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

1. vsechny sekvence DNA potrebné k syntéze proteinu
nebo RNA, tedy i regulacni a signdlni sekvence (nejsirsi)

2. transkribované sekvence (nezahrnuje regulacni oblasti)
3. Useky primo koédujici peptid (nejuzsi) nebo poradi bdzi ve
funkénich molekuldch RNA

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




Historie konceptu genu

- Mendel, Bateson: faktory urcujici vlastnosti

- Morgan: geny jsou uspordddny 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/
tetranukleotidovad teorie DNA

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

- Watson a Crick (1953): struktura DNA

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

- Jacob a Monod (1961): operonovad teorie

- Nirenberg, Khorana, Ochoa (1966) geneticky kéd




Kazdy gen vznikd z genu
- geny jsou si podobné, duplikace a postupnd divergence
gend
- genové rodiny a nadrodiny, genealogické stromy
- pocet genl u eukaryot: 10 000 - 40 000
- poCet zdkladnich modult maly: stovky-max tisice

vzdjemné nepribuznych exont, nejmensi jsou genové
moduly




STRUKTURA
GENU




Obecné schéma eukaryotického genu

vedouci
promotor sekvence gen
|| | |
startovaci vadenvla&ni
CAAT TATA pukleotid ATG exonl intron exon 2Polyadenylacni

box  box ... e o




Jak se hledaji geny?

- otevrené cteci ramce (ORF)

- obsah a distribuce nukleotidd, .genové rysy" -
- pouzivdni kodond  —————
- hranice exon-intron P — -
- promotory, requlacni sekvence
- homologie v databdzich, EST

ATG=1 ATG-2
4:!. .,!} 14 15 16 10 1% 24
1 4 &
. . . flm 12
4-1R 1 [ 1 0
RMAS

L;vﬂ,.

.Many message problem”
u eukaryot
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Hledani genu u prokaryot

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

Signdlni_sekvence
- Transkripce - konsensus promotorové a terminachi sekvenci
- Translace - vazebné misto na ribozém: Shine-Dalgarnova
sekvence

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




Geny prokaryot jsou usporadany
do operonu

Promoter for
regulatory gene

'il Regulatory
| gene
Promoter for/ac operon

Structural loci ———»y
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Komplikace u eukaryot

- Slozené geny (split genes)
- Introny a exony,

- obratlovci - délka genu 30kb/1-2kb je kddujici

- napr. gen pro dystrophin 2.4 Mb, desitky exona,
introny az 32kb

+ Velké genomy - u rostlin az 110 000 Mb (Fritillaria
assyriaca)

+ VEétsSina DNA je nekddujici

- introny, requlacni oblasti, "junk” DNA

- asi 3% kodujici (¢lovek)

- Slozita regulace genové exprese (modifikace
chromatinu, alternativni sestiih)

- Regulaéni sekvence mohou byt daleko od start kodonu




Slozeny gen

Gen

Exonl Intronl Exon 2 Intron 2Exon 3

B BN R DNA

J transkripce

I — e primadrni transkript

sestrih RNA
I

Exonl Exon2 Exon3
[ mMRNA




Struktura Typického eukaryotnického genu
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Ovalbumin gene from chicken

exon - expressed sequence, intron - intervening sequence




Struktura promotoru

Upstream TATA mENA
promoter clements  box initation

CCAAT
GGGGCGG
GCCACACCC Vi
ATGCAAAT

L 100bp |

spacer DMA

gene regulatory <

Relative transcription level

3.5

3.0

1.0

GCCACACCC GGCCAATC ATﬁT&A
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upstream

gene regulatnrg Sequences

general transcription
" factors

=) EMA& polymerase
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promoter transcription
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mutace v kritickych
mistech blokuji
transkripci




Alternativni sestrih

| Gen |
Exon 1 Exon 2 Exon 3 Exon 4

DNA

J‘rranskripce L, .
primarni transkript

alternativni sestrih RNA

N

Exonl Exon?2 Exon 4
Mﬂ 3 meeeeeeeeessssss MRNA

|
Pro‘riin A @ Protein B @.




