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Parasta priede (Pinus sylvestris) aiznem 47% no AS , Latvijas Valsts
mezi” apsaimniekosana esosajiem meziem.

Latvijas priezu audzés sastopama bruna skujbire, ko izraisa
Lophodermium seditiosum. Navéjosa tikai jauniem stadiem. Izplatibu
veicina silts, lietains rudens, siltas ziemas.

Stadaudzetavas izmanto fungicidus («Amistar»), tomeér migloSana
nespéj pasargat visus stadus no L. seditiosum, ka ar1 slimiba var
izraisit stadu bojaeju pirmajos gados péc to izstadiSanas meza.
Slimibu apkarosanai jaunaudzés nav atlauts lietot fungicidus, tadél
aktualaka klust nepiecieSamiba meklét jaunus celus augu
aizsardzibas nodrosinasana.
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Presentation Notes
Darba mērķis ir izpētīt inducētās rezistences iespējas parastās priedes Pinus sylvestris rezistences paaugstināšanā pret L. seditiosum.

Seedling infected with L. seditiosum may be undetectable as the symptoms are not always visible when planted in the early spring. 
Developement of needle cast is favored by warm, rainy autumn and mild winter. 
which may become a more frequent, and severe problem in the future due to climatic changes and forest regeneration practices. 
Tiek izstrādātas tehnoloģijas mazāka izmēra stādu audzēšanai un jaunāka vecuma stādu izmantošanai meža atjaunošanā, bet šādiem stādiem ir neliela barības vielu rezerve un skuju masa, tādēļ inficējoties ar skujbiri, ir augstāka varbūtība, ka stāds iznīks. 






Induceta rezistence @
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Inducéta rezistence ir aktivs process, kura tiek izmantota auga dabiga
aizsardziba ka rezultata palielinas auga izturiba pret otrreizéju
nelabveliga faktora iedarbibu.

Induceétas rezistences noturigums kokos joprojam nav zinams.
— eglé (Picea abies), ta ir novérota vismaz vienu gadu,
— savukart péc Pinus radiata inokuléSanas ar patogénu Fusarium circinatum,
inducéta rezistence tika novéerota vél 3 gadus.
L. seditiosum gadijuma butu svarigi, lai inducéta rezistence stados
saglabatos tiesi pirmajos 2 - 3 gados.

Induceéta rezistence ir nespecifiska - inducéjot rezistenci pret vienu
patogénu, augs var klut izturigaks ari pret citiem biotiskiem vai
abiotiksiem faktoriem.
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* Inducéto rezistenci kokos var iedalit vairakas grupas:

— induceéeta kimiska aizsardziba (sekundarie metaboliti, pieméram,
terpenoidi, fenola savienojumi, alkaloidi),

— inducétas anatomiskas izmainas (Stnas sieninu lignificésanas, sveku
ailu veidosanas),

— induceéeta ekologiska vai netiesa aizsardziba (gaistosi savienojumi, kas
piesaista koka patogéna dabigos ienaidniekus vai bridinot apkartéjos
kokus par patogénu),

— inducéta proteinu aizsardziba (ar patogenézi saistitie proteini, kas
atri inducejas gan lokali, gan sistémiski). 17 grupas. Vairums 5 grupas
proteini tiek inducéti ka atbildes rekacija patogénu infekcijam,
biotiskiem, abiotiskiem stresiem, apstradei ar augu hormoniem.
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Presentation Notes
One of the most important inducible defense mechanisms is the biosynthesis of pathogenesis – related (PR) proteins (17 groups) (Velazhahan et al., 1999). 
Many PR – 5 proteins are induced in plants as a response to infection by pathogens, osmotic stress, treatment with abscisic acid, ethylene, salicylic acid, methyl jasmonate and wounding. 
Members of the PR – 5 group are called thaumatin – like proteins (TLPs).




Taumatinam lidzigais proteins

|zoléti no dazadiem
organismiem (nematodéem,
kukainiem, séném, kailsékliem
un segsekliem).

|zturigi pret proteazem un
ekstrémiem temperaturas, pH
apstakliem.

Visiem augu PR5 grupas
proteiniem, kam piemit
pretsénisu aktivitate,
raksturigas 5 augsti
konservativas aminoskabes
(arginins, glutaminskabe un 3
asparginskabes).

