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OSNOVA

1. Definice genu, historie
2. Struktura genu
3. Vznik novych genu

4. Velikosti genu
5. Introny — staré nebo mladé



Definice genu
= zakladni jednotka genetické informace zapsana v NK

Podle Sire definice:
1. vSechny sekvence DNA potrebné k syntéze proteinu nebo RNA,

ooooo

2. transkribované sekvence (nezahrnuje regulacni oblasti)
3. useky primo kédujici peptid (nejuzsi) nebo poradi bazi ve

funkcnich molekuldach RNA

Typy genu (Sirsi definice):
Geny strukturni, geny pro RNA a geny-regulacni sekvence



Historie konceptu genu

Klasické obdobi genetiky

- Mendel, Bateson: bunécné elementy, faktory urcujici vlastnosti

- Boveri, Sutton (1902-3): chromozomova teorie dédic¢nosti (chromozomy se prendseji pfi mitdze a meidze)

- Bateson (1905): hrachor, vazba gen( (odporuje Mendlovym zdkon(m)

- Johansen (1909): zaved| pojem ,,gen” (Hugo de Vries - pangen)

- Morgan (1910) (Lock, 1906): geny jsou usporadany linearné na chromozomech, vazbové skupiny

- Sturtevant (1913): Prvni geneticka mapa D. melanogaster

- Dobzhansky a dalsi (20. Iéta): cytologické pokusy s X-rays, indukce zlom{, prestaveb, d(ikaz gent na chromozomech
- Griffith (1928): transformacni experimenty u bakterii — pfenos gen

- Muller (20.- 30. léta): geny jsou neviditelné body na chromozomech (dédi¢nost, rekombinace, mutace, funkce)

Neoklasické obdobi genetiky

- 40. léta: geny mohou byt rozdéleny rekombinaci na segmenty — geny maji délku (DNA ¢i proteiny?)
- Avery, MacLeod a McCarthy (1944): substanci zodpovédnou za transformaci je DNA

- Hershey a Chaseova (1952): genetickou informaci nese DNA (multiplikace bakteriofaga zajiSténa DNA)
- Beadle a Tatum (1941): ,one gene — one enzyme” (souvislost mezi geny a proteiny)

- Watson a Crick (1953): struktura DNA

- Crick (1958): centralni dogma MB a teorie proteosyntézy

- Meselson a Stahl (1958) semikonzervativni replikace

- Jacob a Monod (1961): mRNA, operonova teorie

- Nirenberg, Khorana, Ochoa (1966) geneticky koéd

- 60. léta: gen — RNA — polypeptid

Moderni genetika

- Cohen (1973): rekombinantni molekuly DNA (genové inZenyrstvi)
- slozené geny (1977, Philip Sharp + Richard Roberts, NC 1993)

- smRNA (1998, Andrew Fire + Craig Mello, NC 2006)

- genomoveé-centricky pohled (napf. Heng 2009, BioEssays)
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Geny prokaryot jsou usporadany do operonu
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Hledani genu u prokaryot

* ORF (otevrené Cteci ramce)
e start kodon je nasledovan nejméne 60 AK, poté stop kodon
* homologie se znamymi ORF

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

* Rozdily v obsahu bazi mezi kédujici a nekddujici sekvencemi DNA - obsah GC,
tzv. codon bias




Komplikace u eukaryot

e Slozené geny (split genes)
- introny a exony,
- obratlovci - délka genu 30kb/1-2kb je kddujici
- napt. gen pro dystrophin 2.4 Mb, desitky exon, introny az 32kb

e Velké genomy - u rostlin az 110 000 Mb (Fritillaria assyriaca)
e Vétsina DNA je nekdduijici

- introny, regulacni oblasti, “junk” DNA
- asi 1.5% koduijici (Clovék)

e Slozita regulace genové exprese (modifikace chromatinu,
metylace DNA, RNA, alternativni sestrih)

e Regulacni sekvence mohou byt daleko od start kodonu



Obecné schéma eukaryotického genu
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Slozeny gen
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Jak se hledaji geny?