Geny v genech a jiné podivnosti

- prekryvajici se geny: met val .. Gen A
GTTTATGGTA

val tyr gly ... Gen B

- geny uvnitt jinych genu:

Neurofibromatosis type I gene 5 kb
intron 27
l_-:- 1 [] B .
OMGP EVI2B EVI2A

\ GeTny/

(transkripce v opacné orientaci)
* pseudogeny:




Pseudogeny

Definice:

- sekvence podobnd genu, nekdduje funkéni produkt
- nefunkéni relikt pivodné funkéniho genu

Problém definice:

- pseudogen mize plnit dileZitou funkci (nekddujici RNA,
regulacni sekvence, stabilita RNA svého homologa),

- komplikuji molbiol. studie

Vznik:

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

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




Periodicita sekvenci uvnitt genu

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

- Periodicita vznikla pred vznikem genetického kédu a odrdzi pavodni
mechanizmus autoreprodukce krdtkych dsekid 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 hovych gent posunovou mutaci - ORF ve druhém ¢tecim rdmci

- obrana proti posunovym mutacim

- obrana proti ¢astému zahajovdni transkripce mimo geny

- nerovhomérné pouzivdni synonymnich kodond, hojnost t1RNA,

nikoli maximalizace ale optimalizace rychlosti syntézy proteinu -

dusledek periodicity




VZNIK NOVYCH GENU




Vznik novych genu

v / / :
(a) Preskupovdni +

o
exonu.

., B L BN

(b) Duplikace gy . 1 B | Hl
genl: T

(c) Retrotranspozice: _| mmmm  _ , _| oomm

(d) Flze a _ e , N
$tépeni genu: —




Evoluce genovou duplikaci

- duplikace je zdkladem diverzifikace

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

- polocas rozpadu genu delsi u rostlin, duphka’ry
pretrvavaji, mechanizmy retence dupllka’ru9 (Ohno 1970)
- ¢asto u rostlin zlustavaji v tandemu

Duplikace éasti genu:

duplikace domén/vnitrni casti genu = zvyseni funkce, nova
funkce prostrednictvim novych kombinaci

Duplikace celého genu (genova rodina)

stejnd kopie: zvyseni davky genu,

rozruznéni kopii: nové funkce

Duplikace klastru gend




Genova duplikace: pseudogenizace,

neofunkcionalizace, subfunkcionalizace

@ Klasicky model Ohno: F’seudogenizati-an

Redundancy /“V 000

\Neufunmmnallzatmn

COOIN — o0

Moder'm pohled:

& Neufu nctionalization F’seudngemzanon

&“{‘
45} “_ "_
- Mecfunctionalization
(coding)

000
Reduncancy 4, §0-0
_l-"'_'-'_.-._'-'-'_.-'-r

Meofunctionalization

Subfuncticnalization
(partial redundancy)

m—\

. Regulatory subfunction
D Gain of regulatory subfunction
D Loss of regulatory subfunction

I Coding function
[ ] Gain of coding function
[ ] Loss of coding function

+ Gain-of-function mutation

— Loss-of-function mutation

(regulatory) Neofunctionalization

andior
"_.-\;x subfunctionalization
O andlor
'{}'— \subfunctmnallzatlon

Subfunctionalization
(complete)

Meofunctionalization

GO0
GO0
lrfi}t-/

Current Opinion in Plant Biology




Pivod novych geni: Preskupovdni exond
(exon shuffling)

- exony ruznych genu jsou spojeny dohromady za vzniku nového
genu

- exon muze byt duplikovdn za vzniku nové exon-intronové
struktury

- kombinace domén ruznych proteind - mozaikovy protein

eeeeee

Mechanizmy: x )
Ektopicka rekombinace e Chromosome ]
Nelegitimni rekombinace




Vznik nového genu na prikladu

5 1

Ancestral trypsinogen
Delechene\ /

2

3 4

5

6

AFGP

1 6’

;’

4x duplikace +

pridani spacerové sekvence

Thr Ala Ala Gly

l

;’

Vnitrni duplikace +

pridani intronové sekvence

1 L6’

3,

l Spacer: Gly

7l K1 EX ) K1 K B2 s

37 Il 38 Il 39 Il 40 Il 41 I‘ 6’

Antifreeze glycoprotein gene

- brdni zmrznuti télnich tekutin, rastu krystalku ledu

- 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 az n=55
- vznik 4x nezdvisle, konvergentni evoluce - antarkticky a arkticky




Puvod genu Jingwer

Ancastral welow-ampancr

RO E UG- - vznik pred 2 mil let, drosophila
rectplaten | - zdkladem yellow emperor

Duplicate copy 1: waliow-ampenr . v v 7
o {mm - duplikace a retro-vélenéni Adh
o e - Adh terminacni signdl
uplicate copy 2 yande .

