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Definice genu
= zdkladni jednotka genetické informace zapsana v NK
Podle Sire definice:

1. vdechny sekvence DNA potrebné k syntéze proteinu
nebo RNA, tedy i regula¢ni a signdlni sekvence (nejsirsi)

2. transkribované sekvence (nezahrnuje regulacni oblasti)
3. Useky primo kodujict peptid (nejuzst) nebo poradi bazi ve
funkénich molekulach RNA

Typy genu ($irsi definice):
Geny strukturni, geny pro RNA a geny-regula¢ni sekvence




Historie konceptu genu

- Mendel, Bateson: faktory urcujici vliastnosti

- Morgan: geny jsou usporddany linearné, vazbové skupiny
- Johansen (1909): zaved| pojem .gen"

- Griffith (1928): transformacni experimenty

- Avery, MaclLeod a McCarthy (1944). substanci
zodpovédnou za transformaci je DNA

- Hershey a Chaseova (1952): genetickou informaci nese
DNA

- pad Caspersonovy teorie - proteinové hypotéze genu/
tetranukleotidova teorie DNA

- Beadle a Tatum (1941): ..one gene - one enzyme"

- Watson a Crick (1953): struktura DNA

- Crick (1958): centrdlni dogma MB a teorie proteosyntézy
- Meselson a Stahl (1958) semikonzervativni replikace

- Jacob a Monod (1961): operonova teorie

- Nirenberg, Khorana, Ochoa (1966) geneticky kod




Kazdy gen vznika z genu

- geny jsou si podobné, duplikace a postupna divergence
gend

- genové rodiny a nadrodiny, genealogické stromy
- poet gent u eukaryot: 10 000 - 40 000
- poCet zdkladnich modult maly: stovky-max tisice

vzdjemné nepribuznych exonl, nejmensi jsou genové
moduly




STRUKTURA
GENU




Obecné schéma eukaryotického genu
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promotor sekvence 9L
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Jak se hledaji geny?

- otevrené ¢teci ramce (ORF) ORF:

- obsah a distribuce nukleotidu, ..genové rysy"

- pouZzivani kodond

- hranice exon-intron
- promotory, regulacni sekvence
- homologie v databazich, EST

.Many message problem”

u eukaryot




Hledani genu u prokaryot

ORF (otevrené cteci ramce)
- start kodon je nasledovdn nejméné 60 AK, poté stop kodon
- homologie se znamymi ORF

Signdlini_sekvence
- Transkripce - konsensus promotorové a terminacni sekvence
- Translace - vazebné misto na ribozom: Shine-Dalgarnova
sekvence

Rozdily v obsahu bazi mezi kddujici a nekodujici sekvencemi DNA
- obsah GC, tzv. codon bias




Geny prokaryot jsou usporddany
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Komplikace u eukaryot

- Slozené geny (split genes)
- Introny a exony,
- obratlovci - délka genu 30kb/1-2kb je kédujici

- hap. gen pro dystrophin 2.4 Mb, desitky exont,
introny az 32kb

+ Velké genomy - urostlin az 110 000 Mb (Fritillaria

assyriaca)

+ VétsSina DNA je nekodujici

- introny, regulacni oblasti, " junk” DNA

- asi 1.5% kodujici (¢lovek)

- Slozita regulace genové exprese (modifikace

chromatinu, metylace DNA, RNAI, alternativni
sestrih)

+ Regulacni sekvence mohou byt daleko od start
kodonu
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Struktura pr'omofor'u
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Alternativni sestrih

| Gen |
Exon 1 Exon 2 Exon 3 Exon 4

DNA
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primarni transkript

alternativni sestrih RNA
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Geny v genech a jiné podivnosti

+ prekryvajici se geny: met val .. Gen A
GTTTATGGTA
val tyr gly ... Gen B

- geny uvnitr jinych genu:

Neurofibromatosis type I gene 5 kb
intron 27
l_-:- 1 ] [ I l
OMGP EVIZ2B EVI2A

\ GeTny/

(transkripce v opacné orientaci)
- pseudogeny:




Pseudogeny

Definice:

- sekvence podobna genu, nekoduje funkéni produkt
- nefunkéni relikt ptvodné funkéniho genu

Problém definice:

