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A gerincesek leg valtozatosabb csoportja
« ~ 30,000 kulonboz6 faj.

*Evoluciosan 3 kulonb6z6 csoport

-Agnatha (nyalkahalak, ingolak)

«Chondrichthyes (porcos halak— capak, rajak)

*Osteichthyes (csontos halak- ponty, zebradanio)
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Tetraodon nigroviridis
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Japanese pufferfish
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Halak genetikai hattere

A halaknak tobb génje
van?

A HOX gének és
klaszterek valtozasa az
evolucid soran
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Zebrafish (47 Hox genes) Mouse (39 Hax genes)
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A: Species tree
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B: Comparison of genome
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A legkisebb allati genom mérete :0.02pg
Noveényi parazita nemtoda

(Pratylenchus coffeae),

Az emberi genom mérete: 3.5pg

(Homo sapiens)
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A legkisebb gerinces és hal genom
merete: 0.35pg

Zold pottyos borondhal

(Tetraodon fluviatilis)

A legnagyobb allati genom és hal
genom meérete:132.83pg

Marvanyos tuddshal

(Protopterus aethiopicus)
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Mitokondrialis DNS 1.
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Mitokondrislis DNS 2. ) A =

« TObb ezer mitokondrium per sejt
« Sejtmagtol fuggetlen masolas

« Kor alaku molekula

* Anyai oroklédes menet

* Nincs rekombinacio

« Kis méret/16-17 ezer bp ( egy bakterialis
genom1%-a)
« 37 db gén
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Barkodolas 2.
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FISH-BOL
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p= Carpiodes I

b Myxocyprinus
I_ Crossostoma
Lefu

L covitis
Cyprinus

Sawbwa
I'E Carassius
— Sarcocheilichthys

Zacco
LE Opsarichthys
Hemitramia

_E Phoxinus

Richardsenius
_Damposfoma
Nocomis
Opsopoeodus
Luxifus
Notropis

Notemigonus
Rasbora
r

Boraras
L Trigonostigma
Esomus

Sundadaiio
Danionella
Opsaridium

Chela

Microrasbora
Microrasbora
Devario

Inlecypris

Danio sp. cf. dangila
Danio erythromicon
Danio chopral
Danio nigrofasciatus
Darvic sp. "hikari”
Danio rosaus

Danio sp. "panther”
Danio kyathit

Dania rerio

Catostomida
Balltoridae
Cobitidae

Cyprininaa
Gobioninae

Rasborinae

Leuciscinae

Rasborinae

ojueg

Taxonomy
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Duplication of tgfrl Permits Fgtf Signaling to Serve as a
Target for Selection during Domestication

Nicolas Rohner, Miklés Bercsényi, Laszlé Orban,

Maria E. Kolanczyk, Dirk Linke, Michael Brand, Christiane Niisslein-Volhard

Fibroblast growth factor receptor 1
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zebrafish common carp .
Current Biology Volume 19, Issue 19, 2009, Pages 1642—-1647




Duplication of fgirl Permits Fgf Signaling to Serve as a

Target for Selection during Domestication
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Figure 2. A Mutation in fgfrla Causes the spdPhenotype(A) Schematic view of
predicted fgfrla structure and site of zebrafish mutations.(B) Nucleotide alteration in
fafr1at3R705H and fgfr1aWe71X (C and D) fgfrla expression in the developing scales and
lateral-line organs in wild-type fish (C) and in remaining scales of spd fish (D) (both 10
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Duplication of fgirl Permits Fgf Signaling to Serve as a

Target for Selection during Domestication
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Duplication of fgfrl Permits Fgf Signaling to Serve as a

Target for Selection during Domestication
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Hermafroditizmus
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Centropyge loriculus j
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Szinkronizalt

A két ivarszerv egyszerre
muUkodik egy egyedben

Fundulus diaphanus



Halak ivardeterminacioja 2.

gonochorisztikus (Himnds)

Az egyedek egy ivarral rendelkeznek
életuk soran.

Az ivar kialakulast meghatarozo faktorok:

o 5 Melytengeri
Szocialis tényezdk horgaszhalak
(Anglerfish)

- kapcsolat dominans ivaru egyeddel

Kornyezeti tényezok
-Hémérseéklet (magasabb hémérséklet tobb him)
-pH (alacsonyabb pH tobb him)

Genetikai tényez6k (A legtsbb fajnal ez a dénts)
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Gonochorisztikus +
genetikailag
meghatarozott ivaru halak

A legtobb faj ide tartozik

More than 1700 species 176 species

*(Devlin és Nagahama, 2002)



Sex determination of fish 4. M/\WE
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(Devhn és Nagahama, 2002)
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| Clarias gariepinus
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ZZ/ ZO (dézis fiiggo)

Cynoglossus puncticeps

XX/ X0 (dézis fiiggs)

Colisia lalia
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Scardinius erythrophthalmus
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Developments in High Throughput Sequencing
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Genome Analysis
de novo sequencing
resequencing
ChIP sequencing
metagenome sequencing

Targeted Analysis
exome sequencing
custom targeted sequencing
sequencing of amplicons and
genomic fragments

Transcriptome Analysis
mRNA sequencing: poly-A selection
RNA sequencing: rRNA depletion
strand specific RNA seq
miRNA & small RNA sequencing
deepCAGE / NanoCAGE sequencing



Aquatic Genome programs 1.

T Fugu (Takifugu rubripes) 2002

Green Spotted pufferfish (Tetraodon nigroviridis) 2004

&

Medaka (Oryzias latipes) 2007 —CEME S

Zebrafish (Danio rerio) 2005




Aquatic Genome programs 2.

