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Konkurenceschopnost

Lekce 08 - Strukturni genomika

Zékladni strukturni rysy organizace genomi jednotlivych organizmi véetné
Cloveka (viry, eubakterie, kvasinky, vyssi a nizsi rostliny, obratlovci), jaderné a
organelarni genomy. Kodujici a nekddujici DNA: Strukturni geny, RNA geny
(rRNA, pre-miRNA a shRNA), transpozony. Vnitrodruhova a mezidruhova
variabilita na tirovni genomu, polymorfizmy na trovni jednotlivych nukleotid
(SNPs) a lokusy kvantitativnich znaka (QTLs).
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1. Eukaryoticky jaderny genom
2. Genomy prokaryot a eukaryotickych organel
3. Genomy virt a mobilni elementy
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GENOM

Genom — soubor genetické informace organizmu

- biologicka informace k sestaveni a preziti Zivého jedince
+ eukaryoticky
* prokaryoticky
o Vviry

Protein

chromozomy v jadfe
mitochondrie
+ chloroplasty

nukleoid
plazmidy




EUKARYOTICKY JADERNY GENOM

= sada linearnich molekul DNA, bez vyjimKky,
minimalné dvé




STRUKTURA CHROMOZOMU

DNA + histony = nukleozom
* 140-150 bp

* linker: 50-70 bp
* + spojovaci histony
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STRUKTURA CHROMOZOMU

30 nm chromatinové vliakno oo m

interfazni chromozomy

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

* neékolik teorii, 2 modely:

+ solenoidovy model — pouze
spojovaci histony (napfi. H1)

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




STRUKTURA CHROMOZOMU

Kondenzované metafazni chromozomy: 1400 nm
jedna chromatida: 700 nm
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centromery — maji geny, ale s nizkou hustotou — myslelo se, Ze jsou geneticky neaktivni



Lidsky karyogram

G-banding
R-banding
Q-banding

C-banding

METAFAZNi CHROMOZOMY

Dark bands are AT-rich
Pale bands are GC-rich

Dark bands are GC-rich
Pale bands are AT-rich

Dark bands are AT-rich
Pale bands are GC-rich

Dark bands contain constitutive
heterochromatin
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NETYPICKE CHROMOZOMY

* Minichromozomy
+ kratké, vysoka hustota gent (az 6x)
* napf. kuie
+ pfistup: ,de novo®, ,top-down*
* B chromozomy
« individualni, nevyskytuji se u celé populace
« fragmenty normalnich chromozomu, ziejmé pozustatek chybv
prabéhu déleni jadra
* bézZné u rostlin, sniZuji Zivotaschopnost
* i houby, hmyz, Zivo€ichové
» Holocentrické chromozomy

* ne jedna centromera, ale nékolik podobnych struktur podél
chromozomu

* napi. Caenorhabditis elegans




Genes and gene-related
sequences 1200 Mb

Exons
48 Mb

ORGANIZACE GENOMU

Human genome
3200 Mb

Intergenic DNA
2000 Mb

Genome-wide Other
repeats intergenic
[ 1400 Mb regions

Microsatellites
90 Mb

Related
sequences

| 1152 Mb |
Gene
fragments
LINEs LTR elements g'i';iﬁ;
640 Mb 250 Mb
DNA transposons
90 Mb
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GENY A PRIBUZNE SEKVENCE

Genes and gene-related

sequences 1200 Mb

puUence
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GENY

Geny
* UTR - nepiekladana oblast genu

e Intronv _ cectiih
nrony — sestfn

+ Exony — funk&ni produkty
Genové rodiny - skupiny genu se stejnou nebo podobnou
sekvenci

* jednoducheé
« vznikly pravdépodobné duplikaci gen

+ napf. geny pro lidskou ribozomalni RNA:

+ 2000 genu pro 5S rRNA — v8echny v jedné skupiné lokalizované na
chromozomu 1

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

* komplexni

+ podobné sekvence (ale ne stejné), odlisné vlastnosti
» napr. savéi globiny — exprimované v riznych vyvojovych stadiich
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ROZLOZENi GENU NA CHROMOZOMU