- pseudogen muze plnit dilezitou funkci (nekdédujici RNA,
regulacni sekvence, stabilita RNA svého homologa),

- komplikuji mol-biol. studie

Vznik:

An expressed pseudogene regulates
the messenger-RNA stability of its
homologous coding gene

(a) duplikace a degenerace jedné kopie - ..non-processed"
(b) retrotransposice - ,processed” pseudogen
- ¢lovék ma 19 000 pseudogent, pravidlo 50:50




Periodicita sekvenci uvnitF genu

» Kratké dseky 8-20bp se v genech ¢asto opakuji

* Periodicita vznikla pred vznikem genetického kédu a odrdzi puvodni
mechanizmus autoreprodukce kratkych dseku NK

» Periodicita vznikla v dobé existence genetického kddu a odrdzi jeho
vlastnosti. Jeji vyznam:
- obrana proti ¢astému vyskytu stop-kodont - 300bp/0.82% bez stop
- vznik novych gent posunovou mutaci - ORF ve druhém ¢tecim ramci
- obrana proti ¢astému zahajovani transkripce mimo geny
- nerovnomérné pouzivani synonymnich kodont, kodony a hojnost tRNA,
nikoli maximalizace ale optimalizace rychlosti syntézy protein, pro
kazdy protein jind




VZNIK NOVYCH GENU




Vznik novych gent

—
(a) Preskupovani +
b - .
A - - A
(b) Duplikace ., N N, S
genl:
(c) Retrotranspozice: [ y e
(d) Fize a _ ee—— O

$tépeni genl: ===




Evoluce genovou duplikaci

- duplikace je zékladem diverzifikace

10x pomalejsi nez u C. e/egans
- poloCas rozpadu genu delsi u rostlin, duplikaty
pretrvavaji, mechanizmy retence duplikati?

(Ohno, 1970)
- disperzni x tandemové kopie - rychlost asymetrické evoluce,
¢asto u rostlin zistdvaji v tandemu

- v nerekombinujicich oblastech - rychlejsi evoluce

Duplikace casti genu:

duplikace domén/vnitrni ¢dsti genu > zvyseni funkce nebo
nova funkce prostrednictvim novych kombinaci

Duplikace celého genu (genova rodina)

stejna kopie: zvyseni davky genu,

rozrlznéni kopii: nové funkce

Duplikace klastru gent




Genova duplikace: pseudogenizace,
neofunkcionalizace, subfunkcionalizace

@ Klasicky model Ohno: Pseudngenizatian
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Pldvod novych genu: Preskupovani exont
(exon shuffling)

- exony ruznych gent jsou spojeny dohromady za vzniku hového genu
- exon mlze byt duplikovdn za vzniku nové exon-intronové struktury
- kombinace domén riznych proteint - mozaikovy protein

Mechanizmy:
Ektopicka rekombinace
Nelegitimni rekombinace

ney genc
A,

s waveversd 1 I N Fevesetsrevivevey

— Chromosome Il

Y o * Chromosome |




Vznik nového genu na prikladu AFGP

Antarkticky AFGP:%

4x duplikace +
pridani spacerové sekvence

Vnitrni duplikace +

Ancestral Trypsinogen gene
Deleh /
5 6 >

1

Thr Ala Ala Gly

2,

l

1

6.

pridani intronové sekvence

1

//
77

|

- brdani zmrznuti télnich tekutin, ristu krystalkt ledu

1
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Spacer: Gly
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37
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Antifreeze glycoprotein gene (AFGP)

- vznikl pred 10 mil let, prvni zamrznuti poldrnich oblasti
- vznik z trypsinogenu, zachovdn 5’ a 3' konce (sekrece)

- amplifikace (Thr-Ala-Ala)n, kde n=4-55

- vznik 4x nezdvisle, konvergentni evoluce - antarkticky a arkticky




Pdvod genu Jingwei

Ancastral wallow-amparor
ATG] TA‘&E TAGE

Gene duplication l

Duplicate copy 1! valw-ampanor
b J

%%DD—D—DDQ%]—DHJTDEF
ATG TAS TAG

Duplicata copy 2: w2

e *
ATG] TﬁﬁE TAGE

Refropcsition of Adh into wande l

ATG| TAGE T:-w::aE ATG

Fecombination of cxons
in yanas and Adh

Aahy
TAA
AATAAA

yande-derived ragion Aah-derivec] region Deqganerate yanda moion

- vznik pred 2 mil let, drosophila
- zdkladem yellow emperor

- duplikace a retro-vélenéni Adh
- Adh terminacni signdl

- degenerace exonu ha 3'konci

- novd kombinace exontl

- pohddka o princezné Jingwei:
reinkarnace utonulé princezny v
krdsného ptdka podobné jako
odhaleni fungujiciho genu v
plvodné objeveném pseudogenu