Strickleback (Gasterosteus aculeatus)
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Szivarvanyos pisztrang
(Oncorhynchus mykKiss)



Fish Genom programs 2.
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e f Ensembl Genome Browser. www.ensembl.org
]

Zebrafish FUGU Medaka Stickleback Tetraodon
Gene build: 2007 2005 2005 2006 2007
protein-coding genes: 17 330 133 509 71 99
Projected protein-coding
genes: 1627 13762 13 893 15143 13772
Novel protein-coding
genes: 2 365 3728 5 284 5573 5731
Pseudo-genes: 98 162 1 52 147
RNA genes: 4126 571 512 1468 498
Genscan gene predictions: 45 287 29 699 123 380 44 884 23 832
Gene exons: 232 290 321943 220 743 245 824 220 724
Gene transcripts: 31 841 48 027 24 662 27 629 23 289
Base Pairs: 1527 000 581 | 393 312790 | 700 369 883 | 446 627 861 | 342419 788

1-3% coding region




K value pardoxes M/\WE
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Acipenser
brevirostrum

Ptychobarbus
dipogon

372

Notothenia
neglecta

Homo sapiens




g value paradoxes M/\WE
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The number of the genes are not correlate with the
complexity level (number of the cells and cell types) of
the species

~ 1,505 Mb
~ 26,000 genes

H’E ~ 830 Mb
Ze brlaﬁsh . — = ~ 22,154 genes
Danio rerio
307 Cod #‘
Gadus morhua LI ~ 700 Mb
*= 20,400 genes

167.

7
r Medaka -
i Oryzias lotipes
96.9 . [4 AT
1 150.9 ﬁ" ~ 20,787 genes
! Stickleback .
! Gasterosteus aculeatus

T i

P P ST 340 Mb
4509 Green spotted puffer #™®% e 9 ﬁ ~ 20,400 genes
a [T 4
Tetracdon nigroviridis

ﬂ:h' =
Fugu/lapanese puffer =
Takifugu rubripes
f g P ~ 3490 Mh
~ 20,400 genes

50
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= Callorhinchus milii Elephant fish

Ratus norvegicus Rat
Mus musculus Mouse
Homo saplens Human
Gallus gallus Chicken

Latimera menadoensis Coelacarnth

Acipenser stunio Sturgeon
[y =l e e s S i s =l
Eemmsfﬂus platyrhyncus | Gar
i Cyprinus canmio Camp
———=" Danio rerio | Zebrafish
Salmo salar Safmon

—*° Oncorhynchus mykiss Trout

————=! Oryzias latipes ! Medaka

——— Xiphophorus maculaius  Xiphophorus

—= | Takifugu rubripes Fugu

Tetraodon nigrovindis Spotted green pulfer




1 Cyprinus carpio

2 Cyprinodon nevadensis
4 Callorhinchus milii

5 Miichthys miiuy

6 Sebastes nigrocinctus

7 Sebastes rubrivinctus

8 Melanochromis auratus
9 Labeotropheus fuelleborni
10 Mchenga conophoros
11 Tetraodon nigroviridis
12 Cottus rhenanus

13 Squalius pyrenaicus

14 Sinocyclocheilus rhinocerous
15 Sinocyclocheilus anshuiensis
16 Periophthalmodon schlosseri

27 Lethenteron camtschaticum
28 Xiphophorus couchianus
29 Clupea harengus

30 Xiphophorus hellerii

31 Leuciscus waleckii

32 Labrus bergylta

33 Poecilia mexicana

34 Takifugu flavidus

35 Lates calcarifer

36 Scartelaos histophorus
37 Anguilla japonica

38 Thunnus orientalis

39 Pimephales promelas

40 Austrofundulus limnaeus
41 Cyprinodon variegatus

17 Periophthalmus magnuspinnatus 42 Stegastes partitus
18 Pseudopleuronectes yokohamae 43 Astyanax mexicanus

19 Amphilophus citrinellus
20 Rhincodon typus

21 Anguilla rostrata

22 Pampus argenteus

23 Poecilia reticulata

24 Kryptolebias marmoratus

25 Esox lucius
ME DAancilia latininnAa

44 Poecilia formosa

45 Anoplopoma fimbria

46 Larimichthys crocea

47 Boleophthalmus pectinirostris
48 Cynoglossus semilaevis

49 Leucoraja erinacea

50 Anguilla anguilla

CE1 VinhAanhAariice maciillatiie
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52 Notothenia coriiceps

53 Morone saxatilis

54 Lepisosteus oculatus

55 Pygocentrus nattereri
56 Sinocyclocheilus grahami
57 Scleropages formosus
58 Mola mola

59 Pundamilia nyererei

60 Neolamprologus brichardi
61 Haplochromis burtoni
62 Latimeria chalumnae

63 Gadus morhua

64 Nothobranchius kuhntae
65 Nothobranchius furzeri
66 Rhamphochromis esox
67 Maylandia zebra

68 Fundulus heteroclitus

69 Oryzias latipes

70 Salmo salar

71 Petromyzon marinus

72 Ictalurus punctatus

73 Oreochromis niloticus
74 Gasterosteus aculeatus
75 Takifugu rubripes



Freshwater
species

Species
Esox lucius
Fundulus
heteroclitus
Xiphophorus
hellerii
Xiphophorus
couchianus
Amphilophus
citrinellus
Xiphophorus
maculatus
Lepisosteus
oculatus
Pundamilia
nyererei
Haplochromis
burtoni

