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BEnazonositas modszerei a
hovenyekben
szgenikus organizmusok




Keét fo megkozelités

* Forward genetika — egy fenotipusert
felelés hatter (gen/genek/mutacio)
azonositasa

— Mit6l szarazsagturobb a Plainsman V
buzafajta, mint a Capelle Desprez?

* Reverz genetika — az ismert gén, mutacio
funkciojat keressuk, hatasat a fenotipusra
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Génazonositas céljal

» Alapkutatas
— Bioldgiai folyamatok megeértése

» Alkalmazott kutatas
— Novenynemesitées tamogatasa
— Magasabb termésbiztonsagu, megnovelt
stressztlrésu, jobb viz és N hasznositasu,
magasabb fotosz. hatekonysagu, kedvez6bb

beltartalmi ertekd, iparilag jobban
feldolgozhato, stb.
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Gén izolalas helye

* Van geén, nincs gen
— Ralstonia solanacearum baktérium egy
virulencia-fehérjéjét Arabidopsis thaliana ND1 |
okotipusban két receptor: RRS1-R és RPS4 B 3
felismeri, HR lesz (Deslandes és mtsai, PNAS P8
2003), mas oOkotipusokban nincs

— Foldimogyoré AhRRSS receptor, mashol
nincs— trg. dohanyban megtermeltetve
rezisztenciat ad (Zhang e€s mtsail Plant
Biotechnology J 2017)

* Mindket fajtaban megvan a gén, csak az
expresszioja ter el

— Plaisman V sz.tlro buza mé6g |0l ontozve Is
sok TaGSTU1B és TaGSTF6 GPOX-t termel
(Gallé és mtsai. J Plant Phys 2009)

— Ezek termelese vizhiany hatasara az.
érzekeny Cappelle Desprez fajtaban is
fokozodik, de nem éri utol a Plainsmant
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Gén
Az oroklodés egysege
Tulajdonsagot hataroz meg

A genom kodolo része (~1% eukariotaknal)
— Feherje

— tRNS

— IRNS

— MIRNS

— SIRNS

— Stb.

Nem kodolo reszek — ,junk DNA™-elavult
elnevezes
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Just because of you don’t understand,
you Can’t Call us “Junk”!

ber 26.




Jellegek

* MinOseqi jelleg: 1-2

Egnes, a Grain

omyezettd A
kevésbé flugg a | A \
kialakulasuk. g (\;-7
Példa: leafy gén Y
(S|Iokukor|c:a()J -~ N\ 4

5 N ;/\ @',/\

« Mennyiségijelleg: - % - 4
Quantitative trait SDobpba, 26000 pRs
locl (,({IjL), pl.
termokepesseg
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Forward genetikai modszerek

 DNS-alapu modszerek
— Genetikai térképezés

— Random mutagenezis (TILLING, EcoTILLING,
T-DNS inszercio)

— Teljes genom szekvenalas

« Génexpresszios mintazatok elemzeése
— cDNS-konyvtar készitese
— Microarray
— Transzkriptom szekvenalas
— Proteom elemzése

MTA ATK 2019. szeptember 26.
Mez6gazdasagi Eva Csaba



Genetikal téerkepezeés

* A gentérkepezes soran a genek egymastol
valo tavolsagat, a genomban valo
viszonylagos elhelyezkedésuket hatarozzuk
meg a teljes genom szekvenalasa néelkul.

* A gentérkepezes soran populacidogenetikai
adatok is felhasznalhatok. Nem szoritotta ki
a teljes genom szekvenalas, inkabb
kombinaljak az Uj generacios szekvenalos
modszerekkel.
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Genetikal terkepezés modszere |.

° Mendel |: uniformitéS, 6.4. tablazat. Az Y/v; R/r x yly; rir tesztel0 keresz-

7 7 tezésbol szarmazé utdédok geno- és fenotipusa. Az Y/y és
ket g en az R/r allélok Kiilénboz6 kromoszomdik részei.
~ PIYYRR xyy It A
— F1: 100% Yy Rr arsejek | genotipusa | AZUO0K | jpucok
genotipusa v, r aranya
N YR Yyv; Rr O sziiloi |
° Mendel ”Ia fuggetlen Yor Yy, rr [ rekombinans 1
kombiné|édés—>, V; R yy; Rr @ rekombinans 1
visszakeresztezés hom. wr |y ® | szlé !

rec. szulovel (teszteld

keresztezés) dominans- A fenotipusok: O = sarga és gombdlyt; [J = sarga és

recessziv oroklodeés
— F1L: Yy Ry x P2:yy Ir

http://web.med.u-szeged.hu/mdbio/hun/anyagok/2012-
2013/1.felev/ismge/8/Mendeli_genetika,kapcsoltsag..pdf

szogletes; @ = zold és gombdolytl; B = zold és szogletes.
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Genetikal terképezes modszere |l.
Kapcsoltsag

F1: Aa Bb x P2: aa bb

Kapcsoltsag eseten
nem fuggetlen a
kombinalddas

Eltéerés az 1:1:1:1
aranytol

0,01 (vagy 1%) )
rekombinacios egyenlo
1 terke egysegﬁ/le
(ceng organ, cM)

Itt 10%, 10 cM

6.5. tablazat. Az Ala; B/b X ala; b/b tesztelo keresz-
tezésbol szarmazo6 utdodok geno- és fenotipusa. Az A/a és
az B/b allélok ugyanannak a kromoszomak a részei,
kapcsoltan oroklodnek.

A néi A hll’l]lVfiTSE:JtEk Az utédok | AZ u}‘fmd
1varsejtek genotipusa Housa tipusok
genotipusa a b PUs aranya’
A B A Blab ® |szildi 45
Ab A bla b % | rekombinans 5
a B a Bla b % |rekombinins 5
ab a blab @ | sziilol 45

A fenotipusok: ® = sotét, karéjos sziromlevelek; 7¥ =
fehér, csipkés sziromlevelek; ## = fekete, csipkés
sziromlevelek; & = fehér, karéjos sziromlevelek.

' = egy példa.
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Genetikal terkepezeés

« Gének egymashoz
kepest, vs. genom
vazhoz

N
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« Vaz: RFLP terkep,

RAPD térkép, *l
mikroszatellita

terkep, SNP térkep

— Mikroszatellit, vagy
simple sequence
repeat (SSR)

— SNP: single o |
nucleotide Buiza mikroszatellit
polymorhism, térkép (részlet)

mutacios hotspot
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Korabbi genom vazak

* RFLP (restriction fragment e
length polymorhism) =, == -
— Genom hasitasa restrikcios | e = = || T

endonuklazokkal Wiy — —
— Blottolas membranba TV = = -
— Southern-hibridizacio jelolt — —— ==
prObavaI eeeeeeeeeeeeeeeeeeeee
 RAPD (random amplified Al
polymorhlc DNA) — | R e
— PCR rovid altalanos primerrel e o




Mikroszatellita
« Rovid (1-6 bp) ismétldodo (5-50) részek a genomban

« Buza mikroszatellita terkép: Roder Genetics, 1998

Hipometilalt buza genom részek (emeésztes metilacio
erzeken enzimmel) klonozasa vektorba, fag plakkok
hibridizalasa |smetlodo DNS-ekkel, p02|t|v KIonok
szekvenalasa vektorhoz csatlakozo primerrel.

— Teérkepezes korabbi RFLP térkepek segitsegevel

aatgtccgccgceccgecggcggcggcggcggtaaaggagt
ccagttcattcattcattcattcattcattcatgtcaggtta

agtct tataatt

atat gtacga

tagtg ttagagt

mber 26.

atcgaagt gttagttat



Table 1. Summary and comparison of SNP identification methods

Method for SNP
identification

EST sequence data

Array analysis

Amplicon resequencing

No genomic sequence and
next-generation

sequencing technologies

Genornic sequence is
available either through
conventional sequencing
or next-generztion

sequencing

Prorequisites

Large number of
available EST-

sequences

Unigene sets based on
EST-sequences, array

technology

Unigene sets based on
EST-sequences,
amplification primers
for many individual
genes

Novel sequencing
technologies,
complexity reduction
methods,

bicinformatic tools

Reference genome,

bicinformatic tools

Current
false
discovery

rate (%)

15-50

A
Ln

15-25

Specifics, limitations

Dependent on the expression level or
need for normalized libraries, difficulties
in the discrimination of orthologous from
parzlogous sequences, low sequence

quality

Mot all SNPs identified, large genomes

require complexity reduction

High reliability but costly, detailed
haplotype analysis possible, many lines
can be compared, allele frequency data

with pools of DNA

Generates large amounts of data, costly
bicinformatics, false discovery rate for
genomes without fiull sequence is

relatively high

Small genomes can be fully sequenced
and compared for SNPs, for large
genomes targeted approaches will be
necessary (e.g. exon capture and multiplex

amplification)

SNP detekcio

Ganai és mtsai. Curr
Opin Plant Biol 2009

Az SNP-térképek
kezdik kiszoritani a
mikroszatellita
terkepeket

Ha van SNP-chip a
fajra, vizsgalhato az
osszes SNP

2019. szeptember 26.
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Ontermékenyiil8 novények térképezési populdcidinak,
fBbb tipusai

Olvasnivalo:;

https://warwick.ac.uk/f Pr x P
ac/sci/lifesci/research/ l

i ot Chromosome induced doubling
vegin/geneticimprove B S T e

ment/population/
/@1 e

F x Py F, Doubled haploid
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Dihaploid technika

Pollen mikrospora-
szovettenyeszet,
novényregeneracio

Anther culture and regeneration of in
vitro plants after stress pre-treatments

Edo Y

Spontan/indukalt (pl. kolhicin)
diploidizacio - stabilizacio

Tiszta torzs gyors létrehozasa

¥ .
7 ,
- -

N

http://knowpulse2.usask.ca/portal/
project/Doubled-haploid-and-
rapid-generation-turnover-grafting-
Interspecific-hybridization-
embryogenesis-and
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Asszociacios téerkepezes

« AKkeét szulos terkepezo populacio eléallitasa munkaigényes es
csak a két szul6 génjeinek vizsgalatara van mod (QTL
mapping, biparental mapping)

* Az asszociacios térk_éP_ezésnéI (association mapping, GWAS
— %en_c_)mmde association study) széles genetikai bazisu =
fajtakor informacidja hasznalhato fel, kell adat a szul6fajtakrol
IS

« Alapja: linkage disequilibrium (LD\%: egyes fenotipusok
kapcsoltak bizonyos SNP vagy SSR markerekkel. Nemrég
kerultek be, még nem szegregalodtak el.

— Fenotipizalas
— Genotipizalas (SNP vagy SSR térkép)
— Statisztika

2019. szeptember 26.
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Széles genetikai bazisi fajtakor kivdlasztdsa

el T

Széles korii Genotipizalas
fenotipusos molekularis
jellemzés (kiilénboz6 markerekkel (pl >
kérnyezet, tobbszéri AFLP, SSR, DArT,
ismétlés) SNP)

LD jellemzése a
marker adatbazisra
alapozva

l l

h 4

Marker - tulajdonsdg asszocidcio
(megfelelé megkozelités alkalmazdsaval) | ——__

Y

Tulajdonsdggal kapcsolt markerek

Populdcio szerkezet
meghatadrozasa
(struktira és
rokonsagi fokok)

azonositasa

Y

funkciojuk jellemzése

Azonositott lokuszok klonozdsa, bioldgiai

Karsai lldiko, 2012



Pelda terkepezesre

Borner és mtsai. Theor Appl Genet 2002: Mapping of quantitative
trait loci determining agronomic important characters in hexaploid
wheat (Triticum aestivum L.)
— Két szulbs térképezés
— Fenaotipizalas, matjd pl. viragzasi id6t, novénymagassagot, _
te,z?(r,szemtomege meghatarozo QTL-ek terképezese mikroszatellita
érképre

Pandit és mtsai. Mol Genet Genomics 2010: Combining QTL
mapping and transcriptome profiling of bulked RILs for identification
of functional polymorphism for salt tolerance genes in rice (Oryza

sativa L.)
— Keét szUld: egy sotlrd és egy sora érzékeny fajta
— Fenotipizalas
— SSR térképezés: SSR-ek PCR-ezése és szekvenalasa
— SNP-térképezés: SNP chip

— A 10, kromoszoma eg¥ regiojan talalt QTL-ek egybevagnak a
szakirodalommal: Na-telvetelt és hajtashosszt meghatarozé gének

vannak itt

2019. szeptember 26.
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Pelda terkepezesre

« Zitzewitz és mtsal. The Plant Genome 2010:
The Genetics of Winter hardiness in Bar_le%_/:
Perspectives from Genome-Wide Association
Mapping
— Asszociacios terkepezes, 148 genotipus
— Fenotipizalas: fagytlres
— SNP chip, szamitogepes elemzes

« Ademe es mtsal. Mol Genet Genomics 2017:
gyapot hozamaval es a rost minosegevel
0sszefuggo QTL-ek asszociacios
terkepezese SSR terképhez

2019. szeptember 26.
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Terkéepezes haszna

Nemesités, marker assisted selection vagy citogenetika

Itt Aegilops biuncialis kromészomarész athelyez6dését kovették buza
kromoszdémara

Megnovelt Zn és Mn tartalom
Farkas és mtsai. Genome 2014

Fig. 1. Molecular cytogenetic identification of 3MP(4B) substitution (a, b) and 3MP".4BS centric fusion (c, d). (a, ¢) GISH discrimination of 3MP
(green) and wheat (brown) chromosomes. (b, d) FISH using Afa family (red), pSc119.2 (green), and pTa71 (yellow) repetitive DNA probes. The
FISH pattern of the missing 4B chromosome can be seen in the insert. Scale bar = 10 pm.




