp9 0.009 12
Circular plasmid cp26 0.026 29
Circular plasmid cp32* 0.032 Not known
Linear plasmid Ip17 0.017 25
Linear plasmid [p25 0.024 52
Linear plasmid Ip28-1 0.027 32
Linear plasmid [p28-2 0.030 34
Linear plasmid [p28-3 0.029 41
Linear plasmid [p28-4 0.027 43
Linear plasmid Ip36 0.037 54
Linear plasmid [p38 0.039 52
Linear plasmid Ip54 0.054 76
Linear plasmid Ip56 0.056 Not known




VELIKOST PROKARYOTICKEHO GENOMU

 vétSinou velikost genomu koreluje s poctem genu
« prumeér: 950 genu na 1Mb

Bacteria

Mycoplasma genitalium 0.58 500
Streptococcus pneumoniae 2.16 2300
Vibrio cholerae El Tor N16961 4.03 4000
Mycobacterium tuberculosis H37Rv 4.41 4000
Escherichia coli K12 464 4400
Yersinia pestis CO92 4.65 4100
Pseudomonas aeruginosa PAO1 6.26 5700
Archaea

Methanococcus jannaschii 1.66 1750
Archaeoglobus fulgidus 2.18 2500




PROKARYOTA vs. EUKARYOTA

E.coli
thrB
IS186 IS1 :
thrA 1thrC dnaK | | carB fixA
[ T T T T | T T T T | T T T T | T T T T | T T T T |
0 10 20 30 40 50 kb
e
Gene
=————
Genome-wide
repeat
Clovék

PKP2 SYB FLJ10143 CD27

Other

. LTR DNA enome-wide
exon intron LINE SINE element transposon 9 repeat

e e e t

Microsatellite tRNA gene




PROKARYOTA vs. EUKARYOTA

nukleoid

volne v cytoplazme
plazmidy

kompaktni

vetsina genomu kodujici
sekvence

operony

malo repetitivnich
sekvenci

)
chromozomy %M
®

v jadre

Introny

C-value paradox

vetsina genomu nekodujici
sekvence

velké mnozstvi repetitivnich
sekvenci

mitochodrie a chloroplasty



GENOM ORGANEL



GENOM ORGANEL

endosymbioticka teorie vzniku organel
* volné bakterie
« symbidza s pfedchudci eukaryotickych bunék
* endosymbioza

1 az 100 kopii v jedné mitochondrii

dédicnost — jako jedna kopie ?7??

transfer DNA z organel do jadra i mezi organelami
 Arabidopsis

* mitochondrialni genom obsahuje jadernou DNA i
chloroplastovou

 jaderny genom obsahuje Casti chloroplastoveé i
mitochondrialni DNA

 oObratlovci
» mitochondrialni DNA v jadernem genomu



MITOCHONDRIALNIi GENOM

 cirkularni, ale i linearni (napfr. Chlamidie)

* 1 mitochondrie — 10 identickych molekul = priblizne
8000 v jedné bunce (u Cloveka)

* IRNA, tRNA, proteiny dychaciho retezce, ribozomalni
proteiny, transkripce, translace, transportni proteiny ...

Clovek
Cytb 12S rRNA
ND6 0\ 165 rRNA

16569 bp

colll _—
ATP6 ATPS coll

& Respiratory complex gene
&= Ribosomal RNA gene
- Transfer RNA gene

21SrRNA
=TT

kvasinka

ATPO & W coll

& con

# 9S RNA

. Respiratory complexgene [ Ribosomal proteingene [ Intron
& Ribosomal RNA gene »  Transfer RNA gene @ oOtherRNA gene



CHLOROPLASTOVY GENOM

 vétSina stejna sada priblizné 200 genu
* IRNA, tRNA, ribozomalni proteiny, proteiny spojene s
fotosyntezou ...

