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Tobb ember, kevesebb hal

A Fold lakossaga: >7 milliard Kiurulé éceanok

Source: National Geographic
endoftheline.com



Reproductive Genomics Group, TLL

Cél: A haltenyésztés fejlesztése a genomika
eszkozeinek felhasznalasaval

Projektek:

*Elit tenyészvonalak kifejlesztése genomikai
szelekcioval;

*Az ivar és ivarvaltas genetikai szabalyozasa
a zebradanio modell segitségével;

A sarkanyhal szaporodasbiol6giaja;

*Pontyfélék pikkelymintazatat befolyasold
genetikai faktorok.

Fotdk: wikipedia, Chin Heng Goh, Matt Dyck



A hal genomika kihivasai

KozOs Os:

Fajok szama:
Tenyésztett fajok:
Technoldgia transzfer:
Genomok hasonldsaga:
Genomok komplexitasa:

K+F:

Emlosok

100 m. éves
<6 ezer
Tucatnyi
Konnyebb
Nagy
Magas

El6rehaladott

Halak

240 m. éves
>34 ezer

~100

Nagyon nehéz
Alacsonyabb
Magasabb

Induldban
(kivéve lazac)



Azsiai tengeri siigér
(Lates calcarifer)
Barramundi (AUS);
Katadrom ragadozo;
Protandrias hermafrodita;
Nagy teruletet foglal el;

Tobbnyire kisebb farmokon tenyeésztik;




Igy tenyésztik a tengeri siigeret

Broodstock

Harvest

9 months - 2 years, 350 g- 2 Kg

!

Grow-out

Ponds, cages or net pens

http:/mwww.fao.org/fishery/culturedspecies/Lates_calcarifer/en

Larval rearing
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Juveniles
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Nursery tanks or cages




Azsiai tengeri siigér
(Lates calcarifer)
Barramundi (AUS);
Katadrom ragadozo;
Protandrias hermafrodita;
Nagy teruletet foglal el;

Tobbnyire kisebb farmokon tenyesztik;

TLL-AVA egyuttmikodés: Szelekcos
program - F3 generacio;

Novekedesi erely.




A legfontosabb kérdeések

* Miért van szukség markerekkel tamogatott
szelekciora?

* Minek ehhez a genom?

» Miert fontos a megfelelé kiindulasi
allomany?

* Hogyan lehet sok csaladot tesztelni
egyszerre?

* Milyen eredmenyeket remélhetunk?



A baromfil utat mutat

Havenstein et al., Poultry Science 82: 1500-15098 (2003);
Zuidhoff et al., Poultry Science 93:1-93 (2014)



A legfontosabb kérdeések

 Minek ehhez a genom?



Mia genom?
Egy faj teljes genetikai
informacioja.

Miért kell megszekvenalni?
El kell olvasnunk a szbveget,
hogy megeértsuk a torténetet.
Csaladi konyvtar...

Hogyan?

Kifejezéseket, mondatokat,
esetleg rovidebb bekezdeseket
olvasunk el és megprobaljuk
‘Osszeragasztani’ Oket.

Photo credits: http://standardcriteria.ca/lbummer-reading-list/



Poligénes oroklodeés

* A novekedés es a betegsegek
elleni rezisztencia - poligénes
(multifaktoros) orokl6des;

 Emberi magassag >100 |okusz
(gen);

* Mint sok-sok villanykapcsolo...

* Alzheimer, skizofrénia -
hagyomanyos eszkozokkel
nehéz...

Kép: http://i.imgur.com/WdzBziO.jpg



A szelekcios eljarasok evolucioja

1) Hagyomanyos: lassu €s munkaigényes; altalaban
csaladokon alapul;

2) Markerekkel tamogatott: gyorsabb, nagyobb
felbontasu és hatekonyabb;

3) Genomikail: gyors és igen magas felbontasu;
halakon most kezdik alkalmazni.



Az eddigi legjobban osszerakott hal genom...