Génszekvencia informacio
terkepezesbol

ISSR PCR: (inter-short sequence repeat PCR) mikroszatellita
markerek kozotti rész felPCR-ezése: vektorba klonozhato es
szekvenalhato

Az SNP-k kodolo génben is lehetnek

— Lu es mtsai. PNAS 2010: szarazsagtiressel osszefug gfo QTL-ek
terkepezese SNP térképhez kétszulbs térképezd populaciokbol

— Az SNP chipeket gén-jeloltekhez rendeltek

Genotyplng by sequencing (Elshire, 2011 Plos One)

Két szul6s térkepezd populacidkon és dihaploid vonalakon végeztéek

— Genomi DNS hasitasa, a repetitiv régiok elkerulése: genommeret
csOkkentése

— Adaptor ligalasa, szekvenalas
— Tobb 10 ezer — tobb 100 ezer EST térképezése
— Olcso, gyors, nem kell el6zetes genom informacio

— SNP- k felderitését seqiti, az Uj generacios szekvenalas és a térképezeés

kombinacidja

2019. szeptember 26.
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Forward genetikai modszerek

 DNS-alapu modszerek
— Genetikai térképezés

— Random mutagenezis (TILLING, EcoTILLING,
T-DNS inszercio)

— Teljes genom szekvenalas

« Génexpresszios mintazatok elemzeése
— cDNS-konyvtar készitese
— Microarray
— Transzkriptom szekvenalas
— Proteom elemzése

MTA ATK 2019. szeptember 26.
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Geén kiutése — mesterséges
mutacios populaciok

 TILLING - Targeting Induced Local
Lesions In Genomes

O
e EcoOTILLING — normal kdornyezeti e~
MUtACiok Y HsC f.) O CHs

 Etil-metanszulfonat (EMS)
mutagenezis

— G-re etilcsoport

— Replikacié soran az QO°S-etilguaninnal
szemben gyakran timin

* Mutacio azonositasa — mismatch
buborek hasitasa (pl. T7, Cel |
endonukleaz)

M TA . AT K 2019. szeptember 26.
Mezbégazdasagi Intézet Eva Csaba



Génkiutés — TILLING

M, seed bank

Array PNAs

' fromM oaf > .;3

pnmers

=== ——————— -I : P
e —— i D}
l denature ’ > 1% |
gel. scan L
il —_— - individvals . v - P
rrrrrraa L el >
- e —
Photoshop Identify mutants

Till és mtsai. BMC Plant Biol. 2004

Schematic diagram of maize TILLING: Fresh pollen
is collected and mutagenized with
ethylmethanesulfonate (EMS). Pollen is then
applied to silks of wild-type plants from the same
genetic background. Seeds from the resulting ears
are grown into plants of the M1 generation. Plants
of this generation are heterozygous for any
induced mutation. Tissue is collected either from
each M1 plant or from approx. 10 M2 siblings from
the M1 self cross. M3 seed is generated by
randomly intermating 10-12 M2 siblings. This M3
seed serves as the seed stock for future studies.
DNA is extracted from collected tissue and
samples are pooled to increase screening
throughput. For mutation detection, sequence
specific primers are used to amplify the target
locus by PCR. Following amplification, samples are
heat denatured and reannealed to generate
heteroduplexes between mutant amplicons and
their wild-type counterparts. Heteroduplexes are
cleaved wusing CEL | endonuclease and are
visualized using denaturing polyacrylamide gel
electrophoresis. See reference [34] for further
details

MTA-ATK
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Genkiutées — TILLING

SR

Seed mutagenesis Senerate 10 000 Generate 7 000
using EMS chemical M, lines M. families

http://www.botany.unibe
.ch/deve/research/projec

J_I_I_I_J.J:’I_J_I_I_I_I_I_l (2 . .
Y - == - ts/tefbiotech/index.htm
||||1|‘_||||r||| - -,
Enzymatic assay PCR amplification with DNA extraction
using CEL | nuclease labeled primers and pooling
S— =
FTTTTrrrn
Mutation identification Confirm mutation
in pools of samples in individual plant
MTA-ATK 2019. szeptember 26.
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TILLING

A 1R700 IR800

l—) N 4-2.4/—' b pr cn sca

CyvO)

JPCR

5 amplicon
W e—— -
B . B -

lDenaturing & re-annealing

C - .l ® . ;
T/ s 5 heteroduplexes
a/MNa
TN
Cel-I
heteroduplex digest
D =

il

/]

*

IR700 \ / IR800

full size complementary sizes

a modszer

Figure 1. Cel-l-based Tilling strategy. We prepared a genomic DNA
library from the mutagenized b pr cn sca/CyO, hb-lacZ fly lines and per-
formed a three-step (1,2,3) nested PCR reaction (A) for a particular gene
of interest. The third PCR reactions included the IRDye700 (red) and
IRDye800 (blue) fluorophores bound to the forward and reverse primers,
thereby differentially labeling the two ends of the amplicons (B). Then we
denatured and reannealed the fragments to generate balancer/mutant
heteroduplexes (C) that were digested by Cel-l (D). When a 5NP is pres-
ent, cleavage of the heteroduplexes generates two fragments labeled by
IRDye700 and IRDye800, respectively, which can be detected upon de-
naturing pelyacrylamide gel electrophoresis in a LI-COR setup. A typical
LI-COR signal shows two fragments with complementary sizes that must
sum up the original amplicon size. Subsequently, we sequenced the PCR
products to confirm the molecular lesions (see Methods).

 Winkler és mtsai.
Genome Research,
2005

MTA-ATK
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TILLING — a modszer

LI-COR 4300 DNA Analyzer

Agricultural Institute

Centre for Agricultural Research
Hungarian Academy of Sciences




Plant Biotechnology Journal (2017) 15, pp. 367-378 doi: 10.1111/pbi. 12631

mlo-based powdery mildew resistance in hexaploid bread
wheat generated by a non-transgenic TILLING approach

Johanna Acevedo-Garcia®, David Spencer’, Hannah Thieron', Anja Reinstadler’, Kim Hammond-Kosack?,
Andrew L. Phillips? and Ralph Panstruga'*

'Unit of Plant Molecular Cell Biclogy, Institute for Biclogy |, RWTH Aachen University, Aachen, Germany
?Department of Plant Biology and Crop Science, Rothamsted Research, West Common, Harpenden, Hertfordshire, ALS 2/Q, UK

Received 11 June 2016; Summary
revised 12 August 2016; Wheat is one of the most widely grown cereal crops in the world and is an important foed grain
accepted 24 August 2016. source for humans. However, wheat yields can be reduced by many abiotic and biotic stress

*Correspondence (Tel +49 241 8026655;
fax +49 241 8022637, email:
panstruga@hiol.rwih-aachen.de)

factors, including powdery mildew disease caused by Blumenia graminis f.sp. tritici (Bgt).
Generating resistant varieties is thus a major effort in plant breeding. Here, we took advantage
of the non-transgenic Targeting Induced Lesions IN Genomes (TILLING) technology to select
partial loss-of-function alleles of TaMlo, the orthelogue of the barley Mio (Mildew resistance
locus o) gene. Natural and induced loss-of-function alleles (mlo) of barley Mlo are known to
confer durable broad-spectrum powdery mildew resistance, typically at the expense of
pleiotropic phenotypes such as premature leaf senescence. We identified 16 missense mutations
in the three wheat TaMlo homoeologues, TaMlo-A1, TaMlo-B1 and TaMlo-D1 that each lead to
single amino acid exchanges. Using transient gene expression assays in barley single cells, we
functionally analysed the different missense mutants and identified the most promising
candidates affecting powdery mildew susceptibility. By stacking of selected mutant alleles we
generated four independent lines with non-conservative mutations in each of the three TaMio
homoeoclogues. Homozygous triple mutant lines and surprisingly also some of the homozygous
double mutant lines showed enhanced, yet incomplete, Bgt resistance without the occurrence of
Mio, hexaploid bread wheat, Blumeria  discemible pleiotropic phenotypes. These lines thus represent an important step towards the
graminis, plant disease resistance. production of commercial non-transgenic, powdery mildew-resistant bread wheat vaneties

Keywords: Targeting Induced Local
Lesions in Genomes, powdery mildew,
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Forward genetikai modszerek

 DNS-alapu modszerek
— Genetikai térképezés

— Random mutagenezis (TILLING, EcoTILLING,
T-DNS inszercio)

— Teljes genom szekvenalas

« Génexpresszios mintazatok elemzeése
— cDNS-konyvtar készitese
— Microarray
— Transzkriptom szekvenalas
— Proteom elemzése
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Genom projektek

Arabidopsis (Nature, 2000)
Rizs (Nature, 2005)
Populus trichocarpa (Tuskan és mtsai. Science 2006)

Burgonya (Phureja fajtacsoport)
— Nature, 2011

Arpa genom (Morex fajta)
— Mayer és mtsai. Nature 2012

Buza genom (Chinese spring)
— Brenchley és mtsai. Nature 2012
— Annotalva: Appels és mtsai. Science 2018

Uj generacios szekvenalasi modszerek

— Jelenleg az lllumina cég ~1000 $-ért szekvenal egy haploid human
genomot (3,5 Gb)

2019. szeptember 26.
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Sanger-szekvenalas (1977)

« Elotte alt. vektorba klonozas szukseges

« Kb. az 50.-t6l az 1000. nukleotidig olvashato

« Szekvencia a reakcio lezajlasa utan

« Uj primer tervezés, chromosome walking

« Vagy tordelées, klonozas ,shotgun sequencing”

« Genom-szekvenalasokra 2005 elott

* Uj modszerekhez hasonitva nagyon lassu es draga

1 Reaction mixture
O O O * Primer and DNA termplate = DNA polymerase
= ddNTP& with flourochromes » dMTPs (dATP, dCTP, dGTP, and dTTP)
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Uj generacios DNS-szekvenalasok

Parhuzamosan sok, akar
millio minta szekvenalasa
(HTP: high-throughput
vagy massively paralel
sequencing)

Vektorba klonozas nincs,
homogen templat
megoldasa: fragmentalas,
emulziés PCR

Szekvencia valds idoben
(reakcio kozben)

Sanger sequencing

. DNA fragmentation
s = =+ =
<
O — — e
- = =

in vivo cloning and amplification

/ Cycle sequencing
Y. . GACTAGATAOGAGCGTGA -6  (template)

5-.. CTGAT (pr
. CTGATC” o

CTGATCT ),'
CTGATCTAY &
CTGATCTAT ’/‘.