Maylandia zebra

Neolamprologus
brichardi
Cyprinodon
nevadensis

Poecilia formosa

Oreochromis
niloticus

Poecilia reticulata

Poecilia
mexicana
Astyanax
mexicanus

Poecilia latipinna

Cyprinodon
variegatus
Oryzias latipes
Ictalurus
punctatus

Danio rerio
Cyprinus carpio
Sinocyclocheilus
grahami
Sinocyclocheilus
rhinocerous
Sinocyclocheilus
anshuiensis
Pimephales
promelas

Cottus rhenanus
Tetraodon
nigroviridis

Order
Esociformes
Cyprinodontiform
es
Cyprinodontiform
es
Cyprinodontiform
es

Perciformes

Cyprinodontiform
es

Lepisosteiformes
Perciformes

Perciformes

Perciformes

Perciformes

Cyprinodontiform
es
Cyprinodontiform
es

Perciformes

Cyprinodontiform
es
Cyprinodontiform
es

Characiformes

Cyprinodontiform
es
Cyprinodontiform
es

Beloniformes

Siluriformes

Cypriniformes
Cypriniformes

Cypriniformes
Cypriniformes
Cypriniformes

Cypriniformes

Scorpaeniformes
Tetraodontiforme
s

DNA/TcMar-Tc1
35.9%

22.6%

22.7%

22.3%

23.0%

22.0%

10.5%

18.7%

19.6%

16.8%

20.9%

7.6%

19.3%

15.9%

17.8%

18.9%

21.8%

19.5%

8.2%
5.0%
19.9%

6.1%
6.4%

4.7%

3.4%

3.2%

3.1%
0.9%
1.3%

Microsatellites

4.8%
4.6%

5.1%

5.1%

6.2%

6.2%

3.0%

5.8%

6.1%

5.3%

6.7%

2.5%

6.5%

5.4%

6.1%

6.7%

8.0%

7.4%

3.4%
2.6%
14.1%

5.9%
7.1%

5.7%

6.0%

6.2%

6.7%
17.8%
31.1%

Diadromous
species

Marine species

Species

Salmo salar
Anguilla anguilla
Anguilla rostrata
Thunnus
orientalis
Pampus
argenteus
Gasterosteus
aculeatus
Miichthys miiuy
Notothenia
coriiceps
Dicentrarchus
labrax
Larimichthys
crocea

Takifugu rubripes s

Sebastes
nigrocinctus
Cynoglossus
semilaevis

Order
Salmoniformes
Anguilliformes
Anguilliformes

Perciformes

Perciformes

Gasterosteiforme
s

Perciformes

Perciformes
Perciformes

Perciformes

Tetraodontiforme

Scorpaeniformes

Pleuronectiforme
s
Tetraodontiforme

Takifugu flavidus s

Sebastes
rubrivinctus
Clupea harengus
Latimeria
chalumnae
Gadus morhua

Scorpaeniformes

Clupeiformes
Coelacanthiforme
s

Gadiformes

DNA/TcMar-Tc1
23.6%
11.9%
11.8%

3.6%

5.6%

4.1%
4.0%
2.3%

2.4%

3.4%

3.3%

1.1%

2.7%

2.4%

1.0%
3.0%
0.0%
0.4%

Microsatellites

7.5%
11.4%
13.9%

9.3%

15.2%

12.8%
14.7%
9.5%

11.9%

17.7%

19.9%

8.9%

23.1%

21.8%

9.1%
29.8%
1.7%
31.4%
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elanochromis auratus

CAalhAactAac niararinA+iie Sebastes rUbriVinCtUS

Sinocyclocheilus rhinocesascyclocheilus anshuiensis

Squalius pyrenaicus




Zebra mbuna
(Maylandia zebra)

Astatotilapia burtoni Tilapia Cichlid

Pundamila nyererei
Mchenga conophoros



Molecular and

ELEPHANT SHARK | a o
GENOME PROJECT

Cell Biology
ASSTAR

(Callorhinchus milii)

Venkatesh et al. 2005. Curr. Biol. 15: R82-R83

http://esharkgenome.imcb.a-star.edu.sg/




Atlanti lazac

(Salmo salar )




Pettyes (csatorna) harcsa

(Ictalurus punctatus)
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Little skate

(Leucoraja erinacea)
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GENOME 10K.

2009

Cel: 10 000 gerinces genom

4000 hal genom

eBernardia et. al.:The fishes of Genome 10K Mar.Genomics,

-~ ~ o~ a o~ — -
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GENOME 10K.

N

10
11

12
13

14
15
16

17

18
19

20
21

22

23

24
25
26

27
28

Carcharodon carcharias
Polypterus senegalus

Acipenser sinensis
Amia calva

Scleropages formosus

Anguilla anguilla
Atristichthys nobilis

Megalobrama amblycephala

Hypophthalmichthys molitrix
Gobiocypris rarus

Astyanax mexicanus
Diaphus dumerilii
Hoplostethus atlanticus

Hippocampus comes
Monopterus albus

Lateolabrax japonicus

Epinephelus coioides

Sparus aurata

Pseudosciaena crocea

Eleginops maclovinus

Dissostichus mawsoni

Chaneocephalus aceratus

Periophthalmodon schlosseri

Thunnus albacares
Pampus argenteus
Paralichthys olivaceus

Cynoglossus semilaevis

Mola mola

Great white shark
Bichir
Chinese sturgeon

Bowfin

Golden arowana

European freshwater eel
Bighead carp

Wuchang bream

Silver carp
Rare gudgeon

Blind cave fish
Lanternfish
Orange roughy

Tiger tail seahorse
Finless eel

Japanese seabass

Grouper

Gilthead sea bream

Large yellow croaker

Patagonian blenny

Antarctic toothfish

Blackfin icefish

Giant mudskipper
Yellowfin tuna
Pomfret

Bastard halibut

Tongue sole

Sunfish

Alopiidae
Polypteridae

Acipenseridae
Amiidae
Osteoglossidae
Anguillidae
Cyprinidae
Cyprinidae
Cyprinidae
Cyprinidae
Characidae
Myctophidae
Trachichthyidae