* Nehomogenni
+ Geny i v centromere, niZzsi hustota

Chromozom 1 u Arabidopsis

Pseudocolor
spectra:

[ ... |
High density Low density

38 gentina 100 kb 1 gen na 100 kb

Clovék: 1-64 gent na 100 kb
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PSEUDOGENY

» evolucni relikt
+ 2 skupiny
» konvenéni — vznikly mutaci

¢astedné funkéni nebo
nefunkéni

» procesované — odvozené z mRNA

—— —1 —

1eimaji introny

chybi jim regulaéni sekvence
pifed genem

nefunkéni

Functional gene
e U s § |

Toamervinbinm

/ Reverse transcription

DNA

1 Re-integration

o — - - —
Pseudogene  Functional gene
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FRAGMENTY GENU

« Zkracené geny
+ Genové fragmenty

Functional gene

i e |
il i TR =}
Truncated gene Gene fragment
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INTERGENOVA DNA

* junk® (= vete$, haraburdi) DNA — neni pravda

Intergenic DNA

2000 Mb

Genome-wide Other
repeats intergenic
[ 1300 Wb | regions
600 Mb

Microsatellites

Various
510 Mb

90 Mb

LINEs LTR elements
640 Mb 250 Mb
DNA transposons
90 Mb
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REPETICE

C 1

+
Rozptylené repetice .A_L_L—..Chmmosomoz
« vznikaji transpozici repested DNA

* LINEs (long interspersed nuclear elements) — nad 300 bp
» SINEs (shortinterspersed nuclear elements) — pfiblizné 300 bp
Tandemove repetice - satelity
* LTR (long terminal repeat) elementy nebo v centromerach

AMimia~nt Alid, [/ viavialla mmiiimalhAavw Af fammAdAama vAarm At \/NITD AN
VI Hoalcelity \,,VaIIaUIC FUITivel vl waliuciii icpcaits =~ viNi l\b)
+ 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: genetické profilovani
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ORGANIZACE LIDSKEHO GENOMU

Human genome
3200 Mb

27 Eo/ 89 Ko/
Vi /0 OL,J

Genes and gene-related Intergenic DNA
sequences 1200 Mb 2000 Mb
Exons Related Genome-wide Other
48 Mb L LY 36% repeats intergenic |8

1400 Mb | regions [
1’5% 43.75%
=
Various
LINEs LTR elements -
m DNA transposons
90 Mb

:

Microsatellites
90 Mb

o
J7/0
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ORGANIZACE JADERNEHO GENOMU

Lidsky genom — 50 kb

puna
PRP2

4 geny ——
88 repetic
« LINEs . S ——
- SINEs ' ‘ o ' ' 25K
- LTRs -
« DNA transpozony — s —
7 mikrosatelitl (z toho 4 y === o . ; i
intronech) [y
30% nekoédujici DNA bez oo e e T el Semenide Mo
repetic a znamé funkce e — —
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ORGANIZACE GENOMU

(A) Human
PKP2 SYB1 FLJ10143 CD27
— | e | r 1T
1 (i R B e T (R

0 10 20 30 40 50 kb

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

[ T T T | [ T T T T I T T | T l L T T T I T T T T I

0 10 20 30 40 50 kb
(C) Drosophila melanogaster

Ppl Edg78E Polycomb

i 00 il i ad e e an e —— ————————————

l 1 I L I | I 1 1 I l 1 I I 1 | 1 1 I 1 l I I I 1 l

0 10 20 30 40 50 kb
(D) Maize RdKIE

i —(— o —— i ) —— —— - —— — — ———(————————

l T T I T I T T T 1 I T T T  § I T T T T I ] T T 1 l

0 10 20 30 40 50 kb

LTR DNA Other
exon intron LINE SINE I t tri genomewide Mic llite tRNA gene
st L4
—— — —_— JR— — i — t
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ORGANIZACE GENOMU

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

Fungi o —
Algae  ———

Protozoa

Insects

Molluscs

Fish

Amphibians
Reptiles

Birds

Mammals
Flowering plants

1 10 100 1000 10,000 100,000 1,000,000
Genome size (Mb)
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ORGANIZACE GENOMU

» Velikost genomu a pocet genli nekoreluje
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KATALOG GENU