CTGATCTATG

CTGATCTATGC 7,
Polymerase CTGATCTATGCY 7
dNTPs CTGATCTATGCTC ~

Labeled ddNTPs CTGATCTATGCTCG ,

Electrophorsesis
(1 read/capillary)

Next-generation sequencing

DNA fragmentation
= = =

¢F—» HE — =

In vitro adaptor ligation

yoke )
=] A . :
-, —P I} I\ =
- i /
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Uj generacios DNS-szekvenalasok

» Piroszekvenalas (automatizalva: 2005,
454 Lifesciences)

Emulziés PCR, a cseppek bejuttatasa

szaloptikas lemez nanomélyedéseibe  ©Na.wante —E2=s Nop NP+ phosphate
fragmentalas, adaptor ligalasa, primer
csatalkozas, egyszerre egyfele dNTP =

adasa (dATP helyett dATPaS — nem Tewery 7>
luciferaz szubsztrat), ha beépul APS+PPI ATP i
pirofoszfat (PPi) hasad le, ebbdl és a | P ——
adenozin-5 foszfoszulfatbol (APS) az | s
ATP szulfurilaz ATP-t gyart, ha van A e Locorase
a luciferaz fényfelvillanassal reagal, Moot ry \‘/7 =
maradék lAT!?(Iestc!NTl?t ell bontasa apira e N.:I;)f‘io ‘mﬁm "
enzimme y CIKIUStT ISmetelni dNTP-e}dNDP+dNMP+phosphate seen as a peak in the pyrogram

+ lllumina/Solexa szekvenalas oG 10p - prsorae

Chip-en, felszaporitani az egyes
darbokat, majd szintezis kozben,
reverzibilis terminatorokkal kovetni
minden egyes bazis beépulését

 SOLID (Sequencing by Oligonucleotid
Ligation and Detection)

Ligalas alapjan 2019. szeptember 26.
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Uj generacios DNS-szekvenalasi
modszerek alkalmazasai, korlatai

Fragmentalas, tordelés, ismetléesek—

Buzanal vagy mas poliploid genomnal
gyakran kromoszoma-szetvalogatas
szukseges

— Dolezel és mtsai. Biotechnology Advances
2014

Mas nbvénxnél e nelkul is mukodik, teljes
genom szekvenalas elérhetd atlag labor
szamara is

Elérhetd még

— 'IIZ'{)anszkriptom szekvenalas (néhany 100 e

— Microarray (néhany 10 e Ft)

Moricz Zsigmond: A
torok és a tehenek

Volt egy torok, Mehemed,
sose latott tehenet.

Nem is tudta Mehemed,
milyenek a tehenek.

Egyszer aztan Mehemed,
lat egy csomo tehenet.
En vagyok a Mehemed!
Mi vagyunk a tehenek!

Csudalkozik Mehemed,
ilyenek a tehenek?
Szamlalgatja Mehemed,
hany félék a tehenek.

Meg is szamol Mehemed
harom féle tehenet:
Fehéret, feketét, tarkat,
meg ne fogd a tehén farkat!

Nem tudta ezt Mehemed,
s felrugtak a tehenek!

2019. szeptember 26.
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Chromosome suspension

Sheath fluid
Fluorescence
detector
Flow chamber ‘

L ]
L
-y
o L ]

L ] \

Drop charging
Light source & signal

Forward scatter
detector

Deflection plates

. Charged droplet

Collection tube

=

—
/‘;' 1‘.\
7 N

)
k| )
3 8

o>

ST

Sorted chromosomes

Waste

Dolezel és mtsai. Biotechnology Advances 2014

Fig. 2. The mechanics of flow-sorting. Chromosomes
held in liquid suspension are stained by a
fluorochrome and passed into a flow chamber
containing sheath fluid. The geometry of the
chamber forces the chromosome suspension into a
narrow stream in which the chromosomes become
aligned in a single file, and so are able to interact
individually with an orthogonally directed laser
beam(s). Pulses of scattered light and emitted
fluorescence are detected and converted to electric
pulses. If the chromosome of interest differs in
fluorescence intensity from other chromosomes, it is
identified and sorted. The sorting is achieved by
breaking the stream into droplets and by electrically
charging droplets carrying chromosomes of interest.
The droplets are deflected during passage through
electrostatic field between defection plates and
collected in suitable containers.
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Forward genetikai modszerek

 DNS-alapu modszerek
— Genetikai térképezeés
— Teljes genom szekvenalas

« Génexpresszios mintazatok elemzese
— cDNS-konyvtar készitéese
— Microarray
— Transzkriptom szekvenalas
— Proteom elemzese

MTA ATK 2019. szeptember 26.
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cDNS-konyvtar készitese

mMA

« mMRNS atirasa cDNS-¢é oligodT- : g
vel (reverz transzknptaz) FIRST STRAND swmm{ Reverse transcriptase + 4dNTPS
, , Yy 5 mANA AMAA T
« C-k rarakasa az egyszalu cDNS YW s
3’ végere (terminalis ] Terminal ransforase +CTP
dezoxiribonukleozid-transzferaz,
Td T) & Ll AAAA CCC 3
3 CCcC T TTT 5
. Ll]g,OS k’eze|és vagy RNazH : lTreatMth alkali ta destroy ANA
emesztes
3" CCcc =ONA TTTT S
. O||godG primer Csatlako’zésa’ SECOND STRAND EYNTHESrSloIigﬂ-dG. Reverse transcriptase +4 dNTPs
komplementer DNS-szal .
szintézise (DNS-polimeraz) ¥ ccce TTTT 5 duplex cONA
» Vektorba klonozas, E. coli l
transzformacio priped fecis

Konyvtar készitése helyett PCR-ezni is lehet a cDNS-en rokon szekvenciara
tervezett primerekkel, majd klonozni és szekvenalni a PCR-terméket.

M TA . AT K 2019. szeptember 26.
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Kontrol prébak:
PCR-el
amplifikaljak
CDNS-konyvtar
alapjan

Microarray |.

Control Sample Experimental Sample
( i). \'/i i\
- Q. -
l mRNA extraction ‘
E Reverse Transcription, o
flourescent labeling
AN FAV VAV AV
ANANNS AANNS
" Combine equal amounts et
\ and hybridize /

Scan
=

MTA-ATK
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#ID_REF = Affymetrix probe set ID
#VALUE = GCOS-calculated signal intensity
= #ABS_CALL = the call in an absolute
I\/I I C rO ar ra I I analysis that indicates if the transcript was
®  present (P), absent (A), marginal (M), or no
call (NC)

#DETECTION P-VALUE = 'detection p-
value', p-value that indicates the significance
level of the detection call

ID_REF
AFFX-BioB-5_at
AFFX-BioB-M_at
AFFX-BioB-3_at
AFFX-BioC-5_at
AFFX-BioC-3_at
AFFX-BioDn-5_at
AFFX-BioDn-3_at
AFFX-CreX-5_at
AFFX-CreX-3 at
AFFX-DapX-5_at
AFFX-DapX-M_at
AFFX-DapX-3_at
AFFX-LysX-5 at
AFFX-LysX-M_at

ABS_CA
VALUE LL DETECTION P-VALUE
563P 0,00039
690P 0,000081
515,4P 0,00011
1872,1P 0,00006
2116,2P 0,000052
3951,1P 0,000052
9589,7P 0,000052
24038,8P 0,000052
33964,2P 0,000044
863,1P 0,000044
1811,3P 0,000169
2316,1P 0,000081
155,1P 0,000127
259,4M 0,050229
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Kaur és mtsai.
Frontiers in
Plant Science
2015

Késdbbi
munkak alapja

Microarray-nél
validalas
szukséges
(QPCR)
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Analysis of global gene expression
profile of rice in response to
methylglyoxal indicates its possible
role as a stress signal molecule

Charanpreet Kaur’, Hemant R. Kushwaha®, Ananda Mustafiz'', Ashwani Pareek”,
Sudhir K. Sopory’ and Sneh L. Singla-Pareek "

' Plant Molacwiar Biology Group, temationa’ Centre for Genelic Engineeniyg and Biotachmology, New Dedh, ndia, < Syrthetc
Biology and Biofuals Group, Infermational Cantre for Genetic Engineenvag and Biotechnalogy, New Dathi, indka, “ Stress
Plysiology and Malecular Bicfogy Labovatory, Schoaf of Life Sclences, Jawahardal Nehrw University, New Deth, (ndla

Methylglyoxal (MG) is a toxic metabolite produced primarily as a byproduct of glycolysis.
Being a potent glycating agent, it can readily bind macromolecules like DNA, RNA, or
proteins, modulating their expression and activity. In plants, despite the known inhibitory
effects of MG on growth and development, still limited information is available about the
molecular mechanisms and response pathways elicited upon elevation in MG levels. To
gain insight into the molecular basis of MG response, we have investigated changes
in global gene expression profiles in rice upon exposure to exogenous MG using
GeneChip microarrays. Initially, growth of rice seedlings was monitored in response to
increasing MG concentrations which could retard plant growth in a dose-dependent
manner. Upon exposure to 10 mM concentration of MG, a total of 1685 probe sets were
up- or down-regulated by more than 1.5-fold in shoot tissues within 16h. These were
classified into 10 functional categories. The genes involved in signal transduction such
as, protein kinases and transcription factors, were significantly over-represented in the
perturbed transcriptome, of which several are known to be involved in abiotic and biotic
stress response indicating a cross-talk between MG-responsive and stress-responsive
signal transduction pathways. Through in silico studies, we could predict 7-8 bp long
conserved motif as a possible MG-responsive element (MGRE) in the 1 kb upstream
region of genes that were more than 10-fold up- or down-regulated in the analysis. Since
several perturbations were found in signaling cascades in response to MG, we hereby
suggest that it plays an important role in signal transduction probably acting as a stress
signal molecule,



study

High level tissue

RENRRRNNNNNRNNNRNRRR

High level age

Expresszios adatbazisok

https://www.arabidopsis.org/portals/expression/

Age

http://solanaceae.plantbiology.msu.edu/

http://www.plexdb.org/

http://www.wheat-expression.com/

High level stress-disea

Stress-disease

High level variety

Variety

roots, roots (n=69)
leaves/shoots, shoots (n=62)
spike, spikelet (n=60)

grain, whole endosperm (n=8)

grain, transfer cells (n=4)
grain, aleurone layer (n=12)
grain, aleu_endo (n=4)

rain, sta_endosp (n=14)
eaves/shoots, flag leaf (n=7)
leaves/shoots, leaves (n=42)
leaves/shoots, 2nd leaf (n=8)
grain, grain (n=96)
grain, endo+coat (n=3)
grain, seed coat (n=6)
spike, pistil (n=1)
spike, pist_sta (n=1)
spike, stamen (n=1)
spike, Sl;ike (n=12)
leaves/shoots, seedling (n=2)
leaves/shoots, stem (n=6)

Traes 7DS 47B5A7FFF.1

10
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http://www.wheat-expression.com/

Forward genetikai modszerek

 DNS-alapu modszerek
— Genetikai térképezeés
— Teljes genom szekvenalas

« Génexpresszios mintazatok elemzese
— cDNS-konyvtar készitéese
— Microarray
— Transzkriptom szekvenalas
— Proteom elemzese
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Feherjekereseés, kivalasztas

Cél: egy rjé\(é,rll%/fa' vagy szovet vagy sejtkompartment egy
tulajdonsagaert felelds fehérje izolalasa

Pl. novenyi szovet 0ssz. enzimaktivitasa is ertelmezheto, keressuk a
felel6s enzimet. Mérés: NADPH koenzim fogyasara 340 nm-en

— PI. 1 mg tok levél nyers fehérjekivonat 35 nmol akrolein-t redukal 1 ﬁ_e[c
alatt NADPH-val. (35 nmol/perc/mg fehérje enzimaktivitas: Yamauchi és
mtsai. J. Biol Chem 2011)

Kinyerés: 0ssz. vagy kompartment, nativ vagy denaturalo
korulmenyek
— Megfelel6 puffer (alt semleges kozeli vagy enyhén lugos)

NH,

N
¢ \)"' —— NADP' A
Z SR " - 8]
N n NADPH a p-Unsaturated bond saturation - 50
\ /\/ (DNPH postive)
NADPH + H™ S
/ 0 o Propionaldehyde
ki
k. /\/ . .
\ l I‘VO Acrolein --h__""---.h__ o OH; TR -
W ﬁH (DNPH posiive) MADPH + H® /\\\"/ o (DNPH negative)
— Aldahyde reduction PPy
\ Allyl alcohol

350 0 2019. szeptember 26.
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Feltaras
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Feherjetisztitas

Cél: a feherjekeverékben a kivant fehérje aranyanak novelése
(pl. néhany ezrelékrdl kozel 100%-ra)

Nukleinsavak: egységes negativ toltés, szilika oszlopon
altalanosan tisztithatok

— Felszaporitasi modszer is van: PCR, nyomnyi mennyisegek
Kimutatasa is lehetséges

Fehérjek: valtozatos toltes, vagy akar apolarisak, nincs
egységes tisztitasi modszer, altalaban tobb lepcso

— Nincs felszaporito médszer, nagy mennyisegbdl kell kiindulni,
hogy a vegere is maradjon

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5368116/

M TA 9 AT K 2019. szeptember 26.
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Feherjetisztito modszerek

* Preparativ modszerek: nagy mennyiség (mg), tovabbi
felnasznalasra
— Kisozas (amménium-szulfét?, vagy kicsapas PEG-el,
szerves oldoszerekkel, isoelectric precipitation

— FPLC (ioncserérés kromatografia, affinitas kr., reverz
fazisu interakcios kr., gelszirés)

« Analitikai modszerek: kis mennyiség ipg)
azonositasra, kimutatasra, kristalyositasra
— Western blot
— immunoprecipitacio
— HPLC
— 1D gél
— 2D gél

M TA . AT K 2019. szeptember 26.
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Kromatografia

Eqgy elegy szétvalasztasa komponensekre allé és mozgo fazis
_seglts,e?,ev,el._ A keverek tagjainak kulonbozo6 oldekonysaga
ill. az allo fazishoz valo kotdodese alapjan.