- otevrené Cteci ramce (ORF) ORF:
- obsah a distribuce nukleotidd, ,genové rysy“
- pouzivani kodon(

- hranice exon-intron

- promotory, regulacni sekvence

- homologie v databazich, EST

ATG-1 ATG-2
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»,Many message problem“
u eukaryot



Alternativni sestrih

Exon 2 Exon 3 Exon 4

DNA

l transkripce S, .
primarni transkript
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alternativni sestrih RNA
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Struktura promotoru

Uopst TATA RNA gene regulatory sequences
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Geny v genech a jiné podivnosti

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

e geny uvnitf jinych genu:

Neurofibromatosis type | gene 5 kb
intron 27
l_--- I I I I
OoMGP EVI2B EVI2A
Geny

(transkripce v opacné orientaci)
e pseudogeny:



Pseudogeny

Definice:

- sekvence podobna genu, nekdduje funkeni produkt
- nefunkéni relikt puvodné funkéniho genu

Problém definice:

- pseudogen muze plnit dlezitou funkci (nekddujici 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 md 19 000 pseudogend, pravidlo 50:50




Nekddujici RNA

microRNAs — 22bazi

SiRNAs — small-interferring, 20-25 bazi
PIRNAs — PIWI-interacting RNA

snoRNAs — small nucleolar RNA

SNRNAs — small nuclear RNA

exRNAs — extracellular RNA

scaRNAs — small Cajal body-specific RNA

long ncRNAs — delsi nez 200 bp, role v regulaci
transkripce, nékteré translatovanaé, Xist and HOTAIR.



VZNIK NOVYCH GENU



Kazdy gen vznika z genu
(nebo de-novo)

- geny jsou si podobné, duplikace a postupna divergence genu,
genealogické stromy

- genove rodiny a nadrodiny
- pocCet genu u eukaryot: 10 000 — 40 000

- pocet zdkladnich modulti maly: stovky-max tisice vzajemné
nepribuznych exond, nejmensi jsou genové moduly

- Ale nékteré geny vznikaji de-novo z ,,junk DNA" 11!



(a) Preskupovani
exonu:

(b) Duplikace
genu:

(c) Retrotranspozice:

(d) Fuze a stépeni
genu:

Vznik novych gent
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Evoluce genovou duplikaci

- duplikace je zakladem diverzifikace

- zrod novych genU u rostlin, kvasinky a drosophily je 10x
pomalejsi nez u C. elegans

- polocas rozpadu genul delSi u rostlin, duplikaty pretrvavaiji,
mechanizmy retence duplikatl?

(Ohno, 1970
- disperzni x tandemové kopie — rychlost asymetrické evoluce, ¢asto u

rostlin zUstavaji v tandemu
- v nerekombinujicich oblastech — rychlejsi evoluce

2
e

.

Duplikace casti genu:

duplikace domén/vnitini ¢asti genu = zvyseni funkce nebo nova
funkce prostrednictvim novych kombinaci

Duplikace celého genu (genova rodina)
stejna kopie: zvySeni davky genu,
rozraznéni kopii: nové funkce
Duplikace klastru genu




Genova duplikace: pseudogenizace,
neofunkcionalizace, subfunkcionalizace

(@) Klasicky model Ohno:
I — '"-
Moderni pohled:

(b)
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Globinova genova rodina — vznik duplikaci

a-globinové geny

e G, A Yy

b-globinové geny
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— Geny exprimované v dospélosti
(I—

Pseudogeny

Copyrhght 0 Thae oGy HIll Compan b, lse. Permibsbon regquined for repeodectbon or display.

Phylogenetic Tree
of
Globin Gene

Myo gluﬁw
Porpolse, AVhale -

p-Hemoglobi

“ e “Mollusk globin
Insect and anneli

bi
\ & Annelid worm
insact

globin gene
010 30 50
izl

Humiber of nucleotice substitulions

800 Myr
500 Myr
200 Myr
100 Myr

40 Myr
i B N 2 T I e
Myoglobin & i [V E G, A ] fi

ti-globins [-globins




Mechanizmy duplikace genu

(B) Unogual sigter chremard exchanga

(A} Unequal crossing over
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Puvod novych genu: Preskupovani exonu
(exon shuffling)

e exony ruznych genu jsou spojeny dohromady za vzniku nového genu
e exon muze byt duplikovan za vzniku nové exon-intronové struktury
e kombinace domén rtiznych proteinl — mozaikovy protein

