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Osnova seminafe ,,Genetika ryb*

9.00 uvod

9.10 teorie o DNA + jeji 1zolace

10.30 popis druht

11.00 pojem genom, gen, teorie o PCR + jeji
provedeni

12.7? prestavka na obéd

13.30 uvod do cytogenetiky ryb
14.30 vyhodnoceni PCR

15.00 transgenni ryby

16.00 Zaver
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- Lokalizace jaderné
DNA u eukaryot
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‘ Stzuiktura DNA

;--’é

= Chargaffova pravidla:
0 obsahA=T,G=C
0 soucet purinovych =
pyrimidinovych (A+ G =T + C)
0 pomér (A+T) / (G+C) je rizny u
druhu

o obsah GC = (G+C)/(A+T+G+C)

= Watsonovo-Crickovo parovani:

o A-T, C-G, U-A, tzv. komplementarni
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mtDINA

m u zivocichu - cirkularni s

dsDNA
» 16 -20 kb

= 37 genll
o rRNA
o tRNA
o geny ,,CO* (c-oxidaza)
o geny ND1 —NDG6
(NADH-dehydrogenaza)

0 geny pro ATPazy aj.

Mitochondrion

Mitochondtisini
DNA
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Metody izolace nukleovych kyselin

Metody adsorpcni

0 DNA se vaze na kfemicité sklo v pfitomnosti chaotropni latky

Metody vyuzivajici rozdilné rozpustnosti

0 Zahrnuji fenolové extrakce a etanolové nebo 1zopropanolové
precipitace (srazeni)

0 Obecné rozsifené, siroké aplikace

Centrifugace v hustotnim gradientu

0 Izopyknické centrifugace v gradientu CsCl

0 Vhodné pii velkém mnozstvi a pro vysokou cistotu
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Mechanismus interakce DNA s oxidem
kfemiCitym

Fig. 1
A possible mechanism for silica binding of DNA in high
concentrations of chaotropic salt.
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Protokol pro ,,DNA Tissue Spin Kit“

Homogenizovat 20 mg izolované tkan¢, vlozit do
1,5 ml eppendortovy zkumavky, pridat 200 ul
pufru T1. Vortexovat 10 s.

Pridat 25 pl proteinazy K (20 mg/ml), vortexovat
15 s. Inkubovat 56 °C/2 hod. (V pfipadé
nedostatecného rozlozeni vzorku, inkubovat pfes
noc.)

Dale dle protokolu ... provedeni ,, Izolace DNA*
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UzZiteCné pojmy

Genom — veskery soubor genetického materialu bunky,
jednince, druhu ... (soubor vSech gena a GI buniky;
kompletni geneticky material organismu)

rozvolnéna DNA jedné jediné bunky je u cloveéka dlouha
priblizné 2 metry x 100 triliont bunék (20x Slunce-Zem)
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Struktura genomu

Koédujici sekvence (2-5% genomu): geny strukturni, regulacni,
pro tRNA a rRNA

Exony - kodujici sekvence (nenesou GI)

Introny - nekédujici sekvence (nenesou GI), ale jsou soucasti genu |

0 Genové rodiny: piibuzné geny o stejné nebo podobné strukture,

obdobna funkce

Nekodujict repetitivni sekvence: vyznam jako genové markery

0 Mikrosatelity: kratké tandemové repetice slozené z mono, di, tr1 nebo
tetra nukleotidovych motiv motivtivta. Polymorfni.

0 Telomery - dokonceni syntézy 3" konca chromozomi, tandemové
repetice. Tvorba telomerazou, u savcu jen v zarodecnych a
rakovinnych burnkach.
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Struktura genomu (Danio retio)

Karyotype About the Zebrafish genome
What's New in Ensembl 47 Statistics
Danio rerio News Assembly: 247, Apr 2007
v Zebrafish updates Genebuild: Ensernbl, Jun 2007

Ensembl Zehrafish expression pattern Xrefs and DRA alion
features have been updated with newy data from ZFIM, and a
fesy e aligo arrays have been added.

General News

¢ FTP site rearrangements

Forrelease 47 we have rearranged aur FTP directory
structure, sothat instead of being =species=r=file_type= it
will e =file_type=l=species=.