— Mozg¢ fazis: fehérjeknél alt. folyadek

— Allo fazis: fehérjéknél alt. oszlop

Tobbféle oszloptoltet (agardz, szilika, celluldz), rajtuk ligandok
Elucio: izokratikus, lepcsos, vagy gradiens

Detekcio: pl. UV, vezetOkepesseg

Csucs azonositasa standardok és retencios id6 alapjan, vagy
leszedjuk es megifu,ttatjuk gelen, elkuldjuk
tomegspektrometriara, N-terminalis székvenalasra

M TA 9 AT K 2019. szeptember 26.
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Kromatografia

£
£
3
®
3
23
z "'. )
g SEE i\ 40
200 1 2 'l <
2 3 l
< \ R
| [ 20
100 1 |
Ik
0 + ; - —L. 0
0 30 1:00 1:30
Time (minutes)

lon Exchange Chromatography Workflow, Bio-Rad.
Kék: elualodé fehérjék
Piros: sékoncentracio
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FPLC

« Fast protein liquid

chromatography T |
« Komplex, nyers mintak pump[j

elvalasztasara is, de alt tobb

leépés kell a tisztasaghoz

Sample loop injection valve
column
waste
UV monitor -

fraction collector
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Kromatografias oszloptoltetek

* loncserés (IEX)

— i&lt. a fehérjetisztitas elején, a mintanak alacsony sotartaimunak kell
ennie

— Elvalasztas: toltés alapjan, izoelektromos pont: az a pH, ahola
fehéerjének nincs toltése. E folott negativ (poz. toltésd anioncsereld
oszlopon kotédik, pl. DEAE: diaming etil), ez alatt pozitiv (neg. toltési
kationcserél6 oszlopon kotédik, pl. CM: karboximetil).

Elucio: sokoncentracio novelésével vagy pH-valtoztatasal

. (RHel\é:e)rﬁ fazisu (RP)/ Hidrofob interakcion alapuld interakcion alapuld
r.

— All6 fazis: pl. 18 C-tomos CH lancok szilika tdltethez kotve

— Leggyakrabban a fehérjetisztitas kesGbbi Iépéseében, ioncsereés kr. utan,
oka: magas sokoncentracio kell hozza az oldészerben

— Lehet az elején, kisézas utan is

— Altalaban savas pH-n végzik (a szilika toltet stabilitasa koveteli meg).
Sav pl. Hexanszulfonsav vagy trifluoroecetsav (TFA)

— Savas pH-n a karbonsav oldallancok toltés nekuliek. A fenti savak
apolaris farka is seqiti a fehérjék megkotését az oszlopon

— Elucio: izokratikus elucié vagy gradiens a sékoncentracio o
csOkkentésével, vagy szerves anyaggal (pl. etanol, metanol, acetonitril)

M TA 9 AT K 2019. szeptember 26.
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Kromatografias oszloptoltetek

Gélszlres, kizarasos kromatografia (SEC)
— Alt. a fehérjetisztitas végen
— EIOGny: méret alapjan torténik — lehet kovetkeztetni a meretre,

szinte barmilyen oldat hasznalhato. Ugyanazon fehérje elvalik az
aggregatumatol

— Hatrany: gyakran széles, atfedd csucsok, nem tul érzékeny

« Affinitas-kromatografia

— Alapja specifikus kolcsonhatas (antigén-antitest, enzim-
szubsztrat, receptor-ligand)

— Alcé_hfehérje specifikus tisztitasa antitesttel, vagy a funkcidja
alapja
— Elucio: pH valtoztatassal, soval, vagy szabad szubsztrattal

— Hatekony modszer, egylepéses tisztitas is lehetseges, ha kell
tobblépés akkor az elején legyen az affinitas kromatografia

— Elvileg PL egy enzim szubsztratja kikothetd a?aréz_gybngyt')kre

és segitsegevel a megfeleld enzim kitisztithato a novényi
Kivonatbol

M TA . AT K 2019. szeptember 26.
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Preparativ tisztitas, példa
Akrolein-redukald enzim tisztitasa tok levelekbdl

* Yamauchi és mtsai. J Biol
Chem 2011

« Kis6zas—

* Visszaoldas—
 Dializis—

* loncserés kr.—

* |loncserés kr.—

» Hidroféb interakcion alapuld
kr.—

« Toményites (30 kDa Millipore
sz(r6)—
+ Gélszirés—

MTA-ATK

Mezégazdasagi Intézet

Purification of Acrolein-reducing Enzyme—Cucumber
leaves (100 g) were frozen with liguid nitrogen, and then pro-
teins were extracted with 5 volumes of 50 mm HEPES-NaOH,
pH 7.0, containing 1 mMm dithiothreitol (DTT) and 0.1 mm
EDTA. After centrifugation at 10,000 < g for 20 min, the su-
pernatant was fractionated by the addition of solid ammuo-
nium sulfate. Proteins precipitating between 35 and 55% am-
monium sulfate saturation were dissolved in a minimum
volume of 50 mM HEPES-NaOH, pH 7.0, containing 1 mMm
DTT (buffer A) and then dialyzed against buffer A. The dialy-
sate was applied to a DE52 column (3.5 < 27 cm, Whatman)
equilibrated with buffer A. After washing with buffer A (500
ml), activity was eluted with buffer A containing 110 mm
NaCl (1000 ml). Active fractions were combined and dialvzed
against 10 mM sodium phosphate buffer (Na-PB, pH 6.8) con-
taining 1 mM DTT. The dialysate was applied to a hydroxyap-
atite column (1.5 % 8 cm, Wako Pure Chemical) and eluted
by a linear gradient of 0 to 0.2 M Na-PB (pH 6.8, total 200 ml).
After an equal volume of 60% ammonium sulfate saturated in
50 mm K-PB, pH 7.0, containing 1 mm 2-mercaptoethanol was
added to the active fraction, the solution was applied to a phe-
nyl-Sepharose column (1.5 ¢ 8 cm, GE Healthcare) equili-
brated with 30% ammonium sulfate saturated in 50 mMm K-PB,
pH 7.0, containing 1 mM 2-mercaptoethanol and then eluted
with a linear gradient of 30 to 0% ammonium sulfate (total
100 ml). Active fractions were concentrated with Micro-
con-30 (Millipore, Billerica, MA), then applied to a Superose
12 PC 3.2/30 column (0.32 * 30 cm, SMART system, GE
Healthcare) equilibrated with buffer A, and eluted at a flow
rate of 40 pl/min. All purification steps were done between 0
and 4 °C. Protein concentration was determined according to
the method of Lowry et al. (14) with bovine serum albumin as
the standard.



Preparativ tisztitas, példa
Akrolein-redukald enzim tisztitasa tok levelekbdl

A -
0.04 E 3
(kDa) g (kDa)
003 67423017 E 16 |- TABLE 1
2 I’ ‘ J‘ | ﬂ e % 8= Summary of purification of acrolein-reducing enzyme (from 100 g of
9 o.02 | s cucumber leaves)
02 - i =10 © i
P ® 35 |— Taotal Specific
{d 5 Protein  activity ctivity Yield Purification
0.01 |- | —5 E
Aﬂj (N i 25 |am mg proldmin pmol/minmg % -fold
a | ! 0 = Crude extract 4160 58.0 0.014 100 1
o 20 40 80 gy = 18 j— 35—_55%{NH.1}3504 485 49.6 0.102 855 729
Elution time (min) DES2 . 173 29.9 0. 1?.‘3 tle 12.3
Hydroxyapatite 30 16.7 0.558 288 398
FIGURE 2. Molecular weight of the purified acrolein-reducing enzyme. Phenyl-Sepharose 12 13.4 112 231 800
A, final step in the purification of the acrolein-reducing enzyme by means of Superosel? 0.12 ?'2 &0.0 12.4 4980

gel filtration. Horizontal bar indicates the peak level of acrolein-reducing

activity. Arrows indicate elution time of marker proteins BSA (67 kDa),
ovalbumin (42 kDa), trypsin (30 kDa), and lysczyme (17 kDa). B, SDS-PAGE
profile of the purified enzyme (1 pg). Proteins were stained with Coomassie
Brilliant Blue R-250.
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Analitikal modszerek - HPLC

« High performance/pressure liquid chromatography

— 3-10 um részecskeméret, tobb 100 bar nyomas, aramlasi sebesség max 1 ml/perc
(FPLC: 10-80 uM, 4-5 bar, 1-5 ml/perc)

— Nyomasallo toltet, alt szilikagél

« Fehérje méresre, azonositasra valo, nagy mennyisegl fehérjetisztitasra
nem alkalmas. Foleg peptidek, kis fehérjék elvalasztasara (10 kDa-ig)

« ElGzetesen épl,., FPLC- vel) tisztitott minta kell hozza. Nem lehet darab,
reszecske. Szurni is kell pl. 45 pm atmeroji szurdvel.

» Avreverz fazisu HPLC kozel egyeduralkodé a fehérje elvalasztasban

« Az oldészerbe altalaban kis mennyisegt (pl. 0,1%) trifluoroecetsavat (TFA)
kevernek (ion-pairing agent) polaris €s apolarisabb része is van kot a
polaris fehérjéhez és az apolaris oszlophoz

» Elucio: acetonitril gradiens

M TA . AT K 2019. szeptember 26.
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Components of the HPLC instrument

* There are 9 main components within the HPLC instrument

Solvent reservoir
Degasser

Mixing chamber
Pump

Injector

Column

Detector
Computer
Waste

W e bl T s W b S
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Reversed-phase HPLC has found a central role i protein studies because of its
versatility, sensitive detection and its ability to work together with techniques such as
mass spectrometry. Most of all, however, reversed-phase HPLC 1s widely used
because of its ability to separate proteins of nearly identical structure. As illustrated
by the separation of bovine, human and porcine insulin variants (Figure 1), reversed-
phase HPLC 1s able to separate very similar proteins. Bovine and human msulin
differ by only three amino acids and are well separated. Bovine insulin has an
alanine at residue 8 and a valine at residue 10 on the msulin ‘a’ chain and an alanine
at residue 30 of the ‘b’ chain. Human insulin has a threonine at residue 8 and an
1soleucine at residue 10 on the ‘a’ chain and a threonine at residue 30 of the ‘b’

A Guide to
the Analysis
and
Purification
of

Proteins
and
Peptides by
Reversed-
Phase HPLC
(Ace)

Figure 1 Separation of
closely related insulin UV absorbance Human
variants by RP-HPLC 215 nm ' Insulin
Conditions IIBHZVL::?: I
Column: ACE 5 C18,
4.6 x 250mm |
Eluent: 29.3 - 31.7% ACN in Porcine
0.1% TFA over 16 min at 1.0 1 Insulin
mL/min I |
Sample: bovine, human and |
porcine insulin

UV

8 10 12 14 16 18
Minutes
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HPLC pelda

Zottich és mtsai. Biophysica et
Biophysica Acta 2011

E%y, 9 kDa-o0s antimikrobialis
fehérjét tisztitottak Robusta
kavebdl. Gatolja a Candida
albicans gombat

Kis6zas—
Visszaoldas—
Dializis—

loncserés kr.—

Dializis—
HPLC—

MTA-ATK

Mezégazdasagi Intézet

2.3. Purification of Cc-LTP;

The purification of peptides from coffee seeds was performed as
described bv [71 with some modifications. Peptides from seed flour
(100 g) were extracted for 2 h (at 4 °C) with 500 mL of extraction
buffer (0.1 M Tris-HCI pH 8.0, 1 mM phenylmethanesulfonyl fluoride
(PMSF)). The precipitate formed between 0 and 90% relative
ammonium sulfate saturation was re-dissolved in distilled water
and heated at 80 °C for 15 min. The resulting suspension was clarified
by centrifugation, and the supernatant was extensively dialyzed
against distilled water. The dialyzed solution was recovered by freeze
drying (F/0-90) and was further purified by ion exchange chroma-
tography. A DEAE-Sepharose column (1.2x14.6 cm) equilibrated
with 50 mM Tris-HCl (pH 8.0) was employed for separation of
proteins from the F/0-90 fraction. We eluted at a flow rate of 60 ml/h,
first with the equilibrium buffer to obtain fraction P1, and then with
1 M NaCl in equilibrium buffer to obtain bound proteins (P2). The P1
fraction was dialyzed against distilled water, recovered by freeze
drying (Frezone 4.5, Labconco) and diluted in 0.1% (v/v) trifluoracetic
acid (TFA, Fluka) and injected onto an HPLC (Prominence, Shimadzu)
Vydac C18 reverse phase column (250 x 4.6 mm, Shimadzu) (attached
to a C8 pre-column (20x4.6 mm, Pelliguard, Sigma-Aldrich). The
solvent flow rate was 0.5 ml/min and the solvent progressed from
100% solvent A (0.1% TFA in water) for 10 min, O to 50% solvent B
(100% 2-propanol (Merck) containing 0.1% TFA) for 50 min, 50%
solvent B for five min and finally returned to 0% of solvent B for
10 min. Elution of proteins was monitored by on-line measurement of
the absorbance at 220 and 280 nm.