8 Photosynthesisgene [ Ribosomal proteingene [l Transfer RNA

S RibosomalRNAgene il RNA polymerase gene i



VELIKOST GENOMU ORGANEL

Mitochondrial genomes

Plasmodium falciparum Protozoan (malaria parasite) 6
Chlamydomonas reinhardtii Creen alga 16
Mus musculus Vertebrate (mouse) 16
|Homo sapiens Vertebrate (human) 17
Metridium senile Invertebrate (sea anemone) 17
Drosophila melanogaster Invertebrate (fruit fly) 19
Chondrus crispus Red alga 26
Aspergillus nidulans Ascomycete fungus 33
Reclinomonas americana Protozoa 69
Saccharomyces cerevisiae Yeast 75
Suillus grisellus Basidiomycete fungus 121
Brassica oleracea Flowering plant (cabbage) 160
|Arabidopsis thaliana Flowering plant (vetch) 367
Zea mays Flowering plant (maize) 570
Cucumis melo Flowering plant (melon) 2500
Chloroplast genomes
Pisum sativum Flowering plant (pea) 120
Marchantia polymorpha Liverwort 121
Oryza sativa Flowering plant (rice) 136
Nicotiana tabacum Flowering plant (tobacco) 156
Chlamydomonas reinhardtii Green alga 195




GENOM VIRU A MOBILNi ELEMENTY




VIROVY GENOM

virus — nukleoproteinova castice
zavislé na hostiteli = parazité — potrebuji ribozomy a
translacni aparat pro syntézu proteinoveho obalu viry

« bakterii: bakteriofagy (fagy)
« eukaryot

Virovy genom Protein Protein Nucleic
« DNA nebo RNA ’
o cirkularni nebo linearni

* ssnebods e o
* segmentovany nebo Nucleic
nesegmentovany acid

Icosahedral Filamentous Head-and-tail

MS2 M13 T4, A



GENOMY FAGU

« pocet genu: 3-200
« prekryvajici se geny
« fagy
* lytické (virulentni), napf. T4
* lyzogenni (mirné), napf. fag A

X174

5386 bases

A Escherichia coli Head-and-tail Double-stranded linear DNA 495 48

0X174 E. coli Icosahedral Single-stranded circular DNA 5.4 11

f6 Pseudomonas Icosahedral Double-stranded segmented 2.9, 4.0, 6.4 13
phaseolicola linear RNA

M13 E. coli Filamentous Single-stranded circular DNA 6.4 10

MS2 E. coli Icosahedral Single-stranded linear RNA 36 2

PM2 Pseudor_nonas Icosahedral Double-stranded linear DNA 10.0 approx. 21
aeruginosa

SPO1 Bacillus subtilis Head-and-tail Double-stranded linear DNA 150 100+

T2, T4, T6 E. coli Head-and-tail Double-stranded linear DNA 166 150+

T7 E coli Head-and-tail Double-stranded linear DNA 39.9 55+




LYTICKA INFEKCE

The lytic infection cycle % Racapitor protai
DNA Bacteriophage T4 A
Protein coat attaches to B
f E. coli bacterium
A -

Phage DNA is injected

= virulentni, produktivni el | Prageona
napr. T4 6" > o
dOChéZl’ k IyZi bunék lTranscripti:::f

phage DNA begins
doba latence — 22 minut

 Cas potrebny k reprodukci
faga phage DNA

*‘

DNA= DNA RNA
l Capsid protein

synthesis
R 2

‘H Y (12
[l =/ min

RNA = Protein
Host cell bursts,
new phage released

¥ o (22

23 min




LYZOGENNI INFEKCE

= mirna, skryta
napr. fag A

okamzité po proniknuti fagove
DNA - integrace viroveho
genomu do genomu hostitele