Syngnathidae
Synbranchidae

Moronidae

Serranidae

Sparidae

Sciaenidae
Eleginopidae

Nototheniidae

Channichthyidae

Gobiidae

Scombridae
Stromateidae
Paralichthyidae

Cynoglossidae

Molidae

Lamniformes
Polypteriformes

Acipenseriformes
Amiiformes

Osteoglossiformes

Anguilliformes
Cypriniformes

Cypriniformes

Cypriniformes
Cypriniformes

Characiformes
Myctophiformes
Beryciformes

Gasterosteiformes
Synbranchiformes

Perciformes

Perciformes

Perciformes

Perciformes

Perciformes

Perciformes

Perciformes

Perciformes

Perciformes
Perciformes
Pleuronectiformes

Pleuronectiformes

Tetraodontiformes



1. Hydrolagus colliei maculatus armatus trimaculatus

2. Sphyrna sp. 29. Oncorhynchus 55. Dactylopterus sp. 79. Hypsypops

3. Pristis sp. tshawytscha 56. Sebastes rubicundus

B 4. Torpedo californica30. Coregonus chrysomelas 80. Semicossyphus
Ginome 10K. 5. Erpetoichthys clupeaformis 57. Pterois radiata pulcher

calabaricus 31. Esox lucius 58. Platycephalus 81. Halichoeres

6. Polyodon spatula 32. Chauliodus sp. bassensis hortulanus

7. Hiodon alosoides 33. Synodus 59. Clinocottus analis 82. Scarus ghobban

8. Pantodon 34. Benthosema 60. Aspidophoroides 83. Zoarces sp.
buchholzi pterotum 61. Cyclopterus 84. Thermarces

9. Notopterus 35. Lampris guttatus lumpus cerberus
notopterus 36. Aphredoderus 62. Morone saxatilis 85. Dissostichus

10. Megalops sayanus 63. Pseudanthias elegenoides
atlanticus 37. Chilara taylori squamipinnis 86. Ammodytes

11. Albula vulpes 38. Porichthys notatus 64. Micropterus americanus

12. Gymnothorax 39. Lophius sp. salmoides 87. Gibbonsia
mordax 40. Thymichthys sp.  65. Sander vitreus montereyensis

13. Anchoa sp. 41. Ceratias sp. 66. Sillago ciliata 88. Gobiesox

14. Sardinella sp. 42. Mugil cephalus  67. Coryphaena maendricus

15. Chanos chanos 43. Odontesthes hippurus 89. Bostrychus sinensis

16. Paedocypris bonariensis 68. Caranx sp. 90. Dormitator
progenetica 44. Exocoetus sp. 69. Lutjanus latifrons

17. Cyprinus carpio  45. Hemiramphus sp. campechanus 91. Gillicthys mirabilis

18. Catla catla 46. Strongylura 70. Anisotremus 92. Siganus luridus

19. Botia kubotai marina virginicus 93. Zanclus cornuta

20. Serrasalmus 47. Krytolebias 71. Polydactylus sp.  94. Naso elegans



Beulng Institute of Genomics,
' Chinese Academy of Sciences



. 49 chnr, 54 chr. 1

- The genetic linkage map |

Anchors between the genetic markers
Assembled chromosomes.

dicated genes on the two stand
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Nature Genetics 46, 1212-1219
(2014)

NTA\ ! T=

MAGYAR AGRAR- ES
ELETTUDOMANYI EGYETEM

A Ponty 50 kromoszémajanak és
a zebradanio 25
kromoszomajanak
osszehasonlito térképe. Az
egymassal rokon szakaszokat
kotik 0ssze a vonalak .
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Nature Genetics 46, 1212-1219
(2014)

NTA\ ! T=

MAGYAR AGRAR- ES
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Sp, Songpu;

D, Danube;

Sz, Szarvas;

NA, North Americ:
Y, Yellow River;

H, Heilongjiang;
O, Oujiang color;
Hb, Hebao;

X, Xingguo;

K, koi.
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MAGYAR AGRAR- ES
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: :ﬁ Sp, Songpu;
I o D, Danube;
S - Sz, Szarvas;
¥ NA, North Americ:
" Y, Yellow River;
” .. N H, Heilongjiang (A

O, Oujiang color;

A00
® Hb, Hebao;
h J X, Xingguo;

K, koi.