Fead more...

Histogram plots

We now support URL based histogram and colour gradient
plots, compatible with the LCSC-based BED and other
formats.

Read more...

GO terms now projected onto more species

Some important changes have been made to Ensembl GO
projections, in collaboration with the team at GOA.
Fead more...

Changes to Xrefs

A number af chandes have heen made o the external
database references (<refs) for various species.

Fead more...
E. coli: 4,64 Mbp (4300)
D. melanogaster: 165 Mbp

Clovek (projekt HGP, 2/2001)

Database version:

Known protein-coding genes:

Projected protein-coding genes:

Nowvel protein-coding genes:
Pseudogenas:

ENA genes:

Genscan gene predictions:
Gene exons:

Gene transcripts:

SHPs:

Base Pairs*:

Goliden Path Lendgth®*;

Maost commaon InterPro domains:

A7 7a

17,330

1,495

2,497

98

4,053

45,287
232,280
31,541

1,814
1,627,000,581
1,440,562,308

Top 40 Top 500

® Total number of base pairs=sum of lengths of DNA table

™ Reference assembly (Zolden path)length = sum of non-redundant top level

zeq regions

3000 Mbp (~40 000)
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Gen

The existence of genes was first suggested by Gregor Mendel (1822-1884),
who, in the 1860s, studied inheritance in pea plants and hypothesized a factor
that conveys traits from parent to offspring. He spent over 10 years of his life
on one experiment. Although he did not use the term geze, he explained his
results in terms of inherited characteristics.

Hugo de Vries in 1889, who, at that time probably unaware of Mendel's work,
in his book Intracellular Pangenesis coined the term "pangen" for "the smallest
particle [representing] one hereditary characteristic,,.

Wilhelm Johannsen abbreviated this term to "gene" ("gen" in Danish and
German) two decades later.

o zdroj: http://en.wikipedia.ore/wiki/Main_Page
J: Dttp p g g

T
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Gen je ...

m poradi nukleotidd schopné replikace, které nese samostatnou
jednotku informace a ktera ma obvykle biologicky vyznam (J.
Soska, 1976). I kdyz urcity problém predstavuje otazka, co
budeme rozumét jednotkou informace a co biologickym
vyznamem, je tato definice dostatecné Siroka a zahrnuje geny,
které fidi primarni strukturu bilkovin, geny, které jsou matrici
pro tRNK a tRNK, geny jiného typu (napf. operatorové) a

konecneé i ta nukleotidova poftadi, ktera tvoii "tiché" geny.
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Strukturni gen (eukaryot)

Koéduje primarni strukturu polypeptidu (proteinu)
0 Transkripéni jednotka: tsek od startovactho N'T po terminator (co se
transkribuje z DNA do (hn)RNA)

Zacatek transkripce - od startovacitho nukleotidu
Konec transkripce - AATAAA (polyadenylacni signal)
Regulacni oblasti

0 promotor: TATA box (vazba RNA-polymerazy I)
CAAT box

GC box a oktamer (vazba obec. transkripcnich
faktort)

0O zesilovace transkripce (enhancery) - sekvence na DNA pro vazbu specifickych
transkr. faktort (proteint).

0 Kodujici sekvence:
zacina - iniciacn{ kodon (start kodon)

kondi - terminacni kodon (stop kodon)
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Strukturni gen (eukaryot)

transkripcni jednotka -
(vyjadfena v negativnim DNA-fetézci)
startmraci nukleotid *struktumni geny «

3 +1 5

sekvence |TAC AUGTAC AUCITAC AUC

koncova
sekvence

31

AGGA |AUG UAG [AUG UAG AUG UAG

«——Na ribozomu se preklada jen tento lisek—

MmRNA .