Protein content was determined as described by Bradford [22].

LULY. dLcplelliver 0.
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HPLC pelda

A 1.80
. 2 E 160
P1 frakcio IEX S 140 -
FPLC: bazikus, g 1,00
. ST £ 0801
antifungalis £ 060
kt t , § 0.40
ativitas <poleiree |
0 5 10 15 20 25 30 35 40
Tubes
B nau Max Intensity : 4,000,000 %
A f" ] :Ogg 220nm,4nm (1.00) 1 Ce-LTP, B.Conc‘(MeIhod)-go
O csucs az 500 s
3000
antimikrobialis 2500 70
peptid. 56, 2o
Azonositas: N- 1000 N o
terminalis o] 20
szekvenalas St o
0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0 45.0 50.0 55.0 min0

Fig. 1. Purification of Cc-LTP, from coffee seeds. (A) Partial purification of the antifungal peptide from C. canephora seeds by anion-exchange DEAE-Sepharose chromatography. The
column was equilibrated and the sample was initially eluted with 50 mM Tris-HCI pH 8.0 followed by the same buffer containing 1 M NaCl at 60 ml/h. (B) RP-HPLC chromatography.
The DEAE-Sepharose fraction (P1) was applied to a C18 reverse-phase column and run in a Shimadzu apparatus. Elution was carried out as described in Section 2.3. The oblique line
represents the propanol gradient and the other line represents the protein elution profile at 220 nm.
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Poliakrilamid gelelektroforezis (PAGE)

« Geél: akrilamid és N,N’-metilénbiszakrilamid
polimerje

« Kis mennyisegu (alt. 20 pg) fehérje elvalasztasara

» Festés: klasszikus Coomassie (R-250, 100 ng
lathato), kolloidalis Coomassie: G-250 10 ng
fehérje lathatd

« Ezust festés: akar 1 ng is lathato

 MS-re lehetoleg erdemes min. 10 ng-ot kuldeni

M TA . AT K 2019. szeptember 26.
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Nativ PAGE

r n ’ A No. days
* A fehérje meérete, S ERTEETIT |
alakja és toltése is mso>  pace
befolyasolja az |} S8 NBT festés
elvalasztast .
’ , - - SDS PAGE
* Nativ, aktiv feherjek ¢ auciznsoo majd
T Western
. ‘ blot
e Enzimaktivitas SOD izoenzimek borsé
. p ’ gyokerekben. Morales és mtsai.
vizsgalhato J Exp Bot 2013

M TA . AT K 2019. szeptember 26.
Mez6gazdasagi Intézet Eva Csaba



Blue nativ PAGE

* Blue nativ Ipage:
feherjekoplexek (pl.
elektrontranszportlanc
tagjai egyutt izolalhato

« Gyenge detergens, pl.
T%-l 0 J P

 Coomassie G-250 a
katod pufferben: negativ
toltést ad a fehérjéknek

« https://www.ncbi.nim.nih.

8OV/ mc/articles/PMC13
8860/

PSI-NDH megacomplex

PSII-LHCII supercomplexes

PSII dimer, PSI dimer, ATP synthase

PSIl monomer, cytochrome b.f
LHCII assembly

LHCII trimer

O N
3 R
(®) QO
& & & &
' = —
— -
)

Blue native PAGE Coomassie blue stain

« | =669

- 440

-232

=140

MTA:-ATK

2019. szeptember 26.
Eva Csaba



2D-gélelfo

 Blue-nativ PAGE &4
majd SDS PAGE &

* https://www.ncbi.
nim.nih.gov/pmc/ ——
articles/PMC130 1

®) O
0

o

By

Ji}
:

(@)

o uopundes

©

SDS-PAGE p——

1% SDS/ H
| 1 % B-Mercaptocthanol
MTA'ATK 2019. szeptember 26.
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SDS-PAGE

+ Elvalasztas tisztan meret
a I a pJ a n | g Ladder RFP control ~ RFP Cas9 control Cas9

* Denaturacio, e ységes —
meret, alak, toltes (SDS)
— Forralas
— Utana redukaloszer!

* 10-15%-0s gel, gyakran
felsG koncentralo géllel ~

(6%0) r |

« Sav intenzitasa:
Phoretix, GelAnalyzer
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Ag 4072 - 11-12 2-4-3
v e

Buzafajtak glutenin
Sad alegység profiljai

Liu és mtsai. BMC
Evol Biol 2007

Branlard és

HMW-GS mtsai. Genetic
Resources
and Crop
Evolution
2003

> LMW-GS

1 2 3 4 5 6 7 8 9 10 M1 12 13 14 15

Figure 1. SDS-PAGE separation of the glutenin subunits found in some bread wheat varieties. 1- “Nisu’: 2- *Brimstone’: 3- *Gabo’; 4- ‘Radja’: 2019. Szeptem ber 26.
5- *Copain’: 6- “Courtot’; 7- “Salmone’: 8- *Chinese Spring’: 9- *Clément’; 10- *Arche’; 11- *Albatros’: 12- ‘Democrat’; 13- ‘Rempart’; 14- Eva Csaba
‘Chopin’; 15- ‘Orca’



Tipikus 2D: IEF majd SDS
PAGE

* |zoelektromos fokuszalas
— pH gradiens a gélben
— A fehérjék az izoelektromos pontjuknak megfeleléen allnak be
— Ureaval biztositjak, hogy a fehérje oldatban maradjon

 Modszer
— Fehérje lecsapasa acetonnal overnight
— Centri, mosas acetonnal
— Beszaritani

— Rehidratalni (8 M urea, 2% CHAPS, 100 mM DTT, 0.2% karrier amfolit
and 0.1% bromfenolkék), razatas

— Oldat a valyuba, IEF striP (7 cm Immobiline DryStrips pH 3-10 (GE.
Healthcare¥) ra gellel betelé, a stripre olaj, be ne szaradjon, min. 6 ora

— Fokuszalas: strip géllel felfelé overnight: 250 V 35 p, 4000 V 2 6ra, 4000
V 15000 Vh, 100 V 16 6ra — utébbi csak helyén ta

— Utana equilibralas SDS-tartalmu pufferrel, alkilalas jodacetamiddal,
Egga a?ozzal 0sszekotni és futtatni 2. dimenzioban 12%-0s SDS
-€
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1D vs. 2D gel

Pl 3 4 5

MW,
200
150

120
100

70

50

40

30

20

15

v, 91 4
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Low Temperature Stress Modulated Secretome Analysis and
Purification of Antifreeze Protein from Hippophae rhamnoides, a
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Figure 3. 2-DE reference gels of seabuckthorn ECPs obtained from control, CA (1d), —5 °C (1d), recovery, CA (1d) followed by —5 °C, CA (5d),
and CA (5d) followed by —5 °C. LT treated seedlings. ECPs (250 ug) were resolved on 3—10 nonlinear IPG strips for the first dimension and 15%
SDS-PAGE for the second dimension. Gels were silver stained and analyzed by ImageMaster2D Platinum software (GE Healthcare ). Spots showing

a more than 2-fold change in abundance due to LT treatments (p < 0.05) are marked by the arrows.
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Figure 4. Magnified sections of 2-DE gels of the seabuckthorn shoot secretome showing differential abundance of the proteins after LT stress in a
dose dependent manner. Spot numbers in the boxes refer to the spots corresponding to Figure 3.




Table 1. ldentification of the Spots That Showed >2-Fold Induction after Freezing Stress by Nano-LC—MS/MS$

functional spot protein exp MW/
category no.” protein identified accession no. score” Mosct MWw/pl pl loc’
redox regulation 4 Lactoylglutathione lyase or Glyoxylase 1 XM_002518424.1 161 2 v 3L7/7.63 144755 NC
15 gL‘IPI:m\!idI: dismutase P13345 64 1 3 15.2/564 153/5.1 MC
& Thicredoxin EL056813.1 62 7 A 2006,/9.635 1h4/52 C
35 Alde/keto reductase AC160516.1 52 2 4 3L.1/6.15 209/53 NS
30 Putative lactoylghitathione lyase (139366 i 1 4 ILTH509 3358/58 NC
defense/stress 32 Osmaotin-like protein AFR007.1 |3 3 7 AT 268.7/54 C
related
32 Thaumatinlike protein PH3401 64 7 43 11.42/4.4 16.7/54 C
12 Chitinase KP_{HJ}.&?R% 74 2 3 3372059 13.89/55 C
18 Similar to pathogenesisrelated protein STH-2 ABZ11525.1 2 3 7 17.34/579 17.9/52 NS
7 GDSL-motif lipase/hydrolase family protein NFP_177281 a6 3 el 415/91 1191/59 MO
37 Dessication related protein AAMES 140 oy 1 A MASATT AT C
M) Fhenyldanine ammonia lyase ABRD42O4T 73 1 1 THASE 3191/54 NC
30 Late embryogenesis-like protein AALZS0GH A3 1 8 17.32/4.51 21.75/8.8 NC
signa]ing 1 Calmaedulin 1 DO 1866091 57 3 14 169/4.16 145431 MC
A5 Caldum dependent protein kinase 23 XP_(02309145 1) 1 2 . 14/5.491 42 3/8.1 NC
3 GTPase activating protein AAQS4568 1 18 H.68 /496 121735 NC
metabolism 4 C-3 sterol dehydrogenase CALSZML w0 4 1 W052/7.22 10932 NS
41 Sedoheptulose- 1, 7-bisphosphatase ACQHZELE 147 [ 8 42.53/5.90 367353 NS
a9 Putative blue light receptor CACH40 52 1 1 H1.9/8.67 NS
2 Futative phosphomannomutase BAD3ST468 4 1 3 A3.7/6.99 11.46/3.2 NC
regulation N ATP-dependent Clp protease ATP-binding PE4565 115 3 51 79/439 17.04/6.8 NS
subunit clpA homologue
11 Cysteine protease AF1M1521 0 1 11 15.6/412 1354753 NC
11 Translation-inhibitor protein ABDE2518.1 111 3 11 19.8/7.63 13.54/53 C
25 Pyrrolidone- carboxylate peptidase family protein MP_564711 44 1 6 2457508 263359 S
others 13 Thylakoid umenal 15 kDa protein, chloroplast MNFP_566030 BH 3 6 24.1/7.55 13.89/5.8 NC
{Arabidopsis thaliana)
44 Unknown protein (A rabidopsis thaliana) NFP_1914832 101 1 A 32/ TLATIA3 C
E Predicted protein (Physwml’trcﬁn patens subsp. XP_NN763519 a6 1 el 673/6.78 11/32 MO
patens)
11 Unknown ({Populus trichocarpa) ABK93605 179 &6 17 2198/8.76 1354/33F  NC
X OSILEUIZ_S:N.HJ' NP_WIW? e 1 1 161.8/4.15 161763 C
a7 Unnamed protein product (Vitis vinifera ) CEI40282 0 1 4 436/475 423/84 MNC
3] Predicted protein (Physcomitrella patens subsp. NP_(H 784896 73 4 3 4283755 1771/59 NC
patens)
9 Hypothetical protein Osl_37876 (Oryza sativa EECHM45 M 2 1 157.6/6.54 1L5/64 NS
Indica Group)
) Unknown protein 18 PRS92S 65 1 a1 L39/5.8 122259
S Hypothi:ﬁc,a] protein SORBIDRAFT KP_{HJIAI-.ﬁﬁﬁ-i? A5 1 ] 148/ 704 6788756 MC

9. szeptember 26.