mistne specifickou
rekombinaci — profag

Indukce excize profaga —
chemicke nebo fyzikalni
faktory — zrejme vazane na

poskozeni DNA

(A) Integration into the host DNA

7’4 Bacteriophage \

E.coli

Integration site '\ f:ci-;pbei:\l:tcion
in E. coli DNA

(B) Excision and synthesis ‘[ Many cell
of new phages

divisions
Excised Induction of
ADNA j prophage

1 Phage gene expression, DNA
replication, capsid synthesis

)
'_’ _o—® New \ phages
_." are released



VIRY EUKARYOT

* genomy variabilni

 DNA, RNA,; ds, ss; cirkularni, linearni; segmentované
nesegmentované

 velikost genomu: 1,5-240 kb

Adenovirus Mammals Double-stranded linear DNA 36.0 30
Hepatitis B Mammals Partly double-stranded circular DNA 32 4
Influenza virus Mammals Single-stranded segmented linear RNA 220 12
Parvovirus Mammals Single-stranded linear DNA 1.6 5
Poliovirus Mammals Single-stranded linear RNA 76 8
Reovirus Mammals Double-stranded segmented linear RNA 225 22
Retroviruses Mammals, birds Single-stranded linear RNA 6.0-9.0 3
SV40 Monkeys Double-stranded circular DNA 5.0 5
Tobacco mosaic virus Plants Single-stranded linear RNA 6.4 6
Vaccinia virus Mammals Double-stranded circular DNA 240 240




VIRY EUKARYOT

kapsid — ikozaedr nebo filamentalni

lipidicka membrana — odvozena z hostitelské bunky
rostlinné viry — vetSinou RNA

lyticka i lyzogenni infekce

priklad: viroveé retroelementy

 retroviry — RNA genom

« pararetroviry — DNA genom Spikes

Membrane

RNA
Capsid protein




RETROVIRY

« genom retroviru — kazdy ze tfi genu koduje
polyproteiny, které jsou po translaci Sstepeny na dva
nebo vice funkénich produktd

gag - proteiny kapsidu (= group antigens)

pol — reverzni transkriptaza, integraza, proteaza

env — proteiny kapsidu (= envelope)

LTR — dulezité regulaéni oblasti pro transkripci a replikaci

LTR gag pol env LTR




RETROVIRY

zaclenéni retrovirového genomu do genomu hostitele

/
I Host

DNA

Viral RNA Viral DNA ,

Retrovirus | Reverse
' Injection || transcription l Integration
i — L
RNA l
Reverse i ‘
transcriptase | ‘
Cytoplasm \ Nucleus



VIRUSOIDY A VIROIDY

 satelitni RNA, virusoid — zejména v rostlinach
* RNA molekula, 320-400 bazi

« satelitni RNA - nekdduje vlastni kapsid, vyuziva genom
pomocneho viru

* virusoid — koduje vlastni kapsid

* Viroid
 RNA molekula, 240-375 bazi, zadné geny, nema kapsid = naha
RNA
 replikace pomoci enzymu hostitele nebo pomocného viru
e g Ch 0 p nost samos est‘r’-i h u Self-catalyzed cleavage of viroid and virusoid RNAs
° Z‘r"ejmé evoluéné SOUViSi Genomes: linked h;ad to tail

lSeIf-cataIyzed cleavage

se sestrihem RNA

Individual linear genomes

lCircuIarization



MOBILNI ELEMENTY



MOBILNi ELEMENTY

e =transpozony
 transpozice — schopnost segmentu DNA presouvat se
v genomu z mista na misto
« konzervativni
 replikativni
* pomoci rekombinace

Conservative Replicative

e — o — . ——




MOBILNi ELEMENTY

 RNA transpozony
* retrotranspozony s LTR
 retrotranspozony bez LTR

 DNA transpozony

Vv prokaryotickych genomech
* InzerCni sekvence (IS)
« Kompozitni transpozony
* Tn3-typ transpozony
« Transpozibilni fagy