- - - degenerace exonu na 3konci

ATG- TAG TAG ’ . v . .
PercpostionctAch oyt | - pohadka o princezne Jingwei

(reinkarnace utonulé princezny v

s il krdsného ptdka podobné jako
ATG TAGE mtaE ATG} Taa] ‘

%l |odhaleni fungujiciho genu v

Halnfgﬁmbigiﬁon Ghr aMonG v . /
Sl | puvodné objeveném pseudogenu)
firgrei
R -
ATG mal |
- AATAAA

yanda-derived ragion Aah-derived ragicon Deganerate yanda m@aion




Pdvod 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 Chicage, 1101 East 57th Street, Chicage, ILE0637; and Yinstitute of Evolution, University of Haifa,
Maount Carmel, Haifa 31905, Isragl

Cantributed by Eviatar Mewa, February 4, 2002

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

Genomic DNA structure oo RT-PCR

ATG TAA AATAAA

sphinx, 4, 102F8 AATAAA

GT PATAAA 1
—[ TS o
= new4F2 clanes &
GTG TAA T71A7(2ndIR2
cDNA species 100bp unspliced, 1894bp—
P . , " sphinx-m, 935bp _
[TITTTITIIESS] (A | sphine-s (650nt) sphinx-f, 595bp —
[TTTTITITTTR S T 1 B (A)n | sphinx-m|(1280nt)

[T T B (A [sphinx£]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 Udit*, Mark A. Batzer*, and Cédric Feschottet?

i rrnlting  yEars
ff {Hﬂr?nr:mﬁis; m ﬁ _E'“?':l' H ston
O . m 'I'yl'l'r'ar'lsfer'aza +
e i ﬁ & transpozaza

MO —QO0DVDOoOBDIA=Z>F
o

P

R

I | Iy 1

E{ New World monkeys e / _'E' L4 }j'ﬂ‘ii E .

T | (Owl monkey) Mgt 23 OﬂlZOCe

S | Emergence of SETMAR o e nekodujici sekvence

e\ B s 5 “H a \vznik intronu

b 4%
PROSIMIANS \“ﬂ- —

k 50 mil let
PLACENTAL MAMMALS - <
{Mouse, Rat, Dog, Cow) an
MARSUPIALS (Opossum) w 123{
—

VERTEBRATES (Zebrafish) == 4 ‘4‘

Fig.1. Milestones leading tothe birth of SETAMAR. The structure of the SETMAR locus (Right) ard a simplified chronology of the divergence time of the species
examined relative to haminoid prirnates (Left) are shown. Pink booes represent the two SET exons, which are separated by a single intron {internupted black line)
and form a “SET-only" genewhose structure is conserved in all nonamthropoid specdes examined and terminated with astop codon {*) lecated at a homelogous
position {except in cow; see Fig. 2a). The Hsmar? transposon (event 1)was inserted inthe primate lineage, after the split betesesn tarsier and armthropoids, but
before the divergence of extant anthropoid lineages. The transposon is shown herewith its TIRs (black triangles) and trareposase coding sequence (red box).
The secondary AluSx inssrtionwithin the TIR of Himari (event 2) is representad as a blue diamond. The position of the deletion remaoving the stop codon of the
VSET-only' gere (event 3] is indicated as a lightning balt. The denovo corversion from roncoding to exonic sequenceis shown in green, the creation of the second
intran is represented as a dashed blue line (event 4), and the splice sites are shown as thick blue lines,
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Pdvod novych genu: Horizontdlni prenos

- vertikdlni (sexualita) a horizontadlni prenos (mezi druhy)

- konjugace, transdukce a transformace. Endosymbidza

- ireni rezistence k antibiotikum

- vnitrobunécény parazitismus (Wolbachia, prenos fragmentu
na X chromosom hmyzu)