& Lates
calcarifer

® Gasterosteus
aculeatus

500 1,000
Contig N50 (Kb)

Vij etal., kozlés alatt (2015)




A genomszekvenciak lehetséges elonyel

* Feherjeket kodolo régiok;

* Ismetiodések;

» Szabalyozo regiok, kaszkadok;

» Osszehasonlito-evollcios genomika;

» Uj eljarasok...



A legfontosabb kérdeések

» Miert fontos a megfelelo kiindulasi
allomany?



Tengeri sugér populaciok genetikai rokonsaga
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Yue et al., Aquaculture 293: 22-28 (2009)




Molekularis jelzések ->
az Azsiai tengeri suger tobb fajbol allhat

Indian
Subcontinent
99/99/99 +
Myanmar
(52)

Indian
95/91/91 Subcontinent
(50)

98/97/97 | Australia
9)
S-E Asia
(24) S-E Asia
(35)

90/99/99

100/99

== L. niloticus P
Ward et al., J. Fish Biol. (2008); OE— L. niloticus

Pethiyagoda & Gill, Zootaxa (2012) COl 16S rDNA
Vij et al., Frontiers Marine Science (2014)




Genomok ujraszekvenalasa
bizonyitja a tobb faj meglétét...

o Australia—Darwin

p E@ & Australia=Queensland
=+ _f B e + Cambodia
- = I:FE % India—Eastern Coast
el India-VWestern Coast
'Vf T v Indonesia—Kalimantan
Indonesia-South of Jakarta
Indonesia-Sulawesi
@ Papua New Guinea
@ Philippines
i Singapore
A Thailand-EastCoast
Vietnam

eigenvector 2 (7.50%)

0.1

eigenvector 1 (8.74%)

Vij et al., under submission (2015)




... €s lathatova teszi az introgressziot

Indian region S-E Asia/PH

Vij et al., kozlés alatt (2015)



A legfontosabb kérdeések

* Hogyan lehet sok csaladot tesztelni
egyszerre?



Hagyomanyos es modern szelekcio
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Csoportos keresztezések (25 X 25);
Top 1-5% kivalasztasa;
A szll6k azonositasa genotipizalassal.




Mikroszatellitek: amikor a genom ‘csuklik’

ALLELES
#1 —CACACACACACACACACACACACACACACA
CACACACACACACACACACACACACACACACACA

CACACACACACACACACACACACACACACACACACA

GENOTYPES
1/1 2/2 3/3 1/2 1/3 2/3

Szul6-utod kapcsolatok azonositasa,
Kriminologia, stb.

Kulonbozob allélfrekvenciak a
populaciokban.

Image: http:/mww.informatics.jax.org/silver/figures/figure8-10.sht
Image: http:/mww.lifesciences.sourcebioscience.com/genomic-services/fag/microsatellite-genotyping/



A legfontosabb kérdeések

* Milyen eredmenyeket remélhetunk??



Genomikai platformok

* Polimorf DNS markerek;

* SNP chipek;

* RNAseq;

» Genotipizalas szekvenalassal (GBS);
» Ujraszekvenalt genomok;

e stb.



Komplex
tulajdonsagok
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lvarvaltas Azsiai tengeri siigérben

Ovarian lumen Ffferent ducts Dorsal side

Testis

AN
™\ Invagination of the
ventral side

Furcsa kivetelek: ‘dacos’tejesek és ‘rohand’ ikrasok

Guiguen és mtsai., Env. Biol. Fish. 39: 231-247 (1994)
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Expresszios csip: Az atalakuld here ‘visszatér a gyokerekhez'...

Junhui Jiang, Ph.D. Tézis (2014)




Nutrigenomika: a hal és taplaléek viszonyanak
jobb megeértése

B vs. C (2336)
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B vs. D (2641) s. D (2760)

Groups

A mesterséges tapokkal etetett hal jobban n6, de husanak tapéertéke
csokken - a genomika itt is segithet...

Ngoh és mtsai, kozlés alatt (2015)



Mi kell a harcsa szelekciés programhoz?