Pavod genu Sphinx (spx)

Origin of sphinx, a young chimeric RNA gene in
Drosophila melanogaster

Wen Wang*, Frédéric G. Brunet®, Eviatar Nevo?, and Manyuan Long**

*Department of Ecology and Evolution, University of Chicago, 1101 East 57th Street, Chicago, IL&0637; and Hmstitute of Evalution, University of Haifa,
Mount Carmnel, Haifa 31905, lsrasl

Contributed by Eviatar Nevo, February 4, 2002

» spx vznikl inzerci reverzné transkribovaného genu ATP
syntdzového retézce F do genu pro RNA na chromosomu IV
* po oddéleni D. melanogaster pred 2-3 miliony let

G[’:IIDIIIIE DhA structu L} CG4683 (ATP synthase).| 2R, 60D8 RT‘PCR

AATAAA

ATG TAA

AATAAA

sphinx, 4, 102F§ dl - d2d3

GT ’u.’u'l'.h.%ﬁ
e 3 i
= newdF2 S &
GTG TAA T1A7(2nd)R2

cDNA SpEEiES 100bp unspliced, |894bp—
_ _ ) sphinr-m, 935bp —
[TTTTTTTITTESSS] (An | sphinx-s (650nt) sphinx-l, 395bp —

I Bl B (An | sphinx-m|(1280nt)

N T ] [ (An 940nt)




Pdvod genu SETMAR - ,recyklace" transposonu

Birth of a chimeric primate gene by capture of the
transposase gene from a mobile element

Richard Cordaux*, Swalpa Uditt, Mark A. Batzer*, and Cedric Feschottet*

millicn years
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Fig. 1. Milestones leading to the birth of SETAAR. The structure of the SETAMA B locus (Right) and a simplified chronology of the divergence time of the species
examined relative to hominoid primates (Left) are shown. Pink boxes represent the two 5ET exans, which are separated by a single intron (internipted black ling)
and tarm a "3k f-only” genewhose structure 1s conserved inall nonanthropoid speoes examined and terminated with astop codon (#) located at a homologous
position (except in cow; se= Fig. 23). The Hsmari transposon (event 1)was inserted inthe primate lineage, after the split beteseen tarsier and anthropoids, but
before the divergence of extant anthropoid linsages. The transposon is showm herewith its TIRs (black triangles) and trareposase coding sequence (red box).
The secondary Afu5x insertionwithin the TIR of Hsmari (event 2) is represented as a blue diamond. The position of the deletion removing the stop codon of the
“SET-only™ gere (event3) is indicated as a lightning balt. The de nowo corversion from noncoding to exonic sequenceis shown ingreen, the creation of the second
intron is represented as a dashed blue line (gvent 4), ard the splice sites are shown asthick blue liness.
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- vznik nového stop
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- vznik intronu

- DNA vazebna
domeéna Tn zachovana
- TIR mista v genomu

mil let




Pdvod novych genu: Horizontdlni prenos

- vertikdlni (sexualita) a horizontdlni prenos (mezi

druhy)

- konjugace, transdukce a transformace. Endosymbidza,

vhitrobunécny parazitismus (Wolbachia)
- GMO organizmy si budou vyménovat geny s ne-6GMO
- dnes mdlo informaci o horizontdlnim prenosu a jeho

regulaci
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Horizontalni genovy prenos

Escharichia coll K12
Mycobactariun luberewosis
Bacilltie subtifis
Symechecystis PCOGSIG
Deinpcoccus radioourans
Archeeoglobus fulgidis
Asropyrum pemix
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Haemophifus inflaanzes
Halicobacter pylori 26685
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Treponema paficum
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Mycoplasma genitalium
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Pdvod novych genu: Stépeni a fuze genu