F
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Polymerazova fetézova reakce




Polymerazova fetézova reakce (PCR)

s Kary B. Mullis (* 28. 12., 1944) -
o (http://en.wikipedia.org/wiki/Kary_ '. #‘%
Mullis) =
= Developed in 1983, Nobel Prize f .
in Chemistry (1993) - i

o (http://en.wikipedia.org/wiki/PCR)
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Reak¢ni slozeni PCR

Slo zka ul
H,O 18,8
pufr LA (10x) 2,5
dNTP mix 0,5
primer A 0,5
primer B 0,5
LA polymeraza 0,2
(izolovana) DNA 2
Celkem 25
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Reak¢ni slozeni PCR

Slo zka M

H,O 18,8

pufr LA (10x) 2,5
E-+

-
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Reakéni slozeni PCR

Slo zka M
dNTP mix 0,5

H

/
CH; OmH—N
N

/ N—HinuN A \

— Ny,
.,N‘QO H>\ N 2 @(N 1 H—Nﬁ;

N

Incoming 0~ ."’ OmH—N

deoxynucleoside | _ \H

5'-triphosphate O=FP—0

H

/
/Z\J

9
0= I|’—O
1
Growing O=pP—0
DNA strand C|)_
(primer)
Template
DNA strand

Deoxyribose

Projekt FRVS 2030/2007



Reak¢ni slozeni PCR

Slo Zka

0,5

0,5

primer A
primer B
APA2 2 A (*144H5)

21-mer

5'- TGG CAA GGA CCT GAT GGA GAA -3

vytézek: 29,08 nmol = 7,26 OD = 190,1 ug
purifikace: Sephadex G-25

extinkéni koef. £: 249.7 mliumol  GC: 52.4%

T.u(A)= 81,5+16,6x(log[konc.ionti])+0.41x(%GC)-(600/délka)-0.63x(%formamidu),
kde kone. iontli (koncentrace vech iontd, t). véetné Na*) = 60mM; 10% formamidu
T.(B)=81.5+16.6x(log[konc.K'])+0.41x(%GC)-(675/délka), kde konc.K* = 50 mM

(Hodnoty T, jsou vypoéteny jen pro 14 - 70 -mery)

Rozpusténi na koncentr. 100 pmol/ul (0,1mM roztok):
pridat 291 ul vody (pufru)

‘-émivf?:/

http:/Awww.generi-biotech.com
049 5066314 « 040 5056316 (FAX)

stanoveni kvality: UV spektrum

MW: 6537

(scale: 40 nmol)

23.07.200.

T.(A): 47.8°C T, (B): 49.2°C

prevodni vztahy pro oligonukleotid:
10D = 4005 pmol = 26.2 ug
1 nmol = 0.250 OD = 6.54 ug
1 ug = 153.0 pmol = 0.0382 OD
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Reakéni slozeni PCR

Slo Zka

LA polymeraza

0,2
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Reakéni slozeni PCR

Slo zka il
(izolovana) DNA 2

Video ...
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Reak¢ni slozeni PCR

Slo zka ul
H,O 18,8
pufr LA (10x) 2,5
dNTP mix 0,5
primer A 0,5
primer B 0,5
LA polymeraza 0,2
(izolovana) DNA 2
Celkem 25
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Bunécéné déleni

Figure 6. Karvotype of Oncorlynchus myliss gynogen. Arrows indicate fragments of paternal chromesomes (from Chowmrrout & Quallet. 1982).
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Bunécny cyklus

Lze rozdélit na
0 mitoticka faze M fazi (mitdza)
O profaze
O metafaze
O anafaze
O telofaze
0 1nterfaze - 90% celého bunécného cyklu

Interfazi mizeme rozdélit na G, S, G, fazi

O G1 (postmitoticka faze) (,,first gap) — metabolicka aktivita (transkripce,
translace)

0 S — faze — probiha zdvojeni (replikace) DNA
0 G2 (premitoticka faze) (,,second gap®) — metabolicka aktivitia
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UzZiteCné pojmy

Sesterské chromatidy = kazdy duplikovany (zdvojeny)
chromosom ma dve¢ sesterské chromatidy, které obsahuji

identické kopie DNA.
Chromozoém = tycinkovity ¢i pentlicovity utvar, tvoreny
DNA(az n¢kolik cm dlouhou) a bilkovinami. Velikost, tvar

a pocet chromozomu je ruzny, ale pro dany druh vzdy
shodny. Uprostfed nebo na okraji se vytvafi tzv. centromera