» Osszefogas;

 Alapos tervezes;

» A klasszikus és molekularis megkozelites
harmoniaja;

» Elkotelezett kutatok és lelkes diakok;

» Valtozatos, ‘vad’ genetikai allomany;

« Genomikai eszkozok:

* Megfeleldo tamogatas.



Mi a varhato haszon?

* A hazai allomany genetikal felmerése (es
az egesz regioe);

* Atechnologia fejlesztése és
egysegesitese;

» Gyorsabban novekvé vonalak;

* Rezisztens vonalak;

* Robosztusabb harcsaallomany;

* Mas fajokra is alkalmazhato program.



Hasonlo jokat mindenkinek...

https://thegreatwhitehunter.wordpress.com/giant-river-ebro-catfish/






In collaboration with local and international

teams

Singapore: International (11 countries):
Orban lab (TLL) 1.SANBI (South Africa) 13. SANBI (South Africa)
You lab (TLL) 2.Dobzhansky Ctr (Russia) 14. CSIR-IGIB (India)
TLLseabassteam (@MAC) 3.CSH Lab (USA) 15. Nova SE Univ. (USA)
TLL tilapia team (@SRS)  4.Max Planck Inst. (Germany) ~ 16. U. Toronto (Canada)
MAC (AVA) 5.Saint Petersburs SU (Russia) ~ 17. Hosp Sick Kids (Canada)

6.PacBio (USA) 18. U. Pannonnia (Hungary)
Temasek Polytechnic 7.IMCB — RAS (Russia) 19. Murdoch Univ. (Australia)
Five fish farms 8.U. East Anglia (UK)

9.TGAC (UK)

10.CIBA(India)
11.JCU (Australia)



Mozambique tilapia
(Oreochromis mossambicus)

A close relative of Nile tilapia;
Viable, fertile hybrids;

Short generation time:

5-6 months (seabass: 4
years);

Higher salt tolerance...

however, much slower growth,

than Nile tilapia.



Outline

« (Genome projects;



Asian seabass genome — what was known

Genome size: 700 Mb (ca. 400 books)
2n =48

Genetic linkage map (high density)
Physical map

Expected gene count: 26,000-27,000
Repeat inventory
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Kuznetsova et al., Front. Genet. (2014)



Aslan seabass

Genome Assembly Plan

[llumina HiSeq 2500 PacBio SMRT
2X100nt PE 80 Smart Cells
80X Coverage 30X Coverage
vl v2
v3
v4

Shubha Vij & RGG

International collaborators from 17

BAC end
sequencing
1X Coverage

Repeat Inventory

Transcriptome

@ D

Mate-pair libraries (?)

< 4

~

Pooled BAC sequencing

4

o Y

Gap filling (?)

& 4

Improved High Quality Draft Genome

organizations and 11 countries

A




Asian seabass - Genome Sequence Datasets

llumina PacBio PacBio
HiSeq SMRT SMRT

2X100 nt PE g likiavdlican ~8 kb avg read

length length
500&750 bp ~10 Kb library ~20 Kb library

80X
30X 60X
coverage coverage coverage

Sanger

seq
Two BAC
libraries-
~120 kb insert
11.5K seq

A partially inbred Asian seabass 1X coverage
iIndividual




Diseases of the Asian seabass

Hatchery Nursery Pre-grow-out Grow-out
0Og 1lg 10 g 100 g 1 kg

Nodavirus (VNNV) . Neobenedenia spp

Big Belly Disease

>
Iridovirus

>
Tenacibaculum maritimum

).