Nature Genetics 46, 1212-1219
(2014)
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A Ponty kromoszémak
egymashoz viszonyitott
rokonsaganak sematikus abraja.
A duplikalédott géneket kotik
Ossze a vonalak az egyes
kromoszomakat jelképez6
téglalapok kozott

Nature Genetics 46, 1212-1219

(2014)



ELETTUDOMANYI EGYETEM

Genomok gén dsszetételének )) NMYA =

osszehasonlitas

:r
E Homo sapiens & [ ] . universal single-copy genes

= -—I—'I B orthologous group (missing in one species)
Sus serofa ™ I I 1 = Verebrate specific
Mus musculus — > O Teleost EFJE'GIFHCI

» - I O Cyprindae specific
Gallus gallus * -:IJ [ orthologs that are present in teleost and tetrapod
Anolis carolinensis @ Homology

o ’i!r-:j B Undelectable similarity

Xenopus fropicalis ,‘.; ER

* Gasterosteus aculeatus e [T

Takifugu rubripes e, - Homoldgia = k6z6s evolticiés
eredet

Oryzias latipes —N | Ortologia: kiilonbozé fajban,

Danio rerio - E | | kozds 6sbél szarmazod azonos
: : funkciojum gének

Cyprinus carpio k_ = - I . Paralégia: ugyanabban az

| Ciona intestinalis o ._'I_. organizmusban, kdzds 6sbdl

(duplikacio) kissé eltérd
' ' ' ¥ ' ' 1 funkcidju gének.
0 10,000 20,000 30,000 40,000 350,000
Number of otholoas

Nature Genetics 46, 1212-1219
(2014)
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From the inner to the outer
layer: G. aculeatus, O. latipes, T.
nigroviridis, D. rerio, O.
niloticus, T. rubripes and G.
morhua. Sea bass
chromosomes (LGn) show
conserved synteny with the
assemblies of G. aculeatus, O.
latipes, T. nigroviridis and D.
rerio, while O. niloticus, T.
rubripes and G. morhua are still
scattered into many ungrouped
scaffolds as reflected by tracks
of different colours along the
chromosomes. The colour code
is species-specific. Blocks of
collinearity between sea bass
chromosomes are represented
by grey inner links. Red inner
links represent blocks of
collinearity containing claudin
genes

Nature Communications 5,



M/\WE

'|J'~ _,ﬂ'LF-'M sRAR- ES

)

DOMANYI EGYETEM
Orthologue genes shared between the
zebrafish, human, mouse and chicken According to a paper
genome (Kerstin Howe et al) published in Nature,

70 per cent of protein-

coding human genes

are related to genes
7ebrafish  found in the zebrafish
(Danio rerio), and 84
per cent of genes
known to be
associated with
human disease have a
zebrafish counterpart.

Mouse Chicken

Nature 496, 498-503;
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Transzgénikus ) M1/AVIE

 Genomjaban idegen eredetu geént, vagy
géneket hordoz.

* Egy, vagy tobb kromoszémajaba
beépulve mesterségesen kialakitott es
bejuttatott génkonstrukciot (transzgent)
tartalmaz es a transzgén kifejezodik,
fehérje termelodik rola, amely
megvaltoztatja az éloleny valamely
tulajdonsagat.



* A 80-as evekben kezdodik meg a
transzgenikus kutatas emlosokon.

— Mikromanipulacio lehetésege
— Biotechnologia fejlettsege

* Néehany evvel kesObb halakon.

— Elsé kisérletek Xiphophorus-okon telje
genom beinjektalasaval

— Human GH gént tartalmazé konstrukcioval
1985-ben (Kina)

— A 90-es években az els) attoré
eredmenyek (lazac)



Miért elényss a hal? )) Mkl

 Nagyszamu ikra
 Nagymeretl petesejt

» Tobb fajbol egész évben nyerhetd
Ivartermek

« Kuls6 megtermekenyités
» KulsO egyedfejlodes



Génkonstrukciok » M1V

« Génsebészeti eljarasokkal darabokbdl
rakjak ossze

* Elemei:
« GEN (a valtozast elbidézé fehérjét kddolja)
« Szabalyzo elemek (a gén mikodeését iranyitjak)

« Markergének (a transzgén nyomonkovetéseét
segitik)



Génkonstrukcio M/ NIE

MAGYAR AGRAR- ES
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Promoter —

Gén |

Markergén — me—

Poli A .
CMV des gfp pA
Plazmid(10kb)

, ¢:I\%g X :r Kl(’)HOZéS
KCSZ BAC EcoRl
konstrukci MAC
kihasitasa

) popAFPA pAFP prométer
0 00,0 0%000 ©® 0 6519 bps »

Baktériumba

Iy P - AFP-A Q
transzformalas Pt g

' Hpa |



Prométerek tipusai » M1V

» Konstitutiv

« Szovetspecifikus

* fejlédési stadium specifikus
* Indukalhato

Egyeb szabalyzo elemek

Oenhencer- ek Nagyobb (200 kb) tavolsagra
} Konstitutivak
. szovetspecifikusak
esilencer-ek



Transzgenek ) alm

« Barmely fajbdl szarmazhatnak
— Novekedeési hormon gén (GH)
— Fagyasgatlo fehérje gen (AFP)

— Tapanyag metabolizmust / anyagcserét
befolyasolo gének

— Gyogyaszatilag fontos fehérjek (pl.: Inzulin)
— Rezisztenciak



Riporter vagy markergének ) MI/A\TIE

« Rezisztencia gének (bakterialis
eredetlek)

— szovettenyészetekben

— genkonstrukciok elballitasakor (vektorok is
tartalmazzak)

« Szubsztrattal kimutathato fehérje gének
* Fluorescens fehérjek



ac’Z
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gfp

(E. coli)
(P. pyralis)

(V. harveyi)
(A. victorii‘
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Riporter ggének felhasznalasa ))