YJR109C |
4_22 N oy

88|

YJL130C

96
“Additional’ fusion
Rv1384 —

Vé.réi genom - Vice fLIIZf slio370 —

100] —AF1274 e
100

Number of gene organizations resulting from fission and fusion

AQ2101 and AQ1T2 [+ —

‘Genuine’ fission

HP0919 —(T

Species® Genome size® Fusion  Fission e

ad|g3 ECO033 —

Total Genuine® Frameshift®
e MTH097 and MTH%6 I —
Mycoplasma genitalivm 468 2 2 1 1 1 T Framesnitfisen
Mycoplasma pneumoniae 677 2 1 0 1 83 Gonuing'fission V1378 and MJ1381 — - . —
Rickettsia prowazekii 834 6 2 0 2 CarB —
Borrelia burgdorferi 850 3 | 1 0 q7] PyTAB —
Chiamydia trachomatis 876 B 0 0 0 e e
Treponema pallidum 1031 i 0 0 0
Aguifex aeolicus 1522 12 13 8 5
Helicobacter pylari 26695 1590 9 0 0 0
Haemophilus influenzae 1717 18 13 3 10 v Vv e 2 Vs vV Vv, Vv /
Methanococcus jannaschii 1735 12 7 5 2 - C STeJ S' f uze nez S"'e p enl
Methanobacterium 1871 16 18 5 13 o i , -
thermoautotrophicum A I

Pyrococcus horikoshii 2061 4 3 3 0 — ST e p 6 n l U T e r' m O f I U
Archaeoglobus fulgidus 2407 19 9 8 1
Synechocystis PCCBE03 3168 24 4 4 0
Mycobacterivm tuberculosis 1924 36 4 1 3
Bacillus subtilis 4100 19 1 1 0
Escherichia coli 4290 33 10 2 )

Genome size in number of predicted genes.
bFor a definition of the subdivision in ‘genuine” and ‘frameshift’, see text.
cThermophilic species are shown in bold.




Globinova genova rodina

a, a, q a-globinové geny
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_ B D el el BB [ ] B
b-globinové geny
e G, A, A d b
_ ol — 1 [ 1 B 5kb
I Geny exprimované v embryu
I Geny exprimované v plodu ~
Bl Geny exprimované v dospélost
= Pseudogeny T
200 Mye
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Mechanizmy duplikace genu
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2. nerovhomeérnd vyména mezi sesterskymi chromatidami
3. duplikace pri replikaci
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Napomahaji Helitrony vzniku novych genu?

Rolling-circle transposons in eukaryotes

Viadimir V. Kapitonov* and Jerzy Jurka

Genetic Information Research Institute, 2081 Landings Drive, Mountain View, CA 24043

Communicated by Margaret G. Kidwell, University of Arizona, Tucson, AZ, May 29, 2001 (received for review April 10, 2001)

All eukaryotic DNA transposons reported so far belong to asingle  and best illustrated by a recent study of Sleeping Beaury, a
category of elements transposed by the so-called “ant-and-paste”  Teldike transposon from fish (13), reconstructed from its inac-
mechanism. Here, we report a previously unknown category of  tive copies and demonstrated to be transpositionally active in a
eukaryotic DNA transpoesons, Helitron, which transpose by relling-  test tube. Another much more ancient example is a PiggvBac-like
circle replication. Autonomous Helitrons encode a 5-to-3' DNA  DNA transposon, Leoper, discovered in the human genome
helicase and nuclease/ligase similar to those encoded by known  [V.V.K. and 1J, Repbase Update (1998) www.girinst.org/
relling-circle replicons. Heflitrondike transposons have conserva-  Repbase_Update.html], whose consensus sequence is based on a
tive 5°-TC and CTRR-3' termini and do not have terminal inverted  multiple alignment of the inactive copies, which are = 100 million
repeats. They contain 16- to 20-bp hairpins separated by 10-12  vears old. All genomic copies of Loaper are mutated to the extent
nucleotides from the 3'end and transpose precisely between that no traces of its transposase could be detected at the
the 5°-A and T-¥, with no modifications of the AT target sites.  sequence level. However, the transposase re-emerged from the
Together with their multiple diverged nonautonomous descen-  virtual background noise after reconstructing the consensus
dants, Helitrons constitute ~2% of both the Arabidopsis thallana sequence.

and Caenorhabditis elegans genomes and also colonize the Oriza

sativa genome. Sequer?ce (gnservation suggests that Helitrons Materials and Methods
continue to be transposad. Computational Analysis. TEs reported in the manuscript were

identified by running DNA sequences of prospective TEs against
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Rizena evoluce a design novych gent

Genes from different
organisms
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- cephalosporinase enzym
- rezistence k moxalactamu
- Citrobacter, Enterobacter qj.