Streptbcoccus iniae
—>

Scale drop syndrome}

Adapted from:

- ‘Diseases and vaccination strategies in Asian sea bass’ by C. Komar*, Z. Tan L. Grisez L. Labrie, E. Ho (Intervet
Norbio Singapore) & B. Wahjudi*, A. Michel (PT Fega Marikultura)

- ‘Disease of Lates calcarifer’ Susan G. Kueh




Developing disease-resistant seabass lines

Goal: identify offspring individuals from mass crosses
with higher level of tolerance against pathogens

Tools: advanced genomic platforms based on
seguenced genome

Main approaches:

A)Lab-based trials: small scale, well-controlled, single
pathogen, disease development

A)Farm-based trials: larger scale, multiple pathogens,
‘morphing’ from one disease to another



Complimentary strategies for disease studies

Lab-based Farm-based
Control: high low
Pathogen: single multiple
Number of fish: few hundred 20K
Infection timing: known estimated
Following progress: manageable  difficult

Resistant line: difficult easier (?)



Experimental Setup

A. seabass juveniles
3 months old (~20g)

VACCINATED CONTROL

DEAE \] Post-vaccination sampling

Day 7 Post-vaccination sampling

Injected with Injected with Injected with Injected
mock with mock

Day 21

-

Collected spleen and head kidney samples @ 25-29hrs late

!

Gene expression analysis by microarray




Transient change in spleen transcriptome after vaccination

Hierarchical Clustering Day 0
Based on 498 genes, p-

: Vaccination
value (Treatment) with
FDR <0.05

43.10 30.17 2155 1293 431
e 1 1 1 1 1 I 1 I J

D7_Control

D7 Vaccinated

D1 Control

D1, Vaccinated

Sample Name Treatment W D1_Control W D1_Vaccinated B D7_Control W D7_Vaccinated

O O
2.01 g

* Vaccination elicited a major change in the transcriptomic profile after 1 day
 Transient change

Jiang etal., PLOS ONE 9(7): 99128 (2014)



A unique group of genes up-regulated in vaccinated-
challenged spleen .

——Day 1
—— Day 7

Hierarchical Clustering

Based on 10,331 genes, p- “
value (treatment) with p '
FDR<0.05

199.18 139.43 9959 659.76 19.92
{ R S s N [y [ N —

Un-vaccinated & Challenged

Sample Name Treatment M Control Challenged B ControlMock B Vaccinated Challe... M Vaccinated Mock

-3.25 0.00

Jiang etal., PLoS ONE 9(7): €99128 (2014) tREElElel LR e



Survival rate of seabass fingerlings
In Sea cages

BBS Iridovirus

Start i
Batch 1: 20.8k
Batch 2: 19.8k
End
o Batch 1: 416
Batch 2: 816

56 70 84 98

+7]
=Ts}
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et
c
Q
o
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o
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i
=
wy

Days at farm




Case #3: Understanding sex change



Asian seabass (Lates calcarifer)

* Problem: Protandrous (male-first) hermaphrodite;

o Zebrafish can be used as a model to understand sex
change.

onadal primordiu Gonad differentiation

SD
'‘Juvenile ovary' stage  Gonad transformation/Testis differentiation

slate

/)f : Bipotential

B. Zebrafish

Orban etal., Mol. Cell. Endocrinol. 312:35-41 (2009)



Natural sex reversal in Asian seabass

Ovarian lumen Ffferent ducts Dorsal side

Testis

AN
™\ Invagination of the
ventral side

Unusual individuals: ‘reluctant’ males and primary females

Guiguen et al., Env. Biol. Fish. 39: 231-247 (1994)



Hv el Qateng

Unienaed

Ovary
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Array-based transcriptomics: The transforming gonad returns to
a near-undifferentiated stage before initiating feminization

Jiang etal., Ph.D. Thesis (2014)




The Zebrafish Model

Asian seabass

Ravi, Jiang et al., RB&E 12:5 (2014)




Conclusions

Genomics can help to improve aquaculture
production;

Selection for complex traits requires more time (and
money);

We need the genome to do genomic selection;

Assembling sequenced genomes is a game of huge
jilgsaw puzzles;

Models help studies on large-bodied food fishes.



Near future:
Integrated systems applied to
several fish species

Present:
Genomic selectionon
A. seabass & tilapia

Past: MAS on
seabass

Y
)
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