Organizmy se sekvenovanym genomem
Lidsky katalog genu:

Expression, replication
and maintenance
of the genome Signal

m':a"“‘““‘""

General
biochemical
functions of
the cell

Various other
activities

co nevycteme: Co déla Clovéka Clovékem?
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PROKARYOTICKY GENOM
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PROKARYOTICKY GENOM

» Prokaryota
» bacteria
* archaea

Plasmids
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PROKARYOTICKY GENOM
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OPERON

lacY lacA

 laktézovy operon

« vyuziti laktézy X \

Lactose permease P !ransacetylase
lactose into the cell spln Iactose to galactose + glucose
° tryptOfa n Ovy O pe ro n trpE trpD trpC  trpB trpA
————,————

+ stejna biochemickéadraha N\ | L

Chorismic acid === ===p == ==p Tryptophan

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

gatC recA pilu cmk pgsA rec)
e ————— ————————— ——— — ———————————— - !
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PLAZMIDY

» dodateCna geneticka informace

« adaptace na podminky prostredi
* zvyhodnéni nositele
* neékteré se v€lenuji do hlavniho genomu

Resistance
Fertility
Killer
Degradative
Virulence

Antibiotic resistance

Conjugation and DNA transfer between bacteria
Synthesis of toxins that kill other bacteria
Enzymes for metabolism of unusual molecules
Pathogenicity

Rbk of Escherichia coli and other bacteria

F of E. coli

Col of E. coli, for colicin production

TOL of Pseudomonas putida, for toluene metabolism

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

30



VELIKOST PROKARYOTICKEHO GENOMU

+ vétSinou velikost genomu koreluje s poctem genu
« prumér: 950 gend na 1Mb
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PROKARYOTA vs. EUKARYOTA

E.coli
thr8 15186 IS1 ~

thrA i thrC dnakK | | carB fixA

0 10 20 30 40 50 kb
Gene
—
Genome-wide
repeat
Elovek
PKP2 SYB1 FLJ10143 CD27
| perere | M r B
| [ ] | (I I 1
0 10 20 30 40 50 kb
Other
s LTR DNA g wide ... .
exon intron LINE SINE I transp repeat Mic llite tRNA gene
—— — N— J— po— i — t

prokaryota — velice malo opakujicich se sekvenci

32



PROKARYOTA vs. EUKARYOTA

&

* nukleoid

* volné v cytoplazmé

* plazmidy

* kompaktni

« vétSina genomu kodujici
sekvence

* operony

* malo repetitivnich
sekvenci

A\

chromozomy )

v jadfe e

introny

C-value paradox

vétSina genomu nekodujici
sekvence

velké mnozstvi repetitivnich
sekvenci

mitochodrie a chloroplasty
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GENOM ORGANEL
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GENOM ORGANEL

endosymbioticka teorie vzniku organel

+ volné bakterie

« symbidza s pfedchldci eukaryotickych bunék

* endosymbiodza

1 az 100 kopii v jedné mitochondrii

dédic¢nost — jako jedna kopie ?77?

transfer DNA z organel do jadra i mezi organelami
* Arabidopsis

« mitochondrialni genom obsahuje jadernou DNA i
chloroplastovou

+ jaderny genom obsahuje ¢asti chloroplastové i
mitochondrialni DNA

+ obratlovci
» mitochondrialni DNA v jaderném genomu
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MITOCHONDRIALNIi GENOM

 cirkularni, ale i linearni (napf. Chlamidie)
* 1 mitochondrie — 10 identickych molekul = pfiblizné

8000 v jedné bunce (u Cioveka)
* rRNA, tRNA, proteiny dychaciho fetézce, ribozomalni
proteiny, transkripce, translace, transportni proteiny ...

kvasinka S

16569 bp

&8 Respiratory complex gene
&% Ribosomal RNA gene
- Transfer RNA gene

@ Respiratory complexgene i Ribosomal proteingene G Intron
&8 Ribosomal RNA gene «  Transfer RNA gene &8 oOtherRNA gene
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CHLOROPLASTOVY GENOM

vétSina stejna sada priblizné 200 genu
rRNA, tRNA, ribozomalni proteiny, proteiny spojené s