- 0.75ug/ml --- 200ug/ml (250x)
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Velikosti intront = <= o=

Homo sapiens Arabidopis thaliana
Intron Size: mean = 3116, median = 1044 Intron Size: mean = 159.3, median = 98
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Drosophila melanogaster Caenorhabditis elegans
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Dystrofinovy gen - obri gen

79 exond, nejdeldi zndmy gen

8 promotord, exprese ve svalech a mozku
2.5 Mb dlouhy (0.1% genomu), 14kb mRNA
delece: Duchenne MD nebo Becker MD
Poloha Xp21, 1:3500 u muZd

Dystrophin Gene - 2.6 Mb with 97 exons
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Hypotézy puvodu intronu

JIntron first™:
- plvodni organizmy obsahovaly introny
- prokaryota je ztratila

JLntron late™:

- plivodni organizmy introny neobsahovaly
- eukaryota je ziskala

Vyznam intrond:
1. Introny uzitecné nejsou, ale organizmy se jich
nedokdzi zbavit

2. Introny maji funkcni vyznam pro organizmy, jsou
uzitecné




Introny byly v genech jiz na pocatku
(“intron first"”)

- studium vnitfni periodicity genl - stejné motivy v exonech i v
sousednich intronech
- mald pravdépodobnost dlouhych dsekl bez stop-kodond,

» evoluéni vyhoda enzymatického aparatu, ktery vystrihne oblasti se
stop-kodony a sestavi dlouhou mRNA

Introny byly do genu vloZzeny az dodatecné
(“intron late™)

- Existuje fada ruznych intrond lidicich se mechanizmem vystrihovéni
z RNA - vznikaly nezdvisle

- Distribuce intront v ramci fylogenetickych stromt svéd¢i o
dodatecném vloZeni spise nez o opakovaném nezdvislém vymizeni




Introns first" versus ,introns late"
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Figure 2. The processes that probably account for the lack of conservation of intron positions between ancient eukaryotic paralogs. (a) Ongoing invasion of group |l self-
splicing elements into eukaryotic genes, giving rise to spliceosomal introns (b} Duplication of an intronless gene followed by differential insertion of introns into the
paralogs. (o} Reverse-transcription-mediated duplication of an intron-containing gene, vielding an intronless paralog that, subsequently, accumulates introns in different
positions. A schematic tree of eukaryotic evolution is shown, emphasizing that all of these processes are attributed to the time between the emergence of the eukaryotes
and the radiation of the known eukaryotic lineages.




Introny jsou genomovymi parazity

+ SiFi se pouze v rdmci genomu, vertikdlni prenos, aby
nezabijeli bunku, pred translaci se vystrihnou

» Samosestrih

- Splicesom - komplex kédovany burikou, ptivodné
parazitickymi introny, koduji enzymy pro horizontdlni Sireni
v rdmci genomu




Introny jsou uzitecné pro organizmy

1. Zvysuji evoluéni potencial organizmu

- souvisi se vznikem eukaryot, v pozadi adaptivni radiace eukaryot,
- nendhodnd distribuce, oddéluji funkéni domény proteind,

- stavebnicovy charakter gent urychluje evoluci novych proteind,

- shizuje pravdépodobnost rekombinace v exonech (doméndch)

2. Souvisi s existenci histonu
- oblasti v kontaktu s histony nepristupné
- introny zpristupnuji regulacni oblasti

3. Umoznuji detekci, pripadné i reparaci mutaci v exonech
- detekce chyb pri prenosu informace, priklad .liché parity"
- introny jako kontrolni sekvence, na drovni sekunddrni struktury

4. Snizuji riziko nelegitimni rekombinace
- paralogy a riziko nelegitimni rekombinace, nefunkéni geny
- v¢lenéni intronl do riznych mist diferencuje geny




Geny na chromosomu Y degeneruji,
maji delSi introny
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Marais et al (CurrBiol 2008)