,
Liu and Sturrock, 2010

TLP, iespéjams, ietekmé sénu
sunas sieninu, saistoties ar
(1,3)b-glikanu un noardot to
vai palielinot Stinas sieninas
caurlaidibu, veidojot poras
taja.

Péc vitenauga Cynanchum komarovii
apstrades ar abscizskabi, salilcilskabi,
metiljasmonatu, NaCl un sausumu,
konstatéta palielinata TLP géna
ekspresija, kas liecina, ka Sim
proteinam ir nozimiga loma stresa
atbildes reakcija. Sis proteins izradija
Spécigu pretsénisu aktivitati.



Darba merkis un uzdevumi @
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Darba mérkis ir izpétit inducétas rezistences iespéjas parastas
priedes Pinus sylvestris rezistences paaugstinasana pret L.
seditiosum.

Darba uzdevumi:

— P, sylvestris stadu apstrades metozu apgusana ar dazadiem inducétas
rezistences reguléjosSiem faktoriem.

— RNS izdaliSana no apstradatajiem paraugiem, TLP génu ekspresijas
analizes, izmantojot reala laika PCR.

— P sylvestris inducétas rezistences izraisitaju atlasiSana péc génu
ekspresijas rezultatiem un to izmantoSana parastas priedes stadu
apstrade, lai velak veiktu inokulaciju ar L. seditiosum.
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Presentation Notes
Previous results from our laboratory have shown that TLP gene expression increases in P. sylvestris after inoculation with Heterobasidion annosum, therefore the present study was undertaken to investigate TLP expression and antifungal activity, suggesting that it may play an important role in P. sylvestris defense response. 



Pinus sylvestris TLP gena sekvences

iegusana
SILAVA
Distribution of 27 Blast Hits on the Query Sequence &

|M0use-uverto show defline and scores, click to show alignments |
Lai iegutu géna sekvenci, tika izmantota e E g |
Pinus taeda TLP mRNS, cds sekvence | % w0 4o so  7ho  obo
(GenBank Acc. No. EF532603) praimeru *"*™"~
veidosanai.
Genomiskais P. sylvestris DNS izoléts ar
CTAB metodi (Murray and Thompson P. taeda TLP ORF
1980) * [View | 1GenBank ~ [ Rediaw | 100 ~ [sixFranes F:axlz:a.ﬁ’zn;t;?La;%ﬂ;

+2 B233.394 162

Analizéjot ORF, P. sylvestris bija 1saka TLP - ,
proteina sekvence neka P. taeda. -
[View | 1GenBank ~ [ Redraw | 100 - Frame from to Length

PCR and cDNA sekvenesana tika
izmantota lai noteiktu introna esamibu = = T

T—
D +1 B 43189 147

un garumu, ka ari noteiktu ta atrasanas 5 :

]
VI et u . http://www.ncbi.nlm.nih.gov/projects/gorf/

P. sylvestris TLP ORF
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Open reading frame (ORF) is the part of a reading frame that has the potential to code for a protein or peptide.

The CDS is that portion of an mRNA transcript that is translated by a ribosome.
CDS means only that the sequence is known to be transcribed and, therefore, it is coding for something -- neither gene nor protein has to be known. Any full mRNA sequence (obtained from cDNA sequencing) will have a full coding sequence. ORF is usually predicted based on DNA sequence and not proven to be transcribed.

The P. sylvestris TLP cDNA sequence was highly similar to the TLP mRNA, cds from Pinus taeda (99%). 

As many PR – 5 proteins are induced in plants as a response to abiotic stress we used exogenous application of MJa on the seedlings needles. MJ treatment has been reported to induce resistance in conifers and suppresses pathogen growth (Piggott et al. 2004, Heijari et al., 2005, Heijari et al., 2008, Moreira et al., 2009). 
Many PR – 5 proteins are induced in plants as a response to infection by pathogens, osmotic stress, treatment with abscisic acid, ethylene, salicylic acid, methyl jasmonate and wounding. 



FAN

control control -
Tween 80

10 - 100 mM MJa (5 ml)

Normalos apstaklos TLP tiek ekspreséts zema [imeni, ka ar1 atseviskas
auga dalas un/vai attistibas stadijas.