L4 L
IUlUby”lELUU

&% Ph gene S8 proteingene M Transfer RNA

&5 RibosomalRNAgene & RNA polymerase gene oena
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VELIKOST GENOMU ORGANEL
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GENOM VIRU A MOBILNi ELEMENTY

A
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VIROVY GENOM

virus — nukleoproteinova cCastice
zavislé na hostiteli = parazité — potfebuji ribozomy a
translacni aparat pro syntézu proteinového obalu viry

bakterii: bakteriofagy (fagy)

» eukaryot
virovy genom Protein Protein Nucleic
- DNA nebo RNA S

cirkularni nebo linearni
ss nebo ds 2
segmentovany nebo Nucleic
nesegmentovany acid

Icosahedral Filamentous Head-and-tail

MS2 M13 T4, A
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GENOMY FAGU

* pocet genu: 3-200
» piekryvajici se geny

X174
- G 5386 bases
- fagy
- ra - r €
+ lyticke (virulentni), napf. T4 P 4
7 E
+ lyzogenni (mirné), napr. fag A
A Escherichia coli Head-and-tail Double-stranded linear DNA 495 48
X174 E. coli Icosahedral Single-stranded circular DNA 5.4 n
f6 Pseudomonas Icosahedral Double-stranded segmented 29,40,64 13
phaseolicola linear RNA
Mi13 E coli Filamentous Single-stranded circular DNA 6.4 10
MS2 E. coli Icosahedral Single-stranded linear RNA 36 3
PM2 Pseud Icosahedral Double ded linear DNA 100 approx. 21
aeruginosa
SPO1 Bacillus subtilis Head-and-tail Double-stranded linear DNA 150 100+
T2, T4, 76 E. coli Head-and-tail Double-stranded linear DNA 166 150+
T7 E coli Head-and-tail Double-stranded linear DNA 599 55+
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LYTICKA INFEKCE

The lytic infection cycle R——
DNA Bacteriophage T4 .
Protein coat attaches to
E. coli bacterium

/i "

= virulentni, produktivni e 4 | Phage ONA s inected

napr. T4 o

dOChéZi k IyZi bunék l'l'nnscvlptlonol

phage DNA begins
doba latence — 22 minut -
iier 0
\ | Il B ) min

DNA-»RNA

+ Cas potiebny k reprodukci
faga 1 phageoRa”"

DNA= DNA RNA
1 Capsid protein

synthesis
-
H| ey @
=N min

RNA = Protein
Host cell bursts,
new phage released

—.xlz @

11 min
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LYZOGENNI INFEKCE

= mirna, skryta
napr. fag A

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

mistné specifickou
rekombinaci — profag

indukce excize profaga —
chemické nebo fyzikalni
faktory — zfejmé vazané na

posSkozeni DNA

(A) Integration into the host DNA
@ Bacteriophage A

E.coli

f " Site-specific
:::gtz::::"e \ recombination

A proDhage

(B) Excision and synthesis / Many cell
of new phages

divisions
Excised Induction of
ADNA 1 prophage

N

1 Phage gene expression, DNA
replication, capsid synthesis

_‘:—0 New \ phages
_o" arereleased
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* genomy variabilni

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

VIRY EUKARYOT

« velikost genomu: 1,5-240 kb

Adenovirus

Hepatitis B

Influenza virus
Parvovirus

Poliovirus

Reovirus
Retroviruses

SV40

Tobacco mosaic virus
Vaccinia virus

Mammals
Mammals
Mammals
Mammals
Mammals
Mammals
Mammals, birds
Monkeys

Plants
Mammals

Double-stranded linear DNA

Partly double-stranded circular DNA
Single-stranded segmented linear RNA
Single-stranded linear DNA
Single-stranded linear RNA
Double-stranded segmented linear RNA
Single-stranded linear RNA
Double-stranded circular DNA
Single-stranded linear RNA
Double-stranded circular DNA

36.0
55
220
16

76
225
6.0-9.0
5.0

6.4

240

30

12

22

w

240
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VIRY EUKARYOT

kapsid — ikozaedr nebo filamentalni

lipidickda membrana — odvozena z hostitelské buriky
rostlinné viry — vétSinou RNA

lyticka i lyzogenni infekce

priklad: virové retroelementy

+ retroviry — RNA genom

» pararetroviry — DNA genom e Spikes
“ae. Membrane

RNA
Capsid protein
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RETROVIRY