Plaamid  »

R Donor |
T -_-_,-—t—'_ "—-.__ ¥ ‘H“h' by

| | [ : Plazmid

\ ﬁ_a,.l,?ra,_ bﬂeghtantr’f
I 4 Fd ‘ol free ot —'K\u gens I;"
| “Ihnusri':: ATION ,1.-@ COMMIGATION

_{1.}) Flasat id

L = | transfer
'1’t tant. Gene goes f
dead gene . ta plaﬂmn:l f
bacterium = (
chr-:-rn-:a-:-rn
Vi ﬂNSﬂUEﬂUN
Ela'cterlurn Tramfer
f 0 reseivin ay viba!

re_ﬁ E:tan - -:n'e.'.' 1=

——




Horizontalni genovy prenos

» prirodni genetické inzenyrstvi je Casté, dokonce i mezi evolu¢ne
vzddlenymi taxony

* GMO organizmy si budou vymeénovat geny s ne-GMO

» dnes mdlo informaci o horizontdlnim prenosu a jeho reqgulaci

» misto stromu zivota Iépe mluvit o pavuciné (siti, webu) Zivota

Bacteria Eukarya Archaea
NN € A EDZ Mechanizmy:
}fé =Y ©IVymena plazmidu
@ (5 Konjugace
L Vir
)Y Transposony
/ Promiskuitni DNA |
Absorbce z prostre
> \ - Faze bunék




Horizontalni genovy prenos

Escherichia coll K12
Mycobacteriunm tubercwosis
Bacifrs subiiis
Synechecystls PCCES13
Deinococcus radiodurans
Archesoglobua fulgldte |A
Apropyrum pemix JA
Thermatoga maritimsa
Pyrococcus horikoshil
Mathanobactenium thammosutotrophicum
Haemophilus influanzss
Halicobactar pylori 26855
Aquifex asolficus
Mathanococcus jannaschii |A
Treponema patficum
Barralia burgdorferi
HRickattsia provazakii

=

I 12,5
33
7S
R 15,6
B2
W52
§32
Wca
2.7
o4
l45
Ms2
ot
1.3
138
0.1
0.0

Mycoplzsma pnsumonise || 11.6-

Mycoplasma genitalium 0o

0

Metody studia

primé:

Subtraktivni hybridizace
Microarrays

1,000 2,000 3,000 4,000
Protein-codina saduance (kb

neprimé:

Zastoupeni kodoni (codon bias)

GC obsah

Konzervativni poradi gen

Vysoka homologie se vzddlenym druhem




Pdvod novych genu: Stépeni a fuze gend

>> YJR109C ———
—_ .| i oo0es
8 YJL130C

‘Additional’ fusion
Rv1384 —TTT

Vétsi genom - vice fuzi I —

00| ——————AF1274 —T———
100

Number of gene organizations resulting from fission and fusion

o ————— —( - —
Seniine fission AQ2101 and AQ1172

Species® Genome size® Fusion Fission m@{ e me———

a8|g3 EC0033 —T

Total Genuine® Frameshift®
. e MTH97 and MTHI96 —H I
Mycoplasma genitalium 468 2 i | | —|1m Framesnit fission
Mycoplasma pneumoniae 677 2 l 0 | 83 Genine'fission NI1378 and Ma1361 — T T
Rickettsia prowazekii 834 b Z 0 2 CarB o
Borrelia burgdorferi 850 3 l 1 0 o7
Chlamydia trachomatis 876 8 0 0 0 o0 PITS T e
Treponema pallidum 1031 B 0 0 0
Aquifex aeolicus 1522 12 13 8 5
Helicobacter pylori 26695 1590 9 0 0 0
Haemophilus influenzae 1717 18 13 3 10 v vV evs y vV VvV, Vv y
Methanocaccus jannaschii 1735 12 7 5 2 - C GS TeJ Sl f uze nez S'l'eper"
Methanobacterium 1871 16 18 5 13 v o , o
thermoautofrophicum f . I

Fyrococcus horikoshii 2061 4 3 3 0 - S T e p e n | U T e r' m O l u
Archaeoglobus fulgidus 2007 19 g 8 1
Synechocystis PCCGA03 168 24 4 4 0
Mycobacterium tuberculosis 1924 36 q | 3
Bacillus subtilis 4100 19 l 1 0
Escherichia coli 4290 33 10 2 8

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




Pdvod novych genu: Vznik genu de novo?