“Spot no. refers to the spots labeled in Figure 3. "Protein scores are derived from ion scores as a nonprobabilistic basis for ranking
protein hits. “Number of matched peptides. dSequence coverage. “Experimental molecular weight and pl were caleulated wsing  Csgba
ImageMaster 2D Platinum software. Sputative location was predicted using SecretomeP and SignalP servers. C, dassical; NC, nonclassical; N5,




Feherje azonositasa

Az Edman-szekvenalas a tomegspektrometrias eljarasok
elterjedésével hattérbe szorult, de a mai napig hasznalatos
technika a fehérjék elsédleges szerkezetének
meghatarozasara. A modszer soran a fehérjék elektromos
térer6 hatasara a gélbdl egy PVDF membranra
vandorolnak at, majd a membranon megkdotott fehérjéket
Edman-szekvenalassal azonositjak. A kétdimenzios
poliakrilamid-gélelektroforézissel elvalasztott fehérjék
PVDF-membranra torténd blottolasa komplex biologiai
mintakbdl is lehetdvé teszi a fehérjék azonositasat és
jellemzését. Az N-terminalis szekvenalast el6szor Pehr
Edman (1950) irta le és alkalmazta. Harom Iépésbdl all: a
fehérjét el6szor fenilizotiocianattal reagaltatjak, hidrolizaljak
a modositott N-terminalis aminosavat, végul a
fenilthiohidantoin szarmazékot azonositjak. Enyhe lugos
kézegben a fenilizotiocianat reakcidba Iép a nem toltott
terminalis amino csoporttal, és egy feniltiokarbamoil
szarmazékot hoz létre. EbbdSl megfeleld korilmények kozott
lehasad a feniltiohidantoin-aminosav, ami kromatografiaval
vagy elektroforézissel azonosithatd. A modszer hatranya,
hogy a reakciét ismételve maximum 50 vagy 60 aminosav
szekvenalhatd. Tébb mint 99%-o0s pontossaggal kortlbelll
30 aminosavat lehet megszekvenalni. Az Edman-
degradalas csak 10-100 pm fehérje esetén alkalmazhaté
megfeleléen.

www .genosphere-biotech.com

N-terminal sequencing cycle:

PITC
(phenylisothiocyanate)

N=C=s

W H O R
N Protei
er \HLN*", rotein

s Ry " o

Edman Cycle

H*
Ry

HEN)\rrpm.in HPLC separation
(o] JLR 1
s 1 NH
O . e
PTH-amino acid
AZT-amino acid
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Tomegspektrometria

Protein |dentification by On-Line Nano-LC-MS/MS

Gel bands were in-gel digested for 4 h at 37 °C with
sequencing grade modified Trypsin (Promega, V5111)
after reduction with DTT (Sigma-Aldrich) and alkylation
with iodoacetamide (Sigma-Aldrich). The peptide ex-
tracts were analysed by mass spectrometry, using on-
line nano-LC-MS/MS technique on a nano-Acquity
UPLC (Waters) coupled with Orbitrap-Elite LTQ mass
spectrometer (Thermo Fisher Scientific). lon-trap CID
spectra were acquired from the ten most intense peaks
after each survey scan. Proteome Discoverer (Thermo
Fisher Scientific) was used for generating MS/MS peak
lists, and in-house Protein Prospector v5.10.17 was used
for database search against the T aestivum sequences
from the UniProtKB.2014.3.12.random.concat (30183/
53249714 entries) database. The following search param-
eters were applied for tryptic peptides: carbamidomethyl-
Cys as constant, oxidation of Met, pyro-Glu from Gln
and protein N-terminal acetylation as variable modifica-
tions. Only fully specific peptides were considered with a
maximum of one missed cleavage site. Mass tolerance
was set to 5 ppm for the survey and 0.6 Da for the
MS/MS measurements. Minimum protein and peptide
scores were 51 and 20, respectively, as acceptance
criteria. False discovery rate was calculated for each gel
band identification and found to be less than 1% in all
cases (FDR: 2 x the number of decoy peptide match /
the number of identified spectra). In the case of homol-
ogous proteins, the one with the highest protein score
and the larger sequence coverage were listed.

Eva és mtsai.
Plant Mol Biol
Rep 2019

« Tandem MS
 ion cyclotron
resonance

sample (protein)

peptide digest

g J'\ - /‘"‘\

nano-HPLC separation

tandem hybrid mass spectrometer

MS/MS spectra LC-MS spectra
= fragment ions = precursor ions

MTA-ATK
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Keét fo megkozelités

* Forward genetika — egy fenotipusert
felelés hatter (gen/genek/mutacio)
azonositasa

— Mitol szarazsagturobb a Plainsman V
buzafajta, mint a Capelle Desprez?

* Reverz genetika — az ismert gén, mutacio
funkciojat keressuk, hatasat a fenotipusra

2019. szeptember 26.
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Reverz genetika

¢« Szekvencia azonositasa
— BLAST, hasonlésag meérteke

* Feherje funkcigja
— Enzimaktivitas
— Interakcios partner keresése (DNS, feherje)
— (Génexpresszios mintazat jellemzése

* Fenotipus keresése: gen kiutese,
csendesitése, tultermeltetése

2019. szeptember 26.
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Szekvencia-osszehasonlitas

« BLAST (Basic Local Alignment Search Tool)

Score

— |dentity

E-value (legyen min 104)

* A megfelelo adatbazisban blastolni!

nttps://blast.ncbi.nim.nih.gov/Blast.cgi altalanos

ttp://www.uniprot.org/blast/ buzara jobb

nttps://solgenomics.net/tools/blast/ burgonyara

nttp://brassicadb.org/brad/ repcere

Stb.

:

MTA ATK 2019. szeptember 26.
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https://blast.ncbi.nlm.nih.gov/Blast.cgi
http://www.uniprot.org/blast/
https://solgenomics.net/tools/blast/
http://brassicadb.org/brad/

Queryld
BPPOM1
BPPOM1
BPPOM1
BPPOM1
BPPOM1
BPPOM1
BPPOM1
BPPOM1
BPPOM1
BPPOM1
BPPOMZ
BPPOM2
BPPOMZ
BPPOM2
BPPOMZ
BPPOM2
BPPOM2
BPFPOM2
BPPOM2
BPFPOM2

BPPOM2

* DNS szekvencia: 5°-3’

» Blast keresés eredménye |

BLAST

« Fasta formatum (igy sok szekvenciat
lehet blastolni)—

https://solgenomics.net/tools/blast/

Subjectld

PGSC0003DMC400032951
PGSC0003DMC400032952
PGSCO003DMC400051503
PGSC0003DMC400032949
PGSCO003DMC400051502
PGSC0003DMC400032955
PGSCO0023DMC400032961
PGSC0003DMC400032252
PGSCO003DMC400032952
PGSCO003DMC400032950
PGSC0003DMC400032953
PGSC0003DMC400032951
PGSC0003DMC400032952
PGSCO003DMC400032949
PGSC0003DMC400032949
PGSCO003DMC400051503
PGSC0003DMC400051502
PGSCO003DMC400032955
PGSCO003DMC4000329561
PGSCO003DMC400032952

PGSC0003DMC400032952

id%

96.43

84.03

§4.03

83.70

82.04

B83.71

95.58

90.21

91.59

90.91

88.77

96.85

84.65

83.82

100.00

54.02

83.62

86.16

96.46

91.601

91.89

Aln

952

952

833

828

540

224

113

143

107

83

88

a51

451

828

38

833

403

224

113

143

111

34

152

126

135

92

32

14

30

146

134

126

66

31

12

Gaps

qstart

1

1

125

125

124

276

378

337

395

188

188

1

1

124

1

124

259

275

377

336

390

gend
a52
Q52
a52
Q52
662
409
490
479
501
275
275
a51
951
951
38
951
661
498
489
478

500

sstart

253

253

371

254

376

120

444

30

182

410

410

2549

254

254

128

371

509

120

444

30

178

send

1204

1204

1201

1081

911

343

556

i72

288

495

495

1204

1204

1081

165

1201

011

343

556

172

283

evalue

0.0

0.0

e-162

e-162

6e-75

2e-47

le-45

4e-42

le-32

Be-22

2e-10

0.0

0.0

e-164

Te-13

e-162

4e-73

7e-50

4e-48

7e-47

6e-35

Score

1618

082

571

571

281

190

184

172

141

105

Q7.6

1647

728

579

75.8

571

276

198

192

188

149

Description

PGSC0003DMT400048684 Polyphenal oxidase
PGSCO003DMT400048685 Polyphenol oxidase A, chloroplastic
PGSC0003DMT400076055 Polyphenal oxidase
PGSCO003DMT400048681 Polyphenaol oxidase
PGSC0003DMT400076054 Catechol oxidase B, chloroplastic
PGSCO003DMT400048692 Polyphenaol oxidase
PGSC0003DMT400048703 Polyphenol oxidase
PGSC0003DMT400048706 Polyphenol oxidase B, chloroplastic
PGSCO003DMT400048706 Polyphenol oxidase B, chloroplastic
PGSC0003DMT400048690 Catechol oxidase B, chloroplastic
PGSCO003DMT400048686 Catechol oxidase B, chloroplastic
PGSC0003DMT400048684 Polyphenal oxidase
PGSCO003DMT400048685 Polyphenol oxidase A, chloroplastic
PGSC0003DMT400048681 Polyphenal oxidase
PGSCO003DMT400048681 Polyphenaol oxidase
PGSC0003DMT400076055 Polyphenal oxidase
PGSC0003DMT400076054 Catechol oxidase B, chloroplastic
PGSC0003DMT400048692 Polyphenol oxidase
PGSC0003DMT400048703 Polyphenaol oxidase
PGSCO003DMT400048706 Polyphenol oxidase B, chloroplastic

PGSC0003DMT400048706 Polyphenal oxidase B, chloroplastic

~BPpoMl ——S0rtores!
CCACCTCCTGATCTCTCGTCTTGTAGTATAGCCAGGATTAACGAAAATCA
GETGOTGCCGTACAGT TGT TG GCCTAAGCC TOATGATATGGAGAAAG
TTCCGTATTACAAGTTCCCTTCTATGACTAAGCTCCGTGTTCGTCAGCCT
GCTCATGAAGC TAATGAGGAGTATAT TGCCAAGTACAATCTGLCGATTAG
TCGAATGAGAGATCTTGATAAGACACAACCTTTAMCCCTATTGGTTITA
AGCAACAAGCTAATATACATTIGTGCTTATTGTAATGGTGCTTATAGAATT
GETGGCAAAGAGTTACAAGTTCATAATTCTTIGGCTTTTCTTCOCGTTCCA
TAGATGGTACTTGTACTTCCACGAGAGAATCGTGGGAAAATTCATTGATG
ATCCAACTTTCGCTTTGOCATATTGGAAT TGGGACCATCCAAAGGGTATG
COTTTTCCTGCCATGTATGATCGTGAAGGGACTTCCCTTTICGATGTAAL
ACGTEACCAAAGTCACCGAAATGOAGCAGTAATCGATCTTGGTTTTITCG
GCAATGAAGTCGAAAC AACTCAACTCCAGTTGATGAGC AATAATT TAACA
CTAATGTACCGTCAAATGGTAACTAATGC TCCATGTCCTCGGATGTTCTT
TEETGEGCCTTATGATC TCGGGAT TAACACTGAACTCCCGGGAACTATAG
AAAACATTCCTCACGGTCCTGTCCACATCTGGTCTGLGTACAGTGAGAGGT
TCAACTTTGCCCAATGGTGCAATATC AAAC GGTGAGAATATGGGTCATTT
TTACTCAGCTGCTTTGGACCCGGTTTICT T T TGCCATCACAGCAATGTGG
ATCGGATGTGGAGC GAATGGAAAGC GACAGGAGGGAAAAGAACAGATATC
ACACATAAAGATTGGT TGAACTCCGAGT