Szoveti eloszlas

In vivo szelekcio

Kvantitativ meghatarozas

CAT

+i

Luciferase

LacZ

GFP



Poly- A szignal ) MAﬁE

* Nagyon konzervalt regio
» Gyakran viralis eredeti

Konstukciok torténete

« Kezdetben foleg viralis eredetl
szekvenciak

» késObb viralis és eml6s/gerinces
keverek

 Minél kozelebbi rokon



Génbeviteli eljarasok » M\ (=

« Mikroinjektalas

— egérnél a pronukleuszba (>25%)
— halaknal citoplazmaba (3-5%)

 DNS spermium sejtekhez kotése a megtermékenyités
elott

« Embriok elektroporacidja

« Spermium sejtek elektroporacioja

« Liposzoma-medialt genbeviteli rendszer

« (Génpuska

* Retrovirus (hatékonyabb, de nem expresszal)

* Transzpozonok



Mikroinjektalas, az ikra

szikallomanyaban zajlé anyagaramlasok M/WE
vizsgalata TUDOMANT £

T". JON 'LI L'i YETEM

Konnyen kivitelezhet tobb
ezer embridon naponta

Nasevicius and
Ekker (2000, 2001)



Transzgén sorsa » M1/AVIE

Replikacio
Megsemmisulés
Korré zarodas

Konkatamer képzodeés
Beépulés (illegitim rekombinacio)
— genetikai mozaikok

— exrakromoszomalis transzgeén- tranziens
expresszio

Stabil transzgénikusok csak az F1 generacioban
— Veégso bizonyitéek a mendeli oroklédeés



Expresszié a sziket korulvevo [Vl /\WE
szinticialis rétegben (YSL) VACTARAGRAR-£5

- ‘-ﬁﬁt’"”' R L




| Inc!ukalheito genexpresszio ™M/ NIE
vizsgalata hGsokk promoterekkel




| Inc{ukalhefmo genexpresszio ™M/ NIE
vizsgalata hésokk promaéterekkel




Enhancerek hatasanak vizsgal Z
ancere .a.tasana Zsga ata a MIA | =
Izomspecifikus expressziora

ELETTUDOMANYI EGYETEM

MyHC lacZ/pA
b
x 8

MyHC lacZ/ipA MylLC

E E

.l\.MC MYHC  lacZ/pA
O - [ —
B B ¥ 3




Nem integralodott transzgen M/\WE
oroklodese

agy |bajusz| bér | farok | izom |kopoltyd| maj | sziv | vese [gonad| utod
FO 19
egyed 44% | 36% | 47% | 31% | 6% 14% | 7% | 31% | 14% | 29% | 76%
F1 34
egyed 50% | 47% | 37% | 30% | 6% | 28% | 29% | 68% | 23% | 52%
F2 8
egyed 75% | 50% | 25% | 13% | 25% | 25% | 0% | 75% | 63% | 75% |100%

HA2837/1 | non tested
HA2837/2 45,5%
HA2837/3 22, 7%
HA2837/4 | non tested
HA2837/5 | non tested
HA2837/6 11,4%
HA2837/7 | non tested
HA2837/8 9,7%




Tudomanyos vizsgalatok 1. A\ =
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BRI Tudomanyos
it vizsgalatok 2.

A. Vér
B. pajzsmirigy

C. Kozponti idegrendszer
D. Szagld neuronok

E. Motoros Neuronok




Tudomanyos vizsgalatok 3. )) M/\

Fluorescens kép LMO2:dsRED transzgénikus zebradanié embridban. A transzgén vordsre
festi a fejl6d6 ereket. A zOld szin autofluoreszencia a szemben. (48 6ras embrio).



Tudomanyos vizsgalatok 4. NVA =

MAGYAR AGRAR- ES
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Expresszo6 dupla transzgénikus embridban : e GFP porc szdvetben és
RFP a csontban.



Tudomanyos vizsgalatok 5. M/\

LOOKING INSIDE DISEASE: The wild-type zebrafish larva on the left is stained for the
two neuronal proteins (green) and membrane-trafficking proteins expressed near
synapses (blue). On the right, the neurons of a transgenic zebrafish larva produce the
dementia-associated Tau protein (red), a disease-specific form of which is stained in




Transzgenikus Bio-monitor

halak

Environmental pollution detection:

Hormonal effects
Stress factors
Toxins

Heavy metals

(Kurauchi et al. 2008) (Oofusa et al. 2003)

Tranzsgénikus Medaka Transzgénikus Xenopus
in vivo 6sztrogén hatas Ne,hezfem k|mL.Jtata's
choriogenin H + GFP egér metallothionein-1 +

EGFP

(Blechinger et al. 2002)

Transzgénikus zebradanio
Kadmium vizsgalat
Hsp70 + EGFP
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ZGENEBIO Transgenic Fish service SOP

v

Mosaic Outcrossing

founder

T T

Transgenic Non-transgenic
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Morpholino 1 ) H1/AVIE

Blocking Translation




Morpholino 2 ) 1/

Blocking Splicing




Antiszensz transzgenikus(knock M=
down) halak

sGnRH-antiszensz transgenikus szivarvanyos pisztrang
cél: lassu ivarérés vagy sterilitas
eredmény:
-csokkent GnRH szint
- nincs hatas az ivarérésre
(Uzbekova et al. 2000)

sGnRH-antiszensz transzgénikus pontyp
eredménys:
-csokkent GnRH szint
- NEHANY HAL STERIL

(Hu et al. 2007)

Myostatin-antiszensz
transzgenikus szivarvanyos
pisztrang

- 20-25%-0s izomtomeg novekedés
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L TALEN )

Functional

OMA binding domain domain
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POLDDDD N

NNNNNNNNNNNNNNNNNNT

B Functional
DMA binding domain domain
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CRISPR AL

ELETTUDOMANYI EGYETEM

PAM |
sequence .'I
|

-Guide RNA

Matching genomic
seguence

Cas9

TTTTTTTTTT I TTTTTTI e
TN i UL i
Donor DNA
Repair ! ;!
T T I T
LU L

Targeted genome editing
Human cells : N
g U Bacterial cells

Zebrafish J .