Metiljasmonata (MJa) apstrade palielina TLP géna ekspresiju Pinus
moticola (Piggott N. et al. 2004) un ietekméja (samzinaja) patogénu
augsanu, tadel, lai iegutu TLP géna sekvenci un noteiktu introna
esamibu, RNS un DNS tika izdaliti no MJa aptradatiem stadiem.

10 miMiVila (s, 50mM Mia 100 mM Mia

P. sylvestris stadi (1 gadu veci) tika apstradati ar:
— 5,10, 30, 50, 100 mM MlJa + 0,1% Tween 80,
— kontroles — H,0; 0,1% Tween 80, 30 mM MJa (2.5 ml)
— Katru stadu apsmidzinaja ar 2,5 - 5 ml Mja skiduma,

— Skujas tika ievaktas pirms apstrades un 2 — 4 nedélas péc apstrades.

Parak liela MJa deva izraisa fitotoksisku ekfektu.

7

2 nedélas 3 nedélas
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Exogenous application of MJa stimulates the synthesis of PR proteins include TLP, chitinases, peroxidases, proteinase inhibitors and several other proteins in conifers.
The plant growth regulator jasmonate and its methyl ester MJa are naturally present in plant tissues and are involved in both regulation of plant development and response to environmental stresses such as wounding and pathogen attack.
These results indicate that these doses of MJ applied exogenously on seedlings were too high, which reduced seedlings growth and showed a phytotoxic effect, such as needle browning.



Pirms apstrades

!

PCR

gDNA 818 bp &PCR

cDNA 673 bp

t t
gDNA Péc apstrades ar MJa
cDNA

Introna parbaude P. sylvestris séjenos (pirms un péc apstrades).

PCR produkta garums no gDNS ir 818bp un no cDNA — 673bp.

1; 2 — gDNS, 3;4 — pirms apstrades (cDNS); 5-8 — péc apstrades ar MJa,
9- NK (cDNA).

e SHLAVA

ORF - 850 bp, kura atrodas 145bp introns.

PsTLP veido 234 aminoskabes.
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GTGTTGAGTTATACTGTTTAACCTGCTGCCTCGCCATTTGCAATGGGGCGAAGAACATGC
M G R R T C
GCAGGGTCCCTTTGGATCACAGCAATAGTAACTTTATTAGCTCTTAATGTTTATCTGCAA
A G SLWITAI1IVTLULALNWVYLAQ
Ggtaacgtgccgetctctcaattactctacaatatcactatactgattgctttgatcaat

aaatcatgaattatatagcaggcttatgtattcatttgtcaaagtagaaatattaataga

ttttgtttggtgaactataagtgcagGTATAGAAGGTGCGACAATGACCGTCAAAAACCA
GIE G A TMTV K N Q
GTGCTCATACACAGTTTGGGCGGCTGGCAGTCCGGGCGGCGGTAAGCAACTGGGGCAGGG
CSYTVWAAGSZPG GGG GH KU QLGR QG
TGAGACATGGAGTTTTGATGTTCCAGCGGGAACAACAGGAGGCAGAATCTGGGGGCGTAC
ETWSFDVZPAGTTG GG GRII WGRT
CGGTTGCTCCTTCGACGCTGGCAGTGGTACAGGTAGCTGTACCACTGGTGACTGTGGTGG
G CSFDAGSGTSGSTCTTGTDTCGG
GTTGCTCAATTGTCAAGGCTATGGAAGCGTCCCTGCAACGCTTTTTGAATATGGTCTGAA
L LNCQGYGSVPATILZFEYGTLN
TAAGTACCAGAATCAAGACTTCTATGATATCTCTCTTGTCGATGGCTTCAATATCCCTCT
K Y NQDFY D11 SLVDGFNIPL
CTCTGTAACTCCCTCAGACTCTTCGTGCAAAGTAATAGGTTGCACCACCGACATAAATGC
S VvV T TPSDSSCKV I GCTTHDTINA
TGTGTGCCCTGCAGAACTGAAAGTGACCGATGGATGCAAGAGTGCTTGTGCGGAGTTCAA
VCPAETLIKVTDG GT CIKSATCAEFN
TACCCCTCAATACTGCTGTACCGGAGACTATGAAAACAACTGCTCTCCCACCAACTATTC
T PQYCCTS GDYENNTCSPTNYS
GCAATTCTTCAAGGGGCAGTGCCCACAGGCATACAGCTATGCCAAGGACGATGCCACCAG
Q FFKGQCPOQAYSYAKUDU DA ATS
CACCTTCACCTGCCCTTCTGGTGCTAATTACAACGTCGTCTTCTGTGGTTAGGAAGATAT
T FTCPSGANYNVVFCG *-————
TTACGTAATATCTTCCTACTCATATAGTAACAATAG 936