Karyotyp = soubor chromozoému, charakteristicky pro dany

druh %%
LS
&" oy
e KX
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Bunécny cyklus

N
%,

)S
. @%

06%

S

S
(DNA synthesis)

S:syntéza DNA a
duplikace chromozomi

Copyright @ Pearsen Education, Inc._, publishing as Benjamin Gummings.
@ 9
sesterské chromatidy segreguji do
deefinnych bunék béhem M faze v
g ©
7 S
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Ploidie a ¢islo N

ploidie = pocet kopii kazdého chromosomn ptitomného v bunééném jadru
c¢islo N = pocet kazdé dvousroubovicové molekuly DN.A v jadru

kazdy chromosom obsahuje v odlisnych fazich buné¢ného cyklu jednu nebo dv¢

molekuly DNA.

Terminologie pro variabilitu poétu chromozom(

Aneuploidie 2n + chromozom

nulizorm e 2h -2
M onozZomie 2n -1
trizomie 2n +1

tetrazomie, pentazomie

2n + 20 2n + 3 atd.

Euploidie Masobeni n
diploidie 21
an, 4n, bn
polyploidie
o friploidie « 3N
- totranlmidia « 4R, 4R atd.,
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Poclty chromozomu u ...

H Kapr 104 Pocet

Druh Ploidie

sRak poustevnik 254 chromozomt
Lepisosteus osseus, 2n 56

IJCSC’EGI’ 520 Tinca tinca; 2n 48
Silurus glanis:; 2n 60
Tinca tinca; 3n 72
Silurus glanis 3n 90
Acipenser ruthenus, 4n ~120
Huso huso 4n ~120
hybrid jeseterti S5n ~150
hybrid jeseterti 6n ~180
hybrid jeseterti n ~210
A. gueldenstaedtii 8n ~250
hybrid jeseterti 9n ~270
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‘ Metafazové chromozomy

Metaphase plates from the sturgeon larvae: (a) ‘haploid’ Siberian sturgeon
with 120 chromosomes, (c) ‘triploid” hybrid Siberian Siberian/Russian
sturgeon with 360 chromosomes.
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Meidza I - heterotypické déleni

PROFAZE ~ METAFAZE  ANAFAZE
| AL .'i Y __:-.) sl
e, e s

Meiodza II - homeotypickeé déleni

PROFAZE METAFAZE ANAFAZE
I\
= 0 =3

TELOFAZE
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Tvorba gamet a segregace

2. dihybrid: geny A; B (alely A, a; B, b)

genotyp = AaBb
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MOZ aika gill kidney caudal fin

liver spleen intesting

O one nucleoclus/cell two nucleoli/cell

Figure 4. Vaniation in the number of nucleoli in different tissues of a
2 year-old diploid carp. Cyprinus carpio (from Carman ef al., 1992).
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Genomické manipulace

= Gynogeneze
= Androgeneze
= Klonovani parentalnich genomut

= Polyploidizace
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Gynogenetic development
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1. Polar body | || ~
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Androgenetic development

X-ray inactivated cocyte Sperm
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Schéma ovlivnéni ...
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Figuire 15, Growah of diploed and waplosd fish (a) Bena splendans (Kavempurah & Pmdian, 1992a), (b) Fagrus sajor ( Kitamura ¢f af | 1991) (¢) Hybad ¢ of place ¢ x lounder &
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Genové inZenyrstvi

bunecné inzenyrstvi (genetické) - manipulace s celym
genomem, napft. fizena polyploidizace rostlin, klonovani
zivocisnych embryi nebo somatickych bunck

genové inzenyrstvi - modifikace genu a jejich pfenos mezi
organismy

proteinové inzenyrstvi - cilena chemicka pfiprava genu pro
vznik novych produkt s novymi vlastnostmi
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PCR-RFLP

Analyza maternaln¢ dédicné mtDNA pomoci RFLP je zakladem mnoha

0 fylogenetickych studie

0  mikrotaxonomického clenéni druh

0 urcovani pfitomnosti hybridnich jedinca.
PCR-RLFP analyza mitochondrialnich gend ND-5/6 a ND-3/4 byla tuspesné
pouzita k detekci polymorfismu u evropskych a asijskych poddruha kapra
obecného (Gross a kol., 2002; Kohlmann a kol., 2003).
V piipad¢ lososovitych ryb je analyza mtDNA s pouzitim PCR-RFLP
vyuzivana v mnohych pracech k analyze genetické variability populaci napf.