Lehetséges alkalmazasok )) M\ (=

* Nagyobb testtomeg
 Novekedeés felgyorsitasa .~ GH
« Tapanyag ertékesites javitasa
 Zsirtartalom csokkentes <
« Fagyturés novelése . AFP
* Hidegtolerancia novelese B
« Gyorsabb tenyészérés h
¢ y . ~  GnRH
« Lassabb tenyészéres
* Rezisztencia Rezisztenciat biztositd gének
« Biomonitor halak Stressz feh. Szabalyz6 + riportergén
« Bioreaktor Gyogyaszati, ipari fehérjék

 Anyagcsere atalakitas Metabolizmus kulcs enzime



allatok

/Zebrafish

* Goldfish
*Common Carp
Qrass carp
*Rohu

*Mrigal

*Ayu

*Chanal Catfish
*Indian catfish
*African catfish
*South-American
catfish

Genetikailag modositott vizi

*Atlantic Salmon
*Chinook Salmon
*Coho Salmon
*Cutthroat Trout
*Rainbow Trout
*Arctic Char
*Amago salmon
*Rainbow trout

*Striped Bass

*Sea bream
«Japanese flounder
*Turbot

*Halibut

ey
) MIA\! (=
MAGYAR AGRAR- £5
ELETTUDOMANYI EGYETEM

*Nile Tilapia
*Tilapia zilli1
*Green sunfish
*Bluegill
*Northern pike
*Walleye check

[ oach

Japanese Medaka

*Shrimp
*Abalone

[ obster
*Crayfish

*Clam

*Common scallop



Résztvevo orszagok NMYA\ | [=

MAGYAR AGRAR- ES

ELETTUDOMANYI EGYETEM
United States China Hungary
Canada Korea Rep. Norway
New-Zealand India Finland
United Kingdom Germany Brasil
Cuba Israel Japan

From the report - GENETICALLY MODIFIED ORGANISMS ANDFISHERIES,
by - Jacques Diouf, FAO Director-General 7 March 2000



Species Foreign gene Desired effect and comments Country

Atlantic salmon AFP Cold tolerance United States, Canada
AFP salmon GH Increased growth and feed efficiency

Coho salmon Chinook salmon GH + AFP After 1 year, 10- to 30-fold growth increase Canada

Chinook salmon | AFP salmon GH Increased growth and feed efficiency New Zealand

Rainbow trout AFP salmon GH Increased growth and feed efficiency USA, Canada

Cutthroat trout Chinook salmon GH + AFP Increased growth Canada

Tilapia AFP salmon GH Increased growth and feed efficiency; stable inheritance Canada, United Kingdom

Tilapia Tilapia GH Increased growth and stable inheritance Cuba

Tilapia Modified tilapia insulin- Production of human insulin for diabetics Canada
producing gene

Salmon Rainbow trout lysosome gene and | Disease resistance, still in development USA, Canada
flounder pleurocidin gene

Striped bass Insect genes Disease resistance, still in early stages of research USA

Mud loach Mud loach GH + mud loach and Increased growth and feed efficiency; 2- to 30-fold China, Korea, Rep.
mouse promoter genes increase in growth; inheritable transgene

Channel catfish GH 33% growth improvement in culture conditions USA

Common carp Salmon and human GH 150% growth improvement in culture conditions; China, USA

improved disease resistance; tolerance of low oxygen level

Indian Major Human GH Increased growth India

carps

Goldfish GH AFP Increased growth China

Abalone Coho salmon GH + various Increased growth USA
promoters

Oysters Coho salmon GH + various Increased growth USA

promoters

AFP = anti-freeze protein gene (Arctic flatfish).

GH = growth hormone gene.

From the report - GENETICALLY MODIFIED ORGANISMS ANDFISHERIES,
by - Jacques Diouf, FAO Director-General 7 March 2000
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Genes from Fish to Other Life Forms
Species Foreign gene Desired effect and Country
comments
Salmon Calcitonin production | United
Rabbit calcitonin- to control calcium loss | Kingdom
producing gene | from bones
Strawberry and potatoes AFP Increased cold United
tolerance Kingdom,
Canada

From the report - GENETICALLY MODIFIED ORGANISMS AND FISHERIES,
by - Jacques Diouf, FAO Director-General 7 March 2000
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Maclean, N., Rahman, M.A., Sohm, F., Hwang, G-L., lyengar, A., Smith, A., Ayad, H. and Farahmand, H. (2002).
Transgenic tilapia and the tilapia genome. Gene. 295, 265-277
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* B-actin promoter GH gennel kapcsolva.
*>3(0 — szoros novekedés.

6 honapos egyedek

(Nam et al., 2001 Transgenic Res. 10(4):62.)
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Rohu (Labeo rohita)—a leginkabb tenyésztett és a széleskorben
fogyasztott halak kozott van indiaban.
(Venugopal et al., 2004)
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GH transzgenikus Coho ) M/ NS
Salmon

Uj génkonstrukcio:
Erds promoter (sockeye
MT) + extra novekedési
hormon gén

(sockeye GH).