=BPPOM2

GCCACCTCCTGATCTCTCGTCTTGCAGTAAAGC AACTATTAACGAAACTA
CAGAGGTGCCATACAGTTGTTGCGC TCC TAGGCC TGATGATATGGAGAAA
GTTCCGTATTACAAGTTCCCTTCTATGACTAAGC TCCGTGTTCGTCAGCC
TGCTCATGAAGC TAATGAGGAGTATATCGCCAAGTACAATTTGGCGGTTA
GCAAGATGAGAGATCTTGATAAGACACAACCTTTAAACCCTATTGGTTTT
AAGCAACAAGCTAATATACATTGTGCTTATTGTAACGGTGC TTATAGAAT
TGGTGGCAAAGAGT TACAAGTTCATAATTCATGGCTT T TCTTCCCGTTCC
ATAGATGGTACTTGTACT TCTACGAGAGAATCGTGGGAAAACTCATTGAT
GATCCAACTTTCGCTTTGCCATATTGGAAT TGGGACCATCCAAAGGGCAT
GCGTTTTCCTGCCATGTATGATCGTGAAGGGACTTCCCTTTTCGATGTAA
CACGTGACCAAAGTCACCGTAATGGGGCAGTTATTGATATTGGTTTTTTC
GECAATGAAGTCGAAAC AACTCAACTTCAGT TGATGAGCAATAATTTAAC
ACTAATGTACCGTCAAATGGTAACTAATGC TCCATGTCCTCGGATGTTCT
TTGGLGGGCCTTATGATCTCGGGAGTAACGT TGAACTCCCGGGAACTATA
GAAAACATCCCTCACGGTCCTGTCCACATT TGGTC TGGTACAGTGAGAGG
TTCAACTTTGCCCAATGGTGCAATATCAAACGGTGAGAATATGGGTCATT
TTTACTCAGCTGGTTTGGACCTGGTTTTCTT T TGCCATCACAGCAATGTG
GATCGGATGTGGACCGAATGGAAAGC GACAGGAGGGAAAAGAACAGATAT
CACACATAAAGATTGGTTGAACTCCGAGT
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https://solgenomics.net/tools/blast/

Fasta-ba tenni: Notepad++

Q{ “new 4 - Notepad++ =
File Edit Search View Encoding Language Settings Tools Macre Run  Plugins  Window 7 54 ' & = s .
IR R L LE L L R EEEN I EE R E R * ZarOJe|ek kozotti
E'Ijargeﬁoﬁ.bdJlEmind.delEuida.delEnew1JlEnewZJlEnew}JlEnewEmJ Enewdml reSZ eltaVO“tasa:

>peptidel  GVETYRIYIFK ~

2  speptide?  IYIFEVLE

o Speprices  visgUEEDIGISSE .| + Search/replace
| =t >peptided Q(Gln->pyro-Glu) VHPDIGISSK

5  »peptide5  QVHPDIGISSK 4 I

) >peptided LM (Cxidation) SIM (Cxidation) NSFINDIFEK (regu ar

7  »peptide7  AM(Oxidation) SIM(Oxidaticn)NSFINDIFEKLAGESAK .

=  >peptide®  YNKKPTITSR \ *’)\

2 speptide® EIQTSVRELVLEGELRE Replace =] eXpreSS|0n) -

10 >peptidel0 LVLPGELRK [Find | Replace |Findin Files | Mark |

11  »peptidell KPAEEEPAAEKAEK

12 >peptidel2 SVETYEIYIFEK Find what : \( ‘7\) -

hat: \(.®? Find Next

1% »peptidel3 IVIFKVLE Lol

4 >pepricels VIRQUERDIGISSK [ == || | * Search/replace

15 »>peptidels Q(Gln->pyro-Glu)VHPDIGISSEK

>peptidelé QVHPDIGISSK In selection Replace All
>peptidel7 AM(Oxidation)S5IM(Cxidation)NSFINDIFEE Xte n e
>peptidel8 YNKKPTITSR Replace Allin All Opened

- Documents i 4
>peptidels EIQTSVRLVLEGELAK Match whole word only L] S O rto re S - \r\n
[ Match case ass

21 >peptide2l KPREEEPAAFFKAEE ,
22  >peptide?? SVETYEIYIFE Wrap around ° Ta b u I ato r-
23 >peptide?3 IYIFEVLE - .
- N Search Mode Direction Transparency
24 >peptide?4 VLEQVHEDIGISSE i ° . , ,
25 »peptide25 Q(Gln->pyro-Glu)VEPDIGISSE () Normal Up @ On losing focus kl maSO| hato
26 »peptide2é QVHPDIGISSE () Extended (\n, ¥, \t, \0, W...) @ Down ) Always H
27 >peptide27 AM(Oxidation)SIM(Oxidation)NSFINDIFEE @ Regular expression |:| . matches newline L I J44
N e ynRRETITSR keresheto
29  >peptide?’ EIQTSVRELVLEGELRE
30 >peptide30 LVLEGELAK
31 >peptide3l KPRAEEEPAAFFKAEE
32 rpeptide32 SVEIYEIYIFE
53  >peptide33 IYIFEVLE
54 >peptide34 VLEQVHEDIGISSE
35 »>peptide3s Q(Gln->pyro-Glu) VHPDIGISSE -
||Normal text file length :10 392  lines: 326 Ln:1 Col:1 Sel:0]0 Windows (CRLF)  UTF-8 INS
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Szekvencia-osszehasonlitas meg

Paros szekvenciaillesztés — needle:
— http://www.ebi.ac.uk/Tools/emboss/

Homoldg — k6z0s 6s

30% as. azonossag a teljes * Ortolog —fa
. z szetvalas
szakaszon: vsz. homolog

eredménye, hasonl6

60% folott vsz. a funkcio is azonos szekvencia és
— Lee és mtsai. Nat Reviews 2007 funkeio kulon

fajokban
« Paralog —
» Annotacié — PFAM génduplikécio
eredmenye
— http://pfam.xfam.org/
— GO-term

M TA . AT K 2019. szeptember 26.
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http://www.ebi.ac.uk/Tools/emboss/
http://pfam.xfam.org/

A gén értelme — gén ontologai
(GO)
 Lehet fehérje vagy nukleinsav
» Kontrollalt szotar

— Reprodukalhat6 (automatizalhato) legyen
— Kereshetd legyen

« Harom foszotar (GO domain)
— Bioldgiai folyamat (biological process)
— Molekularis funkci6é (molecular function)
— Sejtszerkezet (cellular compartement)




AKR4C9 aldo-keto reduktaz a
Uniprot adatbazisban

GO - Molecular function®
= alcohol dehydrogenase (MADP+) activity € Source: TAIR
» aldo-keto reductase (NADP) activity # Source: UniProtkKB -
= NADP+ binding # Source: UniProtkB
= steroid dehydrogenase activity € Source: UniProtkB -

Complete GO annotation...

GO - Biological process’ :
= oxidation-reduction process# Source: TAIR « GO - Cellular component

. = chloroplast # : =
» response to cold € Source: UniProtkB « P Source: TAIR

= response to salt stress € Source: UniProtkB - ,

, . Complete GO annotation...

= response to toxic substance # Source: UniProtKB-KW .

» response to water deprivation € Source: UniProtkB - Keywords - Cellular component’
Chloroplast, Plastid

Complete GO annotation...

M TA . ATK 2019. szeptember 26.
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Modell novenyek — cel

* A modell novenyekbdl kinyert
szekvenciak, a megszerzett
novenyélettani és novényi molekularis
biologiai ismeretek segitik a vizsgalt
novényen kapott szekvencia-adatok es
Kisérleti eredmények ertelmezéseét.

M TA 9 AT K 2019. szeptember 26.
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Modell novenyek

* Modell novenyek: ludfi
(Arabidopsis thaliana)
— Kis generacios id0o: 6-8 hét
— Diploid
— Kis genom: ~135 Mb (rizs:
420 Mb, buza: 17 Gb)

— Genomja mar 2000 o6ta
Ismert

— GABI-Kat T-DNS inszercios
mutansgyujtemeny 2002 ota

— Fontosabb okotipusok:
Columbia (Igol), andsberg
Erecta (LER)

— Konnyen transzformalhato
(Floral dip)

M TA . AT K 2019. szeptember 26.
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Betegseg-ellenallo mutans

« AtRAP, a RAP-domeén feherjek Col-WT  atrap-1
kozervaltak, plasztiszfejl6dést Ve &
szabalyoznak

« AtRAP KO. mutans noveény:
novekedésgatlas, photobleaching,
de nagyobb Pseudomonas Katiyar-Agarwal és
reZiSZtenCia mtsai, Genes &

Development 2007

M TA . AT K 2019. szeptember 26.
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Egyeb modellek

H /(4
Seeds

. Grains

+ (brown

, ¥4 rice)

* Rizs (Oryza sativa)
— A genom 2005 o6ta ismert
— Diploid, 420 Mb | |
— Jol transzformalhatd modes

— T-DNS inszercios ]
mutansgyljtemeény fejlesztés alatt

— Generacios id6: min. 2 hénap
— Nehezen nevelhet6

W/ Upper

leaves

Lower
leaves

« Szalkaperje (Brachypodium
distachyon)
— Diploid, 272 Mb genom
— Generacios id6: 8-12 het
— Konnyd nevelni

SENURRGNREY

o
=t
| =
R
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Egyeb modellek
SCIENTIFIC REP{i;}RTS

OFEN The effector AWRS from the plant

pathogen Ralstonia solanacearum
“is an inhibitor of the TOR signalling Awri

AWR2
AWR3

Received: 17 March 2016 h
Accepted: 12 May 2016 pat way
b d: 03 Juna 2016

VRRIECES ISR Crina Popa®?, Liang Lit, Sergio Gil?, Laura Tatjer?, Keisuke Hashii’, Mitsuaki Tabuchi®,
Moria 5. Coll®, Joaquin Arifio? & Marc Valls? AWR4

. Bacterial pathogens possess complex type Il effector (T3E) repertoires that are translocated inside the AWRS

¢ host cells to cavse disease. However, only a miner proportion of these effectors have been assigned
a function. Here, we show that the T3E AWRS from the phytopathogen Ralstonia solanacearym is an
inhibitor of TOR, a central regulator in evkaryotes that controls the switch between cell growth and
stress responses in response to nutrient availability. Heterologous expression of AWRY in yeast caused
growth inhibition and autophagy induction covpled to massive transcriptomic changes, unmistakably
reminiscent of TOR inhibition by rapamycin or nitrogen starvation. Detailed genetic analysis of these
phenotypes in yeast, including svppression of AWRS-indvced toxicity by mutation of COC5S and TPD3,
encoding regulatory subunits of the PP2ZA phosphatase, indicated that AWERS might exert its function

. by directly or indirectly inhibiting the TOR pathway vpstream PP2A_We present evidence in planta that

. thisT3E cavsed a decrease in TOR-regulated plant nitrate redvctase activity and also that normal levels

- of TOR and the CdcS5 homologues in plants are required for B. solanacearvm vinulence. Our results

. swggest that the TOR pathway is a bona fide T3E target and further prove that yeast is a useful platform

. for T3E function characterisation.
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A hasonlosag neha csaloka...

« Arabidopsis D14 (Dwarfl4): strigolakton receptor
— Strigolakton hormonokat kot és hidrolizal

— A szignal a haj[t,é\s, elagazasat csokkentheti, de befolyasolja
a g%(yo ér strukturat es mas novenyekben a
miKorrhizaltsagot is

— GenBank ID: NP_566220.1

 DLK2 (Dwarfl4-like2)

— D14 rokona, de se nem koti, se nem hidrolizalja a
strigolaktont ((+)5-deoxystrigol)

— Szerepe van a hipokotilhossz szabalyozasaban,

fényregulacioban, esetleg a gyokér tapanyagfelveteleben
— AT3G24420 a TAIR-ban, 37,7% as. azonossag a D14-el
— Veégh és mtsai. Frontiers in Plant Science 2017

M TA 9 AT K 2019. szeptember 26.
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Enzimkinetika

« AKRA4C9 tisztitasa aff. kromatografiaval, enzim akt.
merés a NADPH elnyeléesét (340 nm) koOvetve

AKR4C9, C-terminalis His-tag

AKR4C9, N-terminalis His-tag

Kcat/Km Kcat/Km

(percimM- (percimM-
Szubsztrat K, (MM) K, (perct) 1) K, (mMM) K, (perct) 1)
Glutaraldehid 1,91 20,79 10,91 1,34 30,85 22,99
Fruktoz 52,63 10,74 0,20 35,15 4,97 0,14

Eva és mtsai. 2014, Plant Growth Regul 74:1



Enzimkinetika

v

meredekség=K,,/V

-1/K 0 1/[S]



« Dr. Tomoskoziné Farkas Rita, KEKI

Szorbit-méres

100-

+ HPLC-RID e
2 5%
A.
IN6vényi vonal  thaliana WT C1l C2
2Atlagos
szorbit-tartalom 1,66 + 0,17 + 0,80 + 0,30+
(umol/g frt) 1,02 0,23 0,24 0,37

Eva és mtsai 2014, SAJB 93:7

N1



,.Glutéraldehid-kezelés altalanos hatasai




Reverz genetika

e Szekvencia azonositasa
— BLAST, hasonlésag mertéeke

« Gén, fehérje funkcidja
— Enzimaktivitas

— Interakcios partner keresese

* DNS: pl. élesztd egyhibrid-rendszer, kromatin
Immunoprecipitacio, EMSA

* Fehérje: pl. élesztd kéthibrid rendszer, ko-
Immunoprecipitacio, SPR — surface plasmon resonance

— Geénexpresszios mintazat jellemzése

« Szabalyozas leirasa: epigenetikai, transzkripcionalis, poszt-
transzlacios

* Fenotipus kereseése: gen kiutése, csendesitese,
tultermeltetése

2019. szeptember 26.
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Génszabalyozas vizsgalata

The figure below shows Northern blot analysis of different human tissues. Three probes were used: PSAT, PHGDH and Actin.
Actin was used as a loading control, meaning transcription of actin is consistent between human tissues. Which tissue showed
the highest level of transcription of the PSAT gene?

o Génexp resszio Northern blot results

]

(N} Y 4 .
kovetese o
EISRRERETRETRES

— Northern blot— Q.