. new gene
Mechanizmy: 7

Ektopicka rekombinace
Nelegitimni rekombinace

L)
R Chromosome Il

- o — * Chromosome |




Vznik nového genu na prikladu AFGP

Antarkticky AFGP 5 1 2 3 a
10 mil let: Ancestral trypsinogen gene
DelecN
5 1 6

4x duplikace +

. s, , Thr Ala Ala Gly
pridani spacerové sekvence l
5’ 1 6’
N
Vnitrni duplikace + l spacer: Gly

pridani intronové sekvence

Antifreeze glycoprotein gene (AFGP)

- brani zmrznuti télnich tekutin, rdstu krystalkt ledu

- vznikl pred 10 mil let, prvni zamrznuti polarnich oblasti
- vznik z trypsinogenu, zachovan 5’ a 3’ konce (sekrece)
- amplifikace (Thr-Ala-Ala)n, kde n=4-55

- konvergentni evoluce — antarkticky a arkticky

Antarktické ryby
Notothenioidei
Rad Ostnoploutvi




Arkticky AFGP: vznikl de-novo pred 13-18 miliony let

AFGP vznikl tandemovou duplikaci pavodné
nekddujici DNA a ziskem regulacnich sekvenci
(zadnd homologie nebo syntenie k trypsinogenu)
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Plivod genu Jingwei + Sfinx retrotranspozici

do intronu

Ancastral welow-ampenor
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- vznik pred 2 mil let, drosophila
- zakladem yellow emperor

- duplikace a retro-vclenéni Adh
- Adh terminacni signal

- degenerace exonl na 3’konci

- nova kombinace exon(

- pohadka o princezné Jingwei: reinkarnace utonulé
princezny v krasného ptaka podobné jako odhaleni
fungujiciho genu v plivodné objeveném pseudogenu
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Plivod 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 Cédric Feschottet?
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Fig. 1. Milestones leading tothe birth of SETMAR. The structure of the SETAMA R locus (Right) and a simplified chronology of the divergence time of the species
exarmined relative to hominoid primates (Left) are shown. Pink boxes represent the two SET exons, which are separated by a single intron (internupted black line)
and form a “SET-only’ genewhaose structure is conserved in all nonarthropoid species examined and terminatedwith astop codon (+) located at a homologous
position (except in cows see Fig. 2a). The Hsmarl transposon (event 1)was inserted inthe primate lineage, after the split between tarsier and anthropoids, but
before the divergence of extant anthropoid lineages. The transposon is shown herewith its TIRs (black triangles) and trarsposase coding sequence (red box).
Thesecondary Afusx insertion withinthe TIR of Himarl {ewent 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 light ning bolt. The de novo corvversion from noncoding to exonic sequenceis shown ingreen, the creation of the second
intron is represented as a dashed blue line (event 4), and the splice sites are shown asthick blue lines.




Mnohonasobny vznik transkripcnich faktoru
zaClenénim transpozazy u obratlovcu
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Mnohonasobny vznik transkripcnich faktoru

zaClenénim transpozazy u obratlovcu

Fig. 1. Gene birth by transpo-
sase capture in tetrapods.
Tetrapod phylogenetic tree with
boxes representing HTF fusion
genes. Colors indicate the trans-
posase superfamily assimilated.
Numbers in parentheses indicate
the number of HTF genes identi-

fied in the specified lineage. OWM,

Old World monkeys; NWM, New
World monkeys; GM, gray mouse;
Oth., other; H., hystricoid; C.,
castorid; M., muroid; Miniopt.,

miniopterid; Vesper, vespertilionid;

5.5., soft-shelled; B., bearded
dragon; G., green; B., Burmese
python; L., lacertid; J., Japanese;

T., tropical; A., African; M., moun-

tain; LCA, last common ancestor;
MY, million years.
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Long terminal repeats power evolution of genes

and gene expression programs in mammalian
oocytes and zygotes (Franke et al., 2017)
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Puivod novych genu: Horizontalni prenos

- vertikalni (sexualita) a horizontalni prenos (mezi druhy)

- bakterie - konjugace, transdukce a transformace

- virnici pijavenky (Bdelloidea) — z bakterii, hub, fas, prvok
- vnitrobunécny parazitismus (Wolbachia)

- DNA transposony

- endosymbidza — promiskuitni DNA

- GMO organizmy si budou vyménovat geny s ne-GMO

Flasmid :
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Horizontalni genovy prenos u bakterii