* Vv eukaryotickych genomech
* Ac/Ds
e Spm



RETROTRANSPOZONY

» transpozice pres RNA meziprodukt

Retrotransposon
L |

\Transcription

retroviry

Single-stranded f :
RNA | /

\Reverse transcription

BNA e

p | E
Reintegration g\ Cytoplasm \ Nucleus [

everse
| Injection || transcription

Retrotransposon

Retrotransposon
copy

e retrotranspozony
» obsahujici LTR sekvence
 bez LTR sekvence



RETROTRANSPOZONY s LTR

Ty element
* prvni objeveny
v kvasinkach
« 6.3 kb, 25-35 kopii

,delta” element

« LTR sekvence

« 330 bp

« priblizne 100 kopii

Ty element
LTR LTR
e —————

Recombination
between LTRs

II+II

Solo delta element



RETROTRANSPOZONY s LTR

« Tyl/copia
* nejCastéjsi
« chybi env gen
* neschopen tvofit infekCni
virové Castice - neschopen
se dostat ven z bunky
« schopen tvorit Castice
podobné virum (VLP)
* Ty3/gypsy
« ekvivalent env
* nékteré schopny tvorit
infekCni virusy
« endogenni retroviry (ERV)

* U Clovéka a savcu

(A) Viral retroelement

LTR gag pol env LTR
e — e .
~7 kb

(B) Ty1/copia retroelement

LTR gag pol LTR
1 —M— i
~7 kb

(C) Ty3/gypsy retroelement

V)

LTR gag pol env” LTR

e — e
~7 kb




RETROTRANSPOZONY bez LTR

* retropozony

* LINESs (long interspersed nuclear
elements)

* pol gen
» funkCni reverzni transkriptaza

« SINEs (short interspersed
nuclear elements)

« 100-400 bp

« zadny gen

* ,pUjCu;ji“ si reverzni
transkriptazu od LINE

* napf. Alu

(A) LINE

poly(A)
gag? pol

~6 kb
(B) SINE
poly(A)

~0.3 kb



DNA TRANSPOZONY U PROKARYOT

nepotrebuji RNA
meziprodukt
meneé Casté nez
retrotranspozony

IS — inzeréni sekvence

« konzervativni i replikativni
transpozice

Kompozitni transpozon
Tn3 typ

e nemalS
 replikativni transpozice
Transpozibilni fag
 replikativni transpozice

(A) Insertion sequence

ITR Transposase ITR
L ~0.3 kb

(B) Composite transposon

S 5 . 2.5-10 kb
IS Antibiotic- IS
resistance genes

(C) Tn3-type transposon

ITR Resolvase ITR
il ~5 kb
Transposase Antibiotic-
resistance gene

(D) Transposable phage

ITR Lysis genes ITR
R ———— - - ~38 kb
Integration and  Protein coat
replication genes genes



DNA TRANSPOZONY U EUKARYOT

* Lidsky genom
« 350 000 transpozonu
 invertované koncové repetice (ITR)
e gen pro transponazu
 vetSinou nefunkéni

« Kukurice
* Ac/Ds elementy it Acelemem'r D'ﬁ“
* Spm element "’19 wansposase gene
« Drosophila © Transposase

« P element

- T

Transposition Transposition



MOBILNi ELEMENTY V LIDSKEM GENOMU

LINEs LTR elements
640 Mb 250 Mb

DNA transposons
ALt ' 90 Mb

SINE Alu 1,200,000 10.7
MIR 450,000 25
MIR3 85,000 0.4
LINE LINE-1 600,000 1723
LINE-2 370,000 55
LINE-3 44,000 0.3
LTR retroelements ERV 240,000 47
MalLR 285,000 3.8
DNA transposons MER-1 213,000 1.4
MER-2 68,000 1.0
Others 60,000 0.4
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GENOMES ONLINE DATABASE

JGIHOME LOGIN

Distribution Graphs  Biogeographical Metadata

Statistics  GOLD Usage Policy  Team

Help  News

Studies ¢ 30773 Welcome to the Genomes OnLine Database GOLD Release v.6

Biosamples P GOLD:Genomes Online Database, is a World Wide Web resource for comprehensive access to information regarding genome and metagenome sequencing projects, and their associated metadata,
around the world.