pstruha duhového (Oncorhynchus mykiss) (Bagley a kol., 1998; Hansen a kol.,

1999)
gwﬂ — 2 _1_
Projekt FRVS 2030,/2007 40 ‘a



RAPD (Random Amplified Polymorhic DNA)

1 23 4 65 67 8 5910 111213141516

RAPD (Random Amplified Polymorhic DNA)

0 kratky specificky primer jako sonda k hybridizaci pfi
PCR s genomovou DNA.

0 pouziti nékolika riznych oligonukleotidd k RAPD

tak dovoluje ziskat data vedouci k urceni variability

C2he
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VNTRs

predstavuji ,,minisatelity a mikrosatelity*

a

a

a

markery ke studiu variability diverzity rybich populaci
slouzi také k identifikact jedinct, uréeni pfislusnosti jedinct k populacim

urceni rodicovstvi nebo otcovstvi

Mikrosatelity jsou pfitomny jak v kédujicich, tak v nekodujich oblastech

genomu a jsou charakteristické vysokym stupném polymorfismu.

Mikrosatelity lze vyuzivat ke konstrukei ,linkage maps®“ event. jen k
urcovani né¢kterych | linkage groups®, vyuzivaji se 1 k mapovani QTL
(Quantitative Trait Loct).
Pro ryby bylo zatim zmapovano jen velmi malo QTL lokust. MAS u ryb, jeji
moznosti a perspektivy byly zéasti popsany u kapra obecného (Sun a kol,
2001).
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Mikrosatelity

= Vysoce polymorfni = razné alely (5-20).
a0 Napf. (GC)n n = 5-25 opakovani
5’ATCGGTATIGCGCGCGCGCGCOIARGTT 3 n=8

5’ATCGGTATIGCGCGCGCTACGTT 3 n=5

5’ATCGGTATIGCGCGCGCGCGCGCGCCCAOETT 3° n=11

Projekt FRVS 2030/2007



Characterization of different strains of
common carp (Cyprinus carpio L.)
(Cyprinidae, Cypriniformes) in Bangladesh
using microsatellite DNA markers

Common carp strain

Allele size (bp) Scaledcarp Mirror carp  Red carp Koi carp

MFW!

200 0.03 0.15 0.17 0.32

192 0.03 0.35 0.00 0.08 Characterization of common carp
180 0.03 0.03 020 0.08

174 017 0.15 0.15 008

166 0.20 0.15 0.05 020 Genetic distance

160 0.08 0.08 0.05 0.10

150 0.13 0.00 0.03 0.00 0448 0336 = 0224 0112 000

144 0.30 0.05 0.10 0.03 F | | t | t t i 1.

138 0.03 0.05 025 0.13 Scaled carp
MFW2 ]

260 0.10 0.32 0.15 043 Mirror carp
238 0.00 0.13 025 0.32

216 0.28 0.08 025 0.10 Red carp
200 0.00 0.00 0.05 0.03

178 0.08 0.00 0.10 0.05 Koi carp
170 0.43 0.17 0.13 0.05

‘lt:fw” o o o o Figure 1 - Unweighted pair-group method with averages dendrogram
210 0.00 0.00 0.08 oL3 based onMei’s (1972) genetic distance, summarizing the data on dif feren-
190 0.15 0.03 0.15 0.08 tiation between C. carpio strains, according to microsatellite DNA analy-
174 0.08 0.30 0.20 003 Zis.

170 0.30 0.55 030 0.45

164 025 0.05 022 030

160 0.17 0.08 0.00 0.00

124 0.05 0.00 0.05 0.00

MFW3

264 003 013 08 010 Projekt FRVS 2030/2007




De¢kuji Vam za pozornost

Rendin
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Aninace PCR pouzita z: http://www.dnalc.org/home.html

Animace RNA interference z: http://www.nature.com/focus/rnai/animations/index.html
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