* genom retrovirl — kazdy ze tfi gent koduje
polyproteiny, které jsou po translaci Stépeny na dva
nebo vice funkénich produktd

* gag - proteiny kapsidu (= group antigens)
* pol —reverzni transkriptaza, integraza, proteaza
» env - proteiny kapsidu (= envelope)

= ITTD T T2 (R I (N, QY T3, . | UG SO [ . N | PO,
T LIl —uauicZic icguiacin oviast pro udiisKiipul a repiinavi

LTR gag pol env LTR
B R ESSS————— .
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RETROVIRY

» zaclenéni retroviroveho genomu do genomu hostitele

/

Host
DNA

~\

Viral RNA Viral DNA
]

11

Retrovirus Reverse
Injection || transcription

Integration

RNA

Reverse —
transcriptase \

———]
——

Cytoplasm \ Nucleus




VIRUSOIDY A VIROIDY

+ satelitni RNA, virusoid — zejména v rostlinach
+ RNA molekula, 320-400 bazi
+ satelitni RNA - nekoduje viastni kapsid, vyuZiva genom
pomocného viru
+ virusoid — kéduje vlastni kapsid

* viroid
* RNA molekula, 240-375 bazi, Zadné geny, nema kapsid = naha
RNA
+ replikace pomoci enzymU hostitele nebo pomocného viru
* schopnost samosestrihu Self-catalyzed cleavage of viroid and virusoid RNAs
o zi‘ejmé evolucéné souvisi Genomes linked head to tall

l Self-catalyzed cleavage

se sestfihem RNA

Individual linear genomes

1 Circularization

000
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MOBILNi ELEMENTY

49



MOBILNI ELEMENTY

= transpozony
transpozice — schopnost segmentu DNA pfesouvat se
v genomu z mista na misto
+ konzervativni
+ replikativni
pomoci rekombinace

Conservative Replicative

e — - —— . —————— -
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MOBILNI ELEMENTY

* RNA transpozony

+ retrotranspozony s LTR
» retrotranspozony bez LTR

* DNA transpozony
+ v prokaryotickych genomech
+ Inzeréni sekvence (1S)
« Kompozitni transpozony

Tn3-typ transpozony

« Transpozibilni fagy

» v eukaryotickych genomech
« Ac/Ds

* Spm
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» transpozice pres RNA meziprodukt

RETROTRANSPOZONY

Retrotransposon

\Transcription

e Single-stranded

RNA

\ Reverse transcription

s DOUble-stranded

DNA
\Reintegration
Retrotransposon
o — . — —— - .
Retrotransposon
copy

* retrotranspozony
» obsahujici LTR sekvence

bez LTR sekvence

retroviry

/ Host

Viral RNA Viral ONA /
Retrovirus

|
===

Reversa — \

Cytoplasm Nucleus
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RETROTRANSPOZONY s LTR

Ty element

* prvni objeveny

» v kvasinkach

» 6.3 kb, 25-35 kopii
.delta“ element

+ LTR sekvence

« 330 bp

« piiblizné 100 kopii

Ty element

Recombination
between LTRs

Solo delta element
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RETROTRANSPOZONY s LTR

» Ty1/copia
* nejéastgjsi
+ chybi envgen
» neschopen tvofit infekéni
virové ¢astice - neschopen
se dostatven z buriky
+ schopen tvorit Castice
podobné virum (VLP)
* Ty3/gypsy
+ ekvivalent env
» nékteré schopny tvofit
infek&ni virusy
« endogenni retroviry (ERV)
+ u Clovéka a savcl

(A) Viral retroelement

iTR gag poi env LTR

(B) Ty1/copia retroelement

LTR gag pol LTR

~7 kb

(C) Ty3/gypsy retroelement

LTR gag pol “env” LTR
e ————————————————— - |

~7 kb
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RETROTRANSPOZONY bez LTR