Sequencing Projects 161 667

Analysis Projects 124972

Organisms 284 060

& Excel Data file
File last generated: 08 Nov, 2017

GSLD

Genomes Online Database

Register your project information and Metadata in the
Genomes Online Database

Annotate your microbial genome or metagenome with
IMG/ER or IMG/MER

Standards in
Genomic Sciences

1. Register 2. Annotate 3. Publish

Publish your genome or metagenome in open access
standards-supportive journal.

Publish

NCBI Import Tracker
120,000
s 7 NeBI Studies Biosamples Sequencing Projects Analysis Projects
GOLD Metagenomic 1 079 &2 Classification &4 Complete Projects 11 825 Genome Analysis 88 037
100.000
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.00 Metagenome - Assembled Genome (MAG) 5 067
e0.000 Metatranscriptome Analysis 2 723
£0.000 Combined Assembly 136
40,000 Single Cell - Screened (SAG) 2 153
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Transcriptome Analysis 207
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o
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GOLD — Genomes OnLine Database

GENOMES ONLINE DATABASE

Home Search = Distribution Graphs  Biogeographical Metadata Statistics GOLD Usage Policy Team Help News

Studies 3 30773 :
Current Filters:: None Set

Biosamples 26 244

Sequencing Projects ¢} 161667 [ select Columns for Table ]

Analysis Projects 124972

’ GOLD Study ID Study Name Add Date

Qrganisms 284 060 Q Q Q
Gs0132309 Genome seguencing of Corynebacterium glutamicum TQ2223 2017-11-08
Gs0132308 Genome sequencing of Bacillus subtilis GS 188 2017-11-08
Gs0132307 Genome seguencing of Bacillus thuringiensis BM-BT 15426 2017-11-08
Gs0132306 Population dynamics of Staphylococcus aureus in Cystic Fibrosis patients 2017-11-08
Gs0132305 Genome sequencing of Pseudomonas aeruginesa FA-HZ1 2017-11-08
Gs0132304 Genome seguencing of Legionelia sp. CDC-D5610 2017-11-08
Gs0132303 Sequencing of plant-associated Rhodococcus strains 2017-11-08
Gs0132302 Genome seguencing of Bosea sp. AS-1 2017-11-08
Gs0132301 Genome seguencing of Lactobacillus paracasei TK1501 2017-11-08
Gs0132300 Genome segquencing of Asromonas salmonicida 544 Atlantic salmon 2017-11-08
Gs0132299 Genome seguencing of Aercmonas salmonicida S68 2017-11-08
Gs0132298 Genome sequencing of Altererythrobacter sp. CS-11 2017-11-08
Gs0132297 Genome sequencing of Bacillus velezensis 157 2017-11-08
Gs0132296 Genome sequencing of Bacillus cereus C1L 2017-11-08
Gs0132295 Genome seguencing of Campylobacter jejuni 11163H/araE 2017-11-08
Gs0132294 Genome sequencing of Campylobacter jejuni 11163HAacY 2017-11-08
Gs0132293 Genome seguencing of Macrococcus caseolyticus IMD0319 2017-11-08
Gs0132292 Genome sequencing of Xanthomonas cifri pv. mangiferaeindicae XC01 2017-11-08
Gs0132291 Genome seguencing of Prosthecochleris sp. GSB1 2017-11-08
Gs0132290 Genome sequencing of Lactobacillus agilis La2 2017-11-08
Gs01322389 Genome sequencing of Xanthomenas citri pv. malvacearum XemN1003 2017-11-08
Gs0132288 Genome sequencing of Mycobacterium chimaera ZUERICH-1 2017-11-08
Gs0132287 Genome seguencing of Bacillus cereus D12_2 2017-11-08
Gs0132286 Genome sequencing of Bacillus cersus K3 2017-11-08
Gs0132285 Genome seguencing of Corynebacterium stationis ATCC 21170 2017-11-08