P. sylvestris TLP géna sekvence publicéta NCBI datu baze (GenBank Acc. No.

JX461338.
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Agarose gel electrophoresis of PCR amplicons confirmed that the fragment amplified from cDNA amplicons were shorter in length compared with the respective genomic DNA amplicons. 
To save energy under stress-free or pathogen-free conditions many PR-5 group proteins are up-regulated only by abiotic and biotic stimuli.



Analizéjot ieguto P. sylvestris sekvenci,
konstatéts:

Proteinu veido 234 aminoskabes,
molekulmasa ir 24,6 kDa.

Sekvence satur 5 konservativas aminoskabes,
kas raksturigas augu PR5 grupas proteiniem ar
pretsénisSu iedarbibu (arginins (R),
glutaminskabe (E) un tris asparginskabes (D),
kas atzimétas ar *.

Sekvence satur taumatina dzimtas iezimi
(thaumatin family signature) (PS00316): G-x-
[GF]-x-C-x-T-[GA]-D-C-x(1,2)-[GQ]-x(2,3)-c.
Sekvence satur TLP Large (L-) type raksturigos
16 konservativos cisteinus (C).

Pasvitrota signalpeptida sekvence.

Salidzinot ar P. taeda, sekvené ir 7 aa
izmainas. (99% lidziba ar TLP mRNS, cds no
Pinus taeda).
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atggggcgaagaacatgcgcagggtccctttggatcacagecaata

M 6 R R T ¢ A G 5 L W I T A I
gtaactttattagctcttaatgtttatctgcaaggtatagaaggt

v T L. L. AL NV Y L Q G I E G
gcgacaatgaccgtcaaaaaccagtgctcatacacagtttgggeg
A T M T VvV K N Q Cc 8 ¥ T V W A
gctggcagtecocgggecggcecggtaagecaactggggecagggtgagaca
A G 8§ P G G G K QL G @ G E T
tggagttttgatgttccagecgggaacaacaggaggcagaatctgg
w s F D V P A G T T G G R+I W
gggcgtaccggttgctecttecgacgctggcagtggtacaggtage
G R T G ¢ 8 F D A G 8 6 T G S8
tgtaccactggtgactgtggtgggttgctcaattgtocaaggectat
c T T GG D ¢ 6 6 L L N € g G Y
ggaagcgtcecctgcaacgctttttgaatatggtctgaataagtac
G 35 v P AT L F E*Y G L N K Y
cagaatcaagacttctatgatatctctecttgtecgatggecttcaat
Q N @ D F Y DI S8 L V D*¥G F N
atccctctctctgtaactccctcagactecttegtgcaaagtaata
I p L 3 VvV T P 8 D S 8 ¢ K V I
ggttgcaccaccgacataaatgctgtgtgeccctgocagaactgaaa
G ¢ T T D I N A V € P A E L K
gtgaccgatggatgcaagagtgcttgtgeggagttcaataccccect
v T b 6 ¢ K 8 A C A E F N T P
caatactgctgtaccggagactatgaaaacaactgctctcccace
Q Yy ¢ ¢ T 6 D ¥ E N N C S P T
aactattcgcaattcttcaaggggcagtgecccacaggcatacage
N Y 5 Q F F K G ¢ ¢ P Q A Y 3
tatgccaaggacgatgccaccagcaccttcacctgeccttetggt
Y A K D DA T S5 T F T € P 5 G
gctaattacaacgtcgtcttctgtggttag 747