Gen Sdic (D. melanogaster): preména intronu v exon

- duplikace a fuze genl Cdic + AnnX

- vznik Sdlic, nachdzi se v deseti kopiich mezi rodi¢ ovskymi
geny, nové promotory - tkanove-specif. exprese

- fandemova duplikace

A. Origin of Sdic

- . Refinement Tandem
Duplication Fusion of Sdic duplications

CA—» CACA——» C[ACA —®» CSA —» CS55---SSA

Cdic  AnnX Sdic
gene gene gene

B. Structure of Sdic

Annx Cdic Cdlic
3UTR intron 3 exaon d4—intron 4—exon v1
Rest of
& ~ hvd N/ ™ Cdic
Transcription
40 10 128 33 177
23 32 |27 35 11 04 68 388 1453

} . { [
DCE TSE PCE ATG -~ // Cdic Cdic Cdic
\—\/—/ \nserdan exon 4 axon v exon 5
Key pramoter sequences:

Distal conserved element (DCE) Multiple deletions,

I~ New 5 Excised i i
Testes-specific element (TSE) _ - Beginning splice by splicing ;r;c:gd;:g gggsbof
Proximal conserved element (PCE)  of now 5' site from the exons v2 and vgl

coding Sdic

deleted
sequence transcript




Globinova genova rodina

o—globinové gen
S Wer Wor Wai " U 0 = 2ty
i ] Ll Bl [ [ [
G A B—globinové geny
& Y Y Wp
_ I [ ] ] ] 5kb
I Geny exprimované v embryu
800 Myr
I Geny exprimované v plodu
Bl Geny exprimované v dospélosti
] Pseudogeny kol
200 My
100 Myr
40 Myr
— e -0 e 1 I N
Myoglabin & oty i £ G, A i f
tx-globins [-globins




Mechanizmy duplikace genu

(B) Wnegual sisrer chromatd exchangs
S E—
{8} Unequal crassing ovar 1
Hepear sequentces
o] i
x—_hf—_ - 1
e — - Palr of
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chromoscames ::':.-_ e —
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l () During DA replication
- ==
_'“"'--5 i Raplication fark Raplicadon fork
i AN -
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1. nerovnomérny crossing-over (ruzné chromosomy)
2. nerovnomérnd vyména mezi sesterskymi chromatidami
3. duplikace pri replikaci
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Napomadhaji Helitrony vzniku novych genu?

Rolling-circle transposons in eukaryotes

Viadi

ir V. Kapitonov* and Jerzy Jurka

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

Communicated by Margaret G. Kicwell, University of Arizona, Tucson, AZ, May 28, 2001 received for review April 10, 2001)

All eukaryotic DNA transpesons reperted 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
sukaryotic DNA transposons, Helitran, which transpose by rolling-
dircle replication. Autonomous Helftrons encode a 5'-to-3" DNA
helicase and nucleass;ligase similar to those encoded by known
rolling-circle replicons. Helitronike transposons have conserva-
tive 5-TC and CTRR-3' termini and do not have terminal inverted
repeats. They contain 16- to 20-bp hairpins separated by 10-12
nucleotides from the 3'end and transpose precisely between
the 5'-A and T-¥', with no modifications of the AT target sites.
Together with their multiple diverged nonautonomous descen-
dants, Helitrans constitute ~2% of both the Arabidopsis thaliana
and Caenorhabditis elegans genomes and also colonize the Oriza
sativa genome. Sequence conservation suggests that Helitrons
continue to be transposed.

and best illustrated by a recent study of Sleeping Beaury, 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, Leoper, discovered in the human genome
[VVK and 1I, Repbase Update (1998) www.girinstorg/
Repbase_Update.html], whose consensus sequence is based on a
multiple alignment of the inactive capies, which are =100 million
years old. All genomic copies of Logper 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
virtval 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

| L nTAGT

L | CTHET

b afS CTAQT

HHE-1-

BRI

d —HH =

CIAGE




Rizena evoluce a design novych genu

Genes from different
Organisms

ol
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1' Self-primed PCR
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- tvorba rekombinantnich proteinu

- mix klonovanych gent
- fragmentace a self-priming PCR

- cephalosporinase enzym
- rezistence k moxalactamu
- Citrobacter, Enterobacter aj.