— RT-PCR— ,

PHGDH mRNA - - -

e =

— gPCR]

RQvs. sample

W Untreated
m 15 pM TSA

Relative quantity

M TA . AT K 2019. szeptember 26.

Mezbégazdasagi Intézet GP Bxl BxVI Byl Byll Bylll Eva Csaba

Plant line




Geénszabalyozas vizsgalata

» Génexpresszio
kovetése
— Fehérjeprofil—
— Western blot—
— En2|mat|V|tas meréese|

40000
RB92579 mm .
— RB962962 W r d
7 35000 1 RBgg7515 mm
E
, c J . 5 )
Carvalho és g 200 35 kDa— SN
mtsai. Soil, £ 25000 -
water and 250000 |
plant & a |
£15000 1 A
management 5 L @ |
2016 S 10000 2 b b .
)
< 5000 H
0 J
0 100 150

Sahne concentration of NaCl (mM)

Means of a variety followed by same letters do not differ by Tukey test at 0.05 probability level 2019
MTA . szeptember 26.
Figure 3 Evaluation of the ascorbale peroxidase (APX) actmty {umol HoQ mg of protein min") of sugarcane leaves. (A) L,
Mezdgazc Comparison between APX values obtained for the subjected to different levels of salt stress: (B) Comparisen between
g APX values obtained for the .fanelles at each sallne Ie .fe\ Eva Csaba



Szovetspecifitas leirasa

« Prométer:riportegén konstrukcié =«

« Tranziens expresszio— ”
— Itt HMW GS promoter::uidA::nos  «
— Makai és mtsai. FIGS 2015 , -I
« Stabil transzfromacio| ' —mes SRPLC:US ﬁ! pra——
— Itt Peters és mtsai. Plant Cell , ___sLeal wEndospem
Physiol 2010
— Sink-spec. atpsip2 promoter
A B

¥
.

C
: | L L p —
—— e . _— — 2019. szeptember 26.
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Tultermeltetes: transzgenikus
novenyek
» Geénkonstrukcio
— Promoter::gen::terminator

— Konstitutiv v. szovetspecifikus, fejlodes-
specifikus promoter

* Transzformacio: alt. genpuska vagy
agrobakterium

- ¢ [T - SN T
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Regeneracio fagystressz utan
3 nap hideg utokezelés, 3 nap 24/18°C

« Vad tipusu és Arabidopsis AKR4C9
enzimet termel0 trg. arpa
fagytlrése

Rap::At2g37770::nos

Eva és mtsai. 2014 SAJB



Csendesités

GENE i43d
O

l Transcription l

« Antiszensz gatlas

 Forditva klébnozni a

gént pl kOnStlt’Utl’V Messenger RNA Antisense RNA
promoter moge memm
— Tranziens, |
g)t(ggﬁSSZIO [EEEEEEEREEE Trbalgil?et!:?n
transzformacié B i
- Nem kell az egész o=
kodolo resz o
i 4\09 2124 nmt e\@
+ Alt. csak 50-60%-0s / \m
a gatlas /\ \m

: RISC e [ AA ' “ "
MTA-ATK Khraiwesh és mtsai. Biochen ™ mmpsmm 15" %

Mezfgardassgi inthzet B|OphyS Acta 2012— Gleavage or transiational inhibition Epigenetic modification




& Antisense Expression of the CK2 a-Subunit Gene in Arabidopsis. Effects on Light-
Regulated Gene Expression and Plant Growth

Yew Lee, Alan M. Lloyd, Stanley J. Roux
Fublished March 1889, DOI: https:'doi.org/10.1104/pp.118.3.585

Article Figures & Data Info & Metrics 3 PDF

View this article with LENS
Copyright ©® 1999 American Society of Plant Physiologists

Abstract
In this issue
The protein kinase CK2 (formerlygasein kinase ﬂ} is thought to be involved in Iight-regulated gene Plant Physiology
expression in plants because of its ability to phosphorylate transcription factors that bind to the ol 119, Issue 3
Mar 1959

promoter regions of light-requlated genes in vitro. To address this possibility in vivo and to leam bl of Contents

About the Cover
Index by author

maore about the potential physiological roles of CK2 in plants, we transformed Arabidopsis with an
antisense construct of the CK2 a-subunit gene and investigated both morphological and molecular ,
Table of Contents (issusfull)
phenotypes. Antisense transformants had a smaller adult leaf size and showed increased
expression ofchs in darkness and of cab andrbeS after red-light treatment. The latter molecular

phenotype implied that CK2 might serve as one of several negative and quantitative effectors in

light-regulated gene expression. The possible mechanism of CK2 action and its involvement in the

phytachrome signal transduction pathway are discussed.
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Kiutés: CRISPR/Cas rendszer

Jinek és mtsai. Science 2012

Clustered, regularly interspaced, short palindromic repeats interference system with
CRISPR-associated endonuclease

Baktérium ,adaptivimmunrendszer” része

Eredetileg 2 RNS: CRISPR RNS (crRNS, ez alapjan megy a felismerés) és
transactivating CRISPR RNS (tracrRNS, kell a rendszer mikodéshez)

Alkalmazas: single guide RNS (sgRNS)
A hasitashoz NGG kell (Protospacer Adjacent Motif (PAM))

Ett6l upstream van a protospacer regié — felismerés
Hasitas tokéletlen javitasa — mutacio, két helyen hasitva nagyobb rész is kiejthet6

I (+ PAM motif)
MTA . ATK 2019. szeptember 26.
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Vektor, target tervezes
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Addgene vektorok hasznalhatok (pl. pHSE401: pKSE401)
— Xing ¢és mtsai. BMC Plant Biology 2014 \
— Transzgenikus novény létrehozasahoz

IIIIIIIIIIIII
IIIIIII

CRISPR-target tervezes szempontjai

— https://www.abmgood.com/marketing/knowledge base/CRISRR Cas9 gRNA
Design.php

— 17-24 bp a PAM (NGG szek.) elott, a PAM-ot nem kell vektorba épiteni

— Els6 nukleotid G legyen (vagy hozzaadni): transzkripcio kezdete az U6
KiSRNS promoternél

— Nem lehet benne TTT: transzkripcio leall az U6 kiSRNS promoternél

— GC: 40-80 % (alacsonyabb: specifikusabb, magasabb: jobban mikodik)
— Komplementer szalra is lehet tervezni

— CRISPOR tervezdéprogram (off-target predikcio): http://crispor.tefor.net/

— Atarget két szalat primerkeént megrendelni ragados vegekkel, 6sszehibridizalni,
magas aktivitasu (5-10 U/ul) T4 ligazzal vektorba épiteni, gRNA scaffold elé

llllllllll

.’ M TA . AT K 2019. szeptember 26.

“ Mezdgazdasagi Intézet Eva Csaba



https://www.abmgood.com/marketing/knowledge_base/CRISPR_Cas9_gRNA_Design.php
http://crispor.tefor.net/

Csak feherje és RNS

» Cas9 fehérje-sgRNA komplex
leonukleoprote[n) bejuttatasa
rabidopsis, salata, dohany és rizs
protoplasztokba PEG-el
— Aktiv fehérje, akar 46% mutacios rata 24
oran belul

— Woo0 és mtsai. Nat Biotechnol 2015

e Liang és mtsal. Nature
Communications 2017
— Buza protoplasztot is teszteltek,
mutalodott (35-41%), novényt nem
regeneraltak belble
— Buza embrio, genpuska, 4-5 mutans 100
Kiindulasi embriobal

— Tényleg nem volt DNS
— Kevesebb off-target, mint DNS-nél

CS5TO (=)
LR
~pooated « T
: o articles * * +:+
MTA-ATK 2EC
tawget plant cells
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Reduced drought tolerance by CRISPR/Cas9-mediated SIMAPK3
mutagenesis in tomato plants

Liu Wang, Lin Chen, Rui Li, Ruirui Zhao, Meijing Yang, Jiping Sheng, and Lin Shen

JAgric. Food Chem., Just Accepted Manuscript
DOl 10.1021/acs jafc 702745

FPublication Date (Web): September 5, 2017
Copyright @ 2017 American Chemical Society

Abstract

Drought stress is one of the most destructive environmental factors that affect tomato plants
adversely. Mitogen-activated protein kinases (MAPKs) are important signaling molecules that
respond to drought stress. In this study, SIMAPKS3 was induced by drought stress, and the
clustered regularly interspaced short palindromic repeats (CRISPR)CRISPR-associated protein 9
{CRISPR/Casd) system was utilized to generate simapk3 mutants. Two independent T1
transgenic lines and wild-type (WT) tomato plants were used for analysis of drought tolerance.
Compared with WT plants, simapk3 mutants exhibited more severe wilting symptom, higher
hydrogen peroxide content, lower antioxidant enzymes activities, and suffered more membrane
damage under drought stress. Furthermore, knockout of SIMAPKS led to up- or down-regulated
expressions of drought stress-responsive genes including SILOX, SIGST, and SIDREB. The
results suggest that SIMAPKS3 is involved in drought response in tomato plants by protecting cell
membranes from oxidative damage and modulating transcription of stress-related genes.
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Kartevokkel szembeni ellenallas

OsERF922 negativ immunoregulator kiutése
rizsben — megnovelt rezisztencia jarvanyos
barnulas (Magnaporthe oryzae gomba) ellen
(Wang és mtsal. Plos One 2016)

OsSWEET 14 erzekenységi gén
promoterenek editalasa TALEN-el rizsben —
megnovelt rezisztencia Xanthomonas oryzae
ellen (Blanvillain-Baufume és mtsai. Plant
Biotechnology J 2017)
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hexaploid bread wheat confers heritable resistance
to powdery mildew
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Production of low-Cs™ rice plants by inactivation of the K*
transporter OsHAK1 with the CRISPR-Cas system
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Summary

The occurrence of radiocesium in food has raised sharp health concerns after nuclear
accidents. Despite being present at low concentrations in contaminated seils (below pu),
cesium (Cs7) can be taken up by crops and transported to their edible parts. This plant
capacity to take up Cs* from low concentrations has notably affected the production of
rice (Oryzo sotiva L)) in Japan after the nuclear accident at Fukushima in 201 1. Several
strategies have been put into practice to reduce Cs* content in this crop species such as
contaminated soil removal or adaptation of agricultural practices, including dedicated
fertilizer management, with limited impact or pernicious side-effects, Conversely, the
development of biotechnological approaches aimed at reducing Cs™ accumulation in rice
remain challenging. Here, we show that inactivation of the Cs™-permeable K™ transporter
DsHAKT with the CRISPR-Cas syst=m dramatically reduced Cs™ uptake by rice plants, C=*
uptake in rice roots and in transformed yeast cells that expressed OsHAK1 displayed very
similar kinetics parameters. In rice, Cs* uptake is dependent on two functional properties
of OsHAK1: (i) 2 poor capacity of this system to discriminate between Cs™ and KF; and {ii) a
high capacity to transport Cs™ from very low external concentrations that is likely o
involve an active transport mechanism, In an experiment with a Fukushima soil highly
contaminated with '37Cs7, plants lacking OsHAKT function displayed strikingly reduced
levels of 1¥7Cs" in roots and shoots. These results open stimulating perspectives to
smartly produce safe food in regions contaminated by nuclear accidents.

M TA . AT K 2019. szeptember 26.

Mezbgazdasagi Intézet Eva Csaba




Systems biology

Classical biology

Detailed
pathways

Small-scale

Prediction ;
modeling

Single-molecule
experiments
Hypothesis < Measurements
Genome-wide
experiments

Network inference

Prediction Network integration

Abstract
networks

Systems biology

« Chuang, Han-Yu, Matan Hofree, and Trey ldeker. "A decade of systems
biology." Annual review of cell and developmental biology 26 (2010): 721-744.

M TA . AT K 2019. szeptember 26.
Mez6gazdasagi Intézet Eva Csaba