A N Y N V V F ¢ G *
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Taumatīna dzimtas iezīmē burti, kas ir kvadrāt iekavās, nozīmē, ka tājā vietā var būt viena no divām minētajām amisnoskābēm [GF] – vai nu G vai F.
Roberts and Selitrennikoff (1990) suggested that zeamatin, a PR-5 protein isolated from corn seeds, exerts antifungal activity by a membrane permeabilization mechanism.
Membrane pore formation has been hypothesized as one possible mechanism of action of antifungal TLPs (Roberts and Selitrennikoff 1990). Three-dimensional molecular structures of
PR-5 proteins revealed that many of those with antifungal activity had a common motif, a negatively charged surface cleft (Koiwa et al. 1999). Secondary and tertiary structure analyses showed that the
amino acid residues comprising the acidic cleft are conserved among antifungal PR-5 proteins (Koiwaet al. 1999). It was suggested that the acidic cleft might be the site of interaction between PR-5 proteins
and their receptors on the plasma membrane of target micro-organisms and might be directly involved in cell permeabilization (Batalia et al. 1996). It

Signālpeptīds saistīts ar proteīna transporta sistēmu.
Signālsekvences satur nepieciešamo informāciju, kas nepieciešama, lai transportējamais proteīns mijiedarbotos ar sekretoro mašinēriju, membrānas fosfolipīdiem un signālsekvences peptidāzi (Kajava et al. 2000). Parasti to garums ir 18 – 30 aminoskābes. Visas signālsekvences sastāv no trim raksturīgiem domēniem: pozitīvi lādēta N – gala (N domēns), hidrofobas vidusdaļas (H domēns) un vairāk polāra atšķelšanas reģiona (C domēns). 


TLP géna ekspresijas izmainas séjenos pirms un péc MJa apstrades
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e TLP gena ekspresija palielinajas péc MJa apstrades.
e Parak liela Mja deva bija navejosa stadiem un ar1 TLP ekspresijas limenis bija
zemaks neka ar optimalu devu.

RQ vs Sample
) — 10 stadi katra apstrades grupa;
o} — Neapstradati stadi ka kontroles;
2 ° — Paraugi, kas ievakti 2 nedélas péc
e apstrades, uzradija atskirigus
A rezultatus
B R v © v W0 o 2 o

’\QI

3
®
®

Sample

TLP géna ekspresijas izmainas. Parauga nosaukuma pirmais simbols nozimé paraugu grupu (apstrade ar 10mM MlJa; 30 mM Mija);
otrais — parauga numuru un simbolas péc komata — apstrades laiku, tas ir, 0 — pirms apstrades, 2 — 2 nedélas péc apstrades).



Taumatinam lidziga proteina sinteze

lzmantots ekspresijas vektors pET100
un BL21 Star sunas.

Vaja TLP ekspresija, proteina klatbutne
pie neskistoSajiem proteiniem un
samazinata E. coli augsSana, liecina, ka
TLP ekspresija BL21 sunas ir toksiska
pasam baktérijam.

pET100/D-TOPO"
&
pET200/D-TOPO"

M - markieris; 1 — 4 — stundas péc inducésanas
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Uz E. coli balstīta transkripcijas - translācijas sistēma, kas satur visus translācijai nepieciešamos elementus (ribosomas, ribosomālos faktorus, tRNS, aminoacetil-tRNS sintetāze u.c., kā arī T7 RNA polimerāzi),
divu soļu reakcija, 
kā paraugs tiek izmantots PCR, kas satur gan interesējošo gēnu, gan translācijas un transkripcijas regulēšanai nepieciešamos elementus (T7 promoters, ribosomālā saistīšanās vieta, T7 terminātors). 



TLP ekspresijas optimizésana

* Tika optimizéta proteina ekspresija

ta, lai baktérija So proteinu varétu

ekspresét noteikta daudzuma,

saglabajot dzivotspéju un neveidotu

iesleguma kermenus (paliktu Skistosa

veida):

— Samazinot IPTG koncentracijas (0,05 —
1mM),

— Samazinot augSanas temperaturu
(25°C),

— Pievienojot 1% glikozi, ta var palidzét
novérst T7 RNS polimerazes ekspresiju
un palidz stabilizet vektoru.