A novekedési hormon hideg vizben is termelodik.
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A genetically engineered
salmon (above) will grow
ten to eleven times faster
than normal fish (below).




GH transzgenikus Atlanti ) MIA =
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Ocean pout antifreeze gén promoter +
chinook salmon novekedési hormon gén

1.2 kg vs. 200 g
7.5 honapos halak




Koérnyezeti interakcio M1/ NIE
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d

Hatchery environment

Satiation-fed transgenic

Restricted growth transgenic
Satiation-fed wild

b

e e ]
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Simulated nature transgenic

Simuiated nature wild

Nature [Chehalis River) wild



Transzgenikus ,coho sa’Imon fejlodesi MIA =
rendellenessegek ki
MY

Fig. 1. Transzgéniku OnMT-GH1 ikras (fent) és tejes "coho salmon” egyedeken kifejez6d6 koponya
elvaltozas (CM) és ivarérési dimorfizmus. Az ikras j6l fejlett ovariummal redelkezik (O), mig a tejes
heréje gyengén fejlett (T).



Overexpression of follistatin in trout I'v| /WE
stimulates increased muscling MAGYAR AGRAR
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B: control (bottom) and
transgenic trout overexpressing
follistatin (top and middle). The
whole body cross sections are
from the respective individuals
and were excised immediately
anterior to the dorsal fin. All
images were captured at an
identical distance and camera
settings.

omparativel

A: green fluorescent protein (GFP)
larval muscle (left) and hypaxial
muscle tissue from 2-yr-old control
(top) and GFP transgenic trout
photographed under 365 nm Iight

Erika F. Medelros et aI Am J Physiol Regul Integr Comp
Phvsiol 2009:297:R235-R242 = |




Activin II B receptor

transgenic rainbow trout

Localized muscling exhibited by the
P1 founder generation of rainbow
trout. P1 transgenic individuals exhibit
localized muscling in both the
abdominal and epaxial regions of the
musculature.

A:

TG - Morphology of 2-year-old
acvr2b* transgenic

C - Control

B: Cross-section of a P1 transgenic
fish reveals asymmetrical skeletal
muscle growth,

Michael P. Phelps et al. J Exp Biol 2013;216:3742-3750
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A Functional
OMA binding domain domain
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B Functional
DMA binding domain domain
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Production of a breed of red sea bream Pagrus major with an increase of skeletal
muscle mass and reduced body length by genome editing with CRISPR/Cas9
(Aquaculture, Volume 495, 1 October 2018, Pages 415-42)

Myostatin (Pm-mstn) complete
knockout

16% increas



The genome- edited-mstna yellow &g A
(Pelteobagrus fulvidraco) JM[J\“E

ELETTUDOMANYI EGYETEM

The myostatin knockout
yellow catfish had increasing
muscle fiber number but
decreasing muscle fiber size in
the skeletal muscle.

grew and bred normally,
37% gain

Aquaculture 523 (2020) 735187



Kyoto firm puts genome-edited tiger M /\WE
puffer on the table e e

In the genome-edited fish strain, a leptin receptor reducing appetite was
removed, leading to growth at double speed and improved feed utilization
efficiency. 1.9 times larger on average and 2.4 times larger than wild-type



AAL ‘-'F'f l.)‘l' :.F-

Production of Transgenic Crayfish ) M /\-

Tranaronadal Infection

Pantropic Betroviral Vector

Hatc hinglL arrae

Mating! Spawing



Produce Transgenic Clam M/\WE
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Spawning Induction

v

Pan tropic
Retroviral Yector |
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Fluorescens transzgenikug X NI TTIC
g )) /A

nappali fényben + UV (A)
385nm ultraibolya fényben (B).
nappali fényben (C)

385nm ultraibolya fényben (D).

(g

E _ GFP fish muscle extract

100 90 80 70 60 50 40 30 20 10 0%

3

10 20 30 40 50 60 70 80 80 100%

0
RFP fish muscle extract

Zhiyuan Gong et.al. (2003)BBRC 308: 58-63
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GloFish )) MVA\ | =

megvasarolhato:
* Thailand
* USA

Nem engedélyezett:
e California

« EU

e Canada
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Convict cichlids (Amatitlania nigrofasciata) Taiwan's Council of Agriculture
Bejelentés:

28 June 2010

A tervek szerint 2012- ben
szeretnék a diszhal piacra
bevezetni ezt a ,cichlid” fajt

Angelfish (Pterophyllum scalare)
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Convict cichlids (Amatitlania nigrofasciata) Taiwan's Council of Agriculture
Bejelentés:

28 June 2010

A tervek szerint 2012- ben
szeretnék a diszhal piacra
bevezetni ezt a ,cichlid” fajt

Angelfish (Pterophyllum scalare)
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CAquasounty

TECHNOLOGIES

Entis E. (1998) Taste testing at a top Canadian restaurant. Aqua Bounty Farms 1:1-4

AquAdvantage™ Atlanti lazac (Aqua Bounty Technologies Inc., Waltham, MA),
egy gyorsitott novekedési étkezési hal engedélyeztetése van folyamatban az US
Food and Drug Administration (FDA) 1999-6ta (Logar and Pollock, 2005)




uaBounty

TECHNOLOGIES

&

) !

M/\WE

f-nF'

Ocean pout antifreeze gén promoter + chinook salmon
novekedési hormon gén

Triploidizacioval sterilizalt (masodik sarkitest
kilokodesének gatlasa+ cell sorter ellenorzés Kkikelés elott)

Growth Curves (Growout)
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Glowing Sushi