Eseherichia col K12
Mycabactarium tubercilosis
Bacnius subiis
Synechocystis PCUESIG
Deinococcus radiodurans
Archasoglobus fuigidus |4
Asropyrum pamix |A
Thermatoga mantime
Pyrococeus horikoshil | &
Methanobacterium tharmaosutotrophicum |A
Haemophilus influanzes
Halcobactar pylori 26665
Aquifex asolicus
Methanococous fannaschii |A
Treponama paiifcm
Bourelia burgdoner
Rickettsia prowazehn
Mycoplasms pReumonize
Mycoplasma genitaium
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Péivod novych genii: Stépeni a fuze gent (na zakladé studia ortologi)

The evolutionary history of carbamoyl phosphate synthase B (CarB)
YJR109C —T———
N B ._22 _ DN j o0 — —
% YJL130C —
‘Additional’ fusion

Rv1384 —(T—

Vetsi genom — vice fuzi

sli0370 —( T

100 —————AF274 — T
100

Number of gene organizations resulting from fission and fusion

Genine Teson AQ2101 and AQ1172

. . . - HPO9TS
Species® Genome size® Fusion Fission w0

) ) 88|5; EC0033 —(
Total Genuine® Frameshifi® ’

. — MTHS97 and MTHG96 —[H ——

Mycoplasma genitalivm 468 2 i 1 1 —|1m Framesnit sson
Mycoplasma pneumoniae 677 2 1 0 1 8 Gonunerfisson MV 1378 and Mu1361 —E CIN.—
Rickettsia prowazekii 834 b 2 0 2 CarB e
Borrelia burgdorferi 850 3 1 1 0 a7 PIAB
Chlamydia trachomatis 876 8 0 0 0 o ! e
Treponema pallidum 1031 b 0 0 0
Aguifex aeolicus 1522 12 13 8 5
Helicabacter pylori 26695 1590 9 0 0 0
Haemophilus influenzae iy 18 13 3 10
Methanoceccus jannaschii 1735 12 7 5 2 ~ MM L vy i M 4
Methanobacteriam 1871 16 18 5 13 - castejsi fuze nez sté peni

thermoautotrophicym v. v , .1 0
Pyrococcus horikoshii 2061 4 3 3 0 - Stépeni u termofilu
Archaeoglobus fulgidus 2407 19 g9 8 1
Synechocystis PCCE03 3168 24 g 4 0
Mycobacterium tuberculosis 3924 36 4 1 3
Bacillus subtilis 4100 19 1 1 0
Escherichia coli 4290 33 10 2 8

sGenome size in number of predicted genes.
bFaor a definition of the subdivision in ‘genuine’ and “frameshift’, see text.
Thermophilic species are shown in bold.




Napomahaji Helitrony vzniku novych genu?

» [

ORFs)

Viadimir V. Kapitonov* and Jerzy Jurka

All eukaryotic DNA transposons reported so far belong to a single
category of elements transposed by the so-called “cut-and -paste”
mechanism. Here, we report a previously unknown category of
eukaryotic DNA transposons, Helitron, which transpose by rolling-
circle replication. Autonomous Helitrons encode a 5'-to-3' DNA
helicase and nuclease/ligase similar to those encoded by known
rolling<circle replicons. Helitron-ike transposons have conserva-
tive 5'-TC and CTRR-3' termini and de not have terminal inverted
repeats. They contain 16- to 20-bp hairpins separated by 10-12
nucleotides frem the 3"end and transpose precisely between
the 5-A and T-3', with no modifications of the AT target sites.
Together with their multiple diverged nonautonomous descen-
dants, Helftrons constitute ~2% of both the Arabidopsis thafiana
and Caenorhabditis efegans genomes and also colonize the Oriza
sativa genome. Sequence conservation suggests that Helitrons
continue to be transposed.