RESET [1-25] of 30,773 | NEXT | Show |25 v ]| results.
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Publish your genome or metagenome in

Register your project information and Annotate your microbial genome or open access standards-supportive
Metadata in the Genomes Online metagenome with IMG/ER or IMG/MER journal.
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— | Annotate l —
| Register | Publish
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Version 4.0

Genomes Online Database @ Home

Last update: 2012-11-20 Welcome to the Genomes OnLine Database

Total # of genomes: 18893 , ) , ) ) , , ) )
GOLD:Genomes Online Database, is a World Wide Web resource for comprehensive access to information regarding genome and metagenome sequencing projects,

and their associated metadata, around the world.
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Genome Earth

soaieh &% Classification &4 Complete Projects: 3811 « Project Type
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ENA — European Nucleotide Archive

Home : Search & Browse = Submit & Update | Software | About ENA = Support

European Nucleotide Archive

The European Nucleotide Archive (ENA) provides a comprehensive record of the world's nucleotide sequencing information,
covering raw sequencing data, sequence assembly information and functional annotation.

Access to ENA data is provided though the browser, through search tools, large scale file download and through the API.

Text Search

l

Examples: BNOOOO65, histone

A

Sequence Search

Enter or paste a nucleotide sequence or accession number

Advanced search

Services = Research = Training

Popular

Submit and update

Sequence submissions

Genome assembly submissions
Submitting environmental sequences
Citing ENA data

Rest URLs for data retrieval

Rest URLs to search ENA

© 0 0o © o o o

Latest ENA news
11 Oct 2017: Read data download issues resolved

Read data download issues previously

About us

affecting ftp.sra.ebi.ac.uk and fasp.sra.ebi.ac.uk services

now resolved.

06 Oct 2017: ENA read data download issues

Issues with read data download from ftp.sra.ebi.ac.uk and

fasp.sra.ebi.ac.uk

04 Oct 2017: ENA Release 133

Release 133 of ENA's assembled/annotated sequences now

available
EMBL-EBI Services Research Training Industry About us
News By topic Overview Overview Overview Overview
Our impact By name (A-Z) Publications Train at EBI Members Area Leadership
Contact us Help & Support Research groups Train outside EBI Workshops Funding
Intranet Postdocs & PhDs Train online SME Forum Background
Contact organisers Contact Industry programme Collaboration

http://www.ebi.ac.uk/ena



ENA — European Nucleotide Archive

EMBL-EBI Services = Research | Training About us

‘arabidopsis

Exampies: BNODOOGS, histone Advanced

Home Search & Browse | Submit & Update Software : About ENA Support

Search results for arabidopsis Show more data from EMBL-EBI l

Assembly

Assembly (710) Assembly (710 results found)

GCA_000001735.1 TAIR10 assembly for Arabidopsis thaliana

Sequence View all 710 results

Sequence (Update) (201)
Sequence (Release) (3,037,417)

Sequence (Update) (201 results found)

Contig set

Genome assembly contig set (490) KU233416 Arabidopsis thaliana isolate Lerik-1 hypothetical protein (ATSG38460) gene, exon 4 and partial cds.
View all 201 results

Coding

Coding (Update) (2,640)

Coding (Release) (2,415,887) Sequence (Release) (3,037,417 results found)

Non-coding AE005172 Arabidopsis thaliana chromosome 1 top arm, complete sequence.