- 0.75ug/ml --- 200ug/ml (250x)
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Poéty exonu jsou nejvy§§i u savcu

Podet exonu
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Homo sapiens Arabidopis thaliana
Intron Size: mean = 3116, median = 1044 Intron Size: mean = 159.3, median = 98
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Nejmensi gen

- peptidy obsahujici méné nez 10 AK vznikaji stépenim
delich polypeptid

Priklady:

- polypeptidy 26 AK u Staphylococcus a Bacillus subtilis
- gen pro peptidovy inhibitor pohlavniho feromonu
Enterococcus faecalis ma 66bp

Microcin C7 - nejmensi gen:

- oligopeptid sestdvajici ze 7 AK - antibioticum microcin
C7, prepisovan spolu s dal$im microcinovym genem, ma
samostatné vazebné misto na ribozém umisténé pred
kodonem pro fMet




Dystrofinovy gen - obri 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 muZi

Dystrophin Gene - 2.6 Mk with 97 exons
Mormal
AL e o =w : - = padsr
—-Large deletion, but reading frame is left intact_— {mild)
\ Duchenne
{severe)
Small deletion, but Feading frame is changed
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Dystrophin Full-Length Protein

Dystrophin Mini-Protein




FOXP2 - dulezity lidsky gen
(forkhead box P2)

FOXP?2
- duleZitd pro rozvoj reci, mutace v rodindch s poruchou reéi

- souvislost s chdpdnim pojmu, gramatika, kreativita, kultura
- existuje i u jinych zvirat,

- nova lidska forma vznikla pred 200 000 let

- délka 14 063 bp

- divergenece od Simpanze 0.87%, orangutana 2.5%
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Molecular evolution of FOXP2, a gene I o Rhesus

involved in speech and language

Wolfgang Enard*, Molly Przeworski*, Simon E. Fishert, Cecilia 5. L. Lait,
Victor Wiehe*, Takashi Kitano®, Anthony P. Monaco+ & Svante Paaho*

Chimp

Figure 2 Sikent and replacameant nucleotide substitutons mapped on a phylogamy of
primates. Bars represant nuckeotide changas. Grey bars indicate amino-ackd changes.




Geny na chromosomu Y maji delsi

introny
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NEBO MLADE




Hypotézy puvodu intronu

Intron first":

- ptvodni organizmy obsahovaly introny
- prokaryota je ztratila

Intron late":

- ptuvodni organizmy introny neobsahovaly
- eukaryota je ziskala

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

2. Introny maji funkéni vyznam pro organizmy, jsou
uzitecné




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

- studium vnitfni periodicity gent - stejné motivy v
exonech i v sousednich intronech

- mald pravdépodobnost dlouhych Useku bez stop-kodond,
» evolu¢ni vyhoda enzymatického aparatu, ktery vystrihne
oblasti se stop-kodony a sestavi dlouhou mRNA




Introny byly do genu vloZeny aZz dodateéné
("intron late™)

- Existuje rada ruznych intront lidicich se mechanizmem
vystrihovani z RNA - vznikaly nezavisle

- Distribuce intrond v ramci fylogenetickych stromu
sved¢i o dodatecném vloZeni spise nez o opakovaném
nezdvislém vymizeni




Introny jsou genomovymi parazity

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

» Samosestrih

- Splicesom - komplex kddovany burikou, ptivodné
parazitickymi introny, koduji enzymy pro horizontdlni Sireni
v rAdmci genomu




Introny jsou uziteCné pro organizmy

1. Zvysuji evolucni potencidl organizmu

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

- stavebnicovy charakter genu urychluje evoluci novych proteind,

- snizuje 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, sekundadrni struktura

4. Snizuji riziko nelegitimni rekombinace
- paralogy a riziko nelegitimni rekombinace, nefunkcni geny
- vélenéni intrond do ruaznych mist diferencuje geny