16-20 nt

Rolling-circle transposons in eukaryotes

Genetic Information Research Institute, 2081 Landings Drive, Mountain View, CA 94043

Communicated by Margaret G. Kichwell, University of Arizona, Tueson, AZ, May 29, 2001 {recsived for review April 10, 2001)

and best illustrated by a recent study of Sleeping Beauty, a
Tel-like transposon from fish (13), reconstructed from its inac-
tive copies and demonstrated to be transpositionally active in a
test tube. Another much more ancient example is a PiggyBac-like
DNA transposon, Looper, discovered in the human genome
[VV.K and LJ, Repbase Update (1998) www.girinst.org/
Repbase_Update.html], whose consensus sequence is based on a
multiple alignment of the inactive copies, which are =100 million
vears old. All genomic copies of Looper are mutated to the extent
that no traces of its transposase could be detected at the
sequence level. However, the transposase re-emerged from the
virtual background noise after reconstructing the consensus
sequence

Materlals and Methods
Computational Analysis. TEs reported in the manuscript were
identified by running DNA sequences of prospective TEs against

AT CTROT

CTAGT

CTHGT

—Hi
Ha-1-
HEHR-
-1
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Pocty exonu jsou nejvyss
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Velikosti intronu.s —

Homo sapiens

Intron Size: mean = 3116, median = 1044

Arabidopis thaliana

Intron Size: mean = 159.3, median = 98
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3 000bp 160bp
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(a) log10 (Intron Size) (b) log10 (Intron Size)
Drosophila melanogaster Caenorhabditis elegans
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Dystrofinovy gen — ob¥ri gen

79 exonu, nejdelsi 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 muzu

Dystrophin Gene - 2.6 Mb with 57 exons

“as Mormal

Becker
{(mild)

l)_.—"‘_ — B _\--"-\
g /\-/\-/\-/\-_ “_Large deletion, but reading frame is left intact .~
Duchenne
(severe)

Small deletion, but reading frame is changed

Dystrophin Full-Length Protein

Dystrophin Mini-Protein
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Hypotézy puvodu intronu

gIntron first”:
- plvodni organizmy obsahovaly introny
- prokaryota je ztratila

,lntron late:

- plvodni organizmy introny neobsahovaly
- eukaryota je ziskala

Vvznam intronu:

1. Introny uzitecné nejsou, ale organizmy se jich nedokazi
zbavit

2. Introny maji funkcni vyznam pro organizmy, jsou uzitecné



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

e studium vnitrni periodicity genll — stejné motivy v exonech i v sousednich
intronech

* mala pravdépodobnost dlouhych usekt bez stop-kodond,
e evolucni vwvhoda enzymatického aparatu, ktery vystrihne oblasti se stop-
kodony a sestavi dlouhou mRNA

Introny byly do genti vlozeny az dodatecneé
(“intron late”)

e Existuje rada rliznych intronu liSicich se mechanizmem vystrihovani z RNA —
vznikaly nezavisle

e Distribuce intronl v ramci fylogenetickych stromu svédci o dodate¢ném
vloZeni spiSe nez o opakovaném nezavislém vymizeni



,Introns first“ versus ,introns late”

\ H’ —~~  Radiation of eukaryotic lineages

\

‘ﬁ- Invasion

] -

-_—_—_—E[E]—:I—.-
2 invaze

{c) Reverse transcription and
duplication

/m: asion

-

Polohy intron0 u paralogl nejsou
v homologickych mistech

~_ (&) Invasion

(b) Duplication
Duplikace a invaze

Group Il self-splicing
elaments

Protosukaryote

TRENDS in Gametics

Reverzni transkripce a

Figure 2. The processes that probably account for the lack of conservation of intron positions between ancient eukaryotic paralogs. (a) Ongoing invasion of group 1l self-
splicing elements into eukaryotic genes, giving rise to spliceosomal introns. (bl 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

e Si¥i se pouze v ramci genomu, vertikalni pfenos, aby nezabijeli buriku, pfed
translaci se vystrihnou

e schopnost samosestrihu

* Splicesom — komplex kddovany burikou, plvodné parazitickymi introny,
koduji enzymy pro Sifeni v ramci genomu
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Introny jsou uzitecné pro organizmy

1. Zvysuji evolucni potencial organizmu

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

- snizuje pravdépodobnost rekombinace v exonech (doménach)

- stavebnicovy charakter gen( urychluje evoluci novych protein(

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

3. Snizuji riziko nelegitimni rekombinace
- paralogy a riziko nelegitimni rekombinace
- v€lenéni intront do rdznych mist diferencuje geny, snizuje riziko NR




Geny na chromosomu Y degeneruiji,

DD44Y

DD44X

DD44A

_maji delsi introny_
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