Non-coding (Release) (110,133) View all 3,037,417 results

Non-coding (Update) (1,260)

Read Genome assembly contig set (490 results found)

Experiment (23,798)

Run (31,225) AFMZ01000000 Arabidopsis thaliana, WGS project AFMZ01000000 data

View all 490 results

Study
Study (2,017)

Study (Sequence) (4,797) Coding (Update) (2,640 results found)

APU50275 Arabidopsis thaliana (thale cress) partial amidotransferase 1

Taxon View all 2,640 results
Taxon (55)
Sample Coding (Release) (2,415,887 results found)

Sample (35,915)

AED92956 Arabidopsis thaliana (thale cress) P-type ATPase of Arabidopsis 2
Submission View all 2,415,887 results
Submission (Read/Analysis) (78)

About Non-coding (Release) (110,133 results found)

ENA (2)
CP002684.1:23655587..23657382: misc_RNA  Arabidopsis thaliana (thale cress) ARI&
View all 110,133 results



NCBI
National Center for Biotechnology Information

% NCBI Resources (¥ How To ¥

=NCBI

National Center for
Biotechnology Information

NCBI Home

Sign in fo NCBI

Resource List (A-Z)

All Resources

Chemicals & Bioassays

Data & Software

DNA & RNA

Domains & Structures

Genes & Expression

Genetics & Medicine

Genomes & Maps

Homology

Literature

Proteins

Sequence Analysis

Taxonomy

Training & Tutorials

Variation

All Databases v ||

Welcome to NCBI

The Naticnal Center for Bictechnology Information advances science and health by providing access to

biomedical and genomic information.

About the NCBI | Mission | Organization | NCBI News & Blog

Submit

Deposit data or manuscripts
into NCBI databases

Develop

Use NCBI APIs and code
libraries to build applications

Download

Transfer NCBI data to your
computer

Analyze

Identify an NCBI tool for your
data analysis task

https://www.ncbi.nim.nih.gov/

Learn

Find help documents, attend a
class or watch a tutorial

Research

Explore NCBI research and
collaborative projects

Popular Resources
PubMed

Bookshelf
PubMed Central
PubMed Health
BLAST
Nuclectide
Genome

SNP

Gene

Protein
PubChem

NCBI News & Blog

Twelve new NCBI annotations in RefSeq
for otter, oyster & more

07 Nov 2017

In September and October, the NCBI

Fukaruntic Genama Annntatinn

Cake, Poetry and Success Stories: NCBI
Celebrates 10 Years of dbGaP

For the past decade, dbGaP, the

datahaas of Genahinea and Phanntunes

November 8§ NCBI Minute: New API keys
for better E-utilities & EDirect access to
NCBI data

02 Nov 2017

Nin Wadnacdau Navamhbhar 8 2017 wa

More...



NCBI

& NCBI  Resources ¥ How To &) Sign in fo NCBI

Genome

Genome i | Search

Limits  Advanced Help

Genome

This resource organizes information on genomes including sequences, maps, chromosomes, assemblies, and

annotations.

Using Genome

Help
Browse by Organism
Download / FTP

Download FAQ

Submit 2 genome

Genome Tools

BLAST the Human Genome

Microbial Nucleotide BLAST

Custom resources Other Resources

Human Genome Assembly

Microbes BioProject

Organelles BioSample

Viruses Map Viewer

Prokaryotic reference genomes Genome Data Viewer (20
Genome Annotation and Analysis External Resources
Eukaryotic Genome Annotation GOLD - Genomes Online Database
Prokaryotic Genome Annotation Bacteria Genomes at Sanger

PASC (Pairwise Seguence Comparison) Ensembl
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SHRNUTI

Eukaryoticky jaderny genom
e chromozomy

* geny

 intergenové sekvence

« katalog genu
Prokaryoticky genom

* nukleoid

e plazmidy

Genom mitochondrii a chloroplastu
Virové genomy

* viry bakterii — fagy

* Viry eukaryot

Mobilni elementy

* RNA transpozony

* DNA transpozony

Internetové zdroje a literatura