* retropozony
* LINEs (long interspersed nuclear

elements)
* pol gen

+ funkEéni reverzni transkriptaza

» SINEs (shortinterspersed
nuclear elements)

+ 100-400 bp

« Zadny gen

« _pujéuji“ si reverzni
transkriptazu od LINE

* napf. Alu

(A) LINE
poly(A)
gag? pol
~6 kb
(B) SINE
poly(A)
~0.3 kb
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DNA TRANSPOZONY U PROKARYOT

nepotfebuji RNA
meziprodukt

méné Casté nez
retrotranspozony

IS — inzeréni sekvence

* konzervativni i replikativni
transpozice

Kompozitni transpozon
Tn3 typ

* nemalS

+ replikativni transpozice
Transpozibilni fag

+ replikativni transpozice

(A) Insertion sequence

i ~0.3kb

ITR Transposase ITR
A ————
(B) Compositetransposo/ \
L - . 2.5-10kb
IS Antibiotic- s

resistance genes
(€) Tn3-type transposon

ITR Resolvase ITR
i ~5kb

T Antibiotic
P

resistance gene

(D) Transposable phage

ITR Lysis genes ITR
L || ~38 kb
Integrationand  Protein coat
replication genes genes
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DNA TRANSPOZONY U EUKARYOT

» Lidsky genom
« 350 000 transpozonl
+ invertované koncové repetice (ITR)
* gen pro transponazu
+ VvétSinou nefunkeni

» Kukufice
- . Acelement Ds element
. AC/Dselementy ml '“I R R
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MOBILNI ELEMENTY V LIDSKEM GENOMU
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ENA - European Nucleotide Archive

European Nucleotide Archive

The European Nucleotide Archive (ENA) provides a comprehensive record of the workd's nudectide sequencing information,

Covering raw sequencing data, sequence assembly INformation and functional aNNCLAION. More about ENA

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

Text Search

Examgles BNOOOOSS, histere

Sequence Search

Enter o paste 3 nuciechde sequence of accession number

EMBL-EBI | Senices. Research
News. By topc Overview
Our impact By name (4-2) Pubicatons
Contact us Hep & Support

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

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

Latest ENA news

11 Oct 2017: Read data download issues resolved
Read data download issues praviously

affecting ftp.sra.ebi.ac.uk and fasp.sra.ebl.ac.uk services
now rescived

06 Oct 2017: ENA read data download issues

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

04 Oct 2017: ENA Release 133

Release 133 of ENA's assembled/annctated sequences now
available

Industry About us
Overview Overview
Hembers Ares Leadersho
Workshops rundeg

SME Forum Backiround
Contact industry programme Cotaboration
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ENA - European Nucleotide Archive

Submit & Update

Search results for arabidopsis

Assembly
Assembly (710)

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

Contig set
Genome assembly contig set (490)

Coding (Update) (2,640)
Coding (Release) (2,415,887)

Non-coding
Non-coding (Release) (110,133)
Non-coding (Update) (1,260)

Read
Experiment (23,798)
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Study (2,017)
Study (Sequence) (4,797)

Taxon
Taxon (55)

Sample
Sample (35,915)

Submission

Submission (Read/Analysis) (78)

Software | About ENA | Support

Show more data from EMBL-EBI

Assembly (710 results found)

GCA_000001735.1  TAIR10 assembly for Arabidopsis thaliana

View all 710 results

Sequence (Update) (201 results found)

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

Sequence (Release) (3,037,417 results found)

AE005172  Arabidopsis thaliana chromosome 1 top arm, complete sequence.
View all 3,037,417 results

Genome assembly contig set (490 results found)

AFMZ01000000 Arabidopsis thaliana, WGS project AFMZ01000000 data
View all 490 results

Coding (Update) (2,640 results found)

APUS0275  Arabidopsis thaliana (thale cress) partial amidotransferase 1
View all 2,640 results

Coding (Release) (2,415,887 results found)

AED92056  Arabidopsis thaliana (thale cress) P-type ATPase of Arabidopsis 2
View all 2,415,887 results

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

CP002684.1:23655587..23657382: misc_RNA  Arabidopsis thaliana (thale cress) ARI6
View all 110,133 results
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National Center for Biotechnology Information
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NCBI data
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