SILAVA
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5x atSkaidijumi

M — markieris

A — bez plazmidas/bez IPTG

B — bez plazmidas/ar IPTG

C —ar plazmidu/bez IPTG

D - ar plazmidu/ar IPTG (TLP)

TLP (24,6 kDa) + N-terminal peptid (3 kDa) = 27,6 kDa.
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Nav antivielas, 
Bija info par konkrēto gēnu, tāpēc interesēja tā produkts
Ir 


Atskirigi inducésanas laiki
seeeseeeseeeeeeeees SHLAVA

Sakotneéji Stinas tika inducétas ar 1ImM IPTG Péc optimizésSanas, indukcija tika veikta
37°C ODgy, = 0.5. pie lielaka Stinu daudzuma (OD¢y, = 1,5).

M/A/B/C/D/ A/B/C/D

’M/K/ﬁ/t/ A/P;/t v . M — markieris

_ ﬁ . . “  A-bez plazmidas/bez IPTG

: B — bez plazmidas/ar IPTG

C —ar plasmid/bez IPTG

D — ar plazmidu/ar IPTG (TLP)

5x atSkaidijums 5x atSkaidijums
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Full Length Research Paper
Cloning and expression of the recombinant NP24l

I PTG ko n ce nt ré c ij u efe kts protein from tomato frui;catrii‘:::t;iudy of its antimicrobial

Mervat S. Mohamed', Walid Abu El-Soud® and Magda F. Mohamed'
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M /A/8/C/ A/ B/ C/ D/ E/ M

e Sunas induceétas pie 25°C pa nakti, -

izmantojot dazadas IPTG
koncentracijas, bez glikozes (0.05, 0.1,
0.5 mM).

* DaZadas IPTG koncentracijas Tpasi Protein doublets
neietekméja ekspreséta proteina
daudzumu.

Attlrlsana ar N| NTA

L1 234 1
E S—— FT W1 W2 E1 E2 E3

Audzéets 25°C ~ 60h ar atskirigam
IPTG konc.
M — protein MW marker
n A-0,1mM IPTG
B—-0,5mM IPTG
C-0,05mM IPTG
D - ar plazmidu/bez IPTG
E — bez plazmidas

 AUES] TR UL ol Sl R N oy Dy SR D IR e Do e (R R, RN Ve S
BEREZEEBNRRBEBLREEs 2™

EEEEBEH?REBHTW&E%i#&E
T T A S S A T T

Analizéts uz SDS-PAAG un izmantojot 2100 Bioanalyzer. 1 —lizats no IPTG inducétam E. coli ar TLP konstruktu (ar 1% glikozi); 2 —lizats no IPTG inducétam E. coli ar TLP
konstruktu (bez 1% glikozes); 3 —lizats no neinducétam E. coliar TLP konstruktu (ar 1% glikozi); 4 —lizats no neinducétam E. coli ar TLP konstruktu (bez 1% glikozes); L

- —v

— markieris. Ni-NTA attirisana: 1: FT — flow - through; W 1-2 — mazgasana; E 1-3 — eluati.
I
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The observed doublets were gel defects of the protein samples re-oxidizing during the run or incomplete disulfide bond dissociation.


As there were medium amount of TLP and Mohamed et al. (2011) reported that maximum amount of soluble NP24I protein was obtained at 0.05 mM IPTG at 25oC, in an additional experiment, 

Analyzing samples by SDS-PAGE there were nonspecific proteins at the same molecular weight or a bit higher (Fig.x.). To clarify origin of the nonspecific bands, protein analysis were performed with the 2100 Bioanalyzer and Protein 80 kit that showed more distinct bands compared to the SDS – PAGE and no nonspecific protein (Fig.x). The observed doublets were gel defects of the protein samples re-oxidizing during the run or incomplete disulfide bond dissociation.



His-tag astes noskelsana %
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e TLP tika ekspreséts ar 6x His asti, lai varétu veikt proteinu attiriSanu,
* Proteinu attirisSana dabigos (native) apstaklos veic ar imidazolu,

* |midazols inhibé enterokinazes aktivitati,

e Imidazola aizvaksana ar Sephadex G-50,

e Antimikrobialas aktivitates testos izmantoja TLP ar 6x His asti.

: SN
sh,ﬁ‘_‘.. o -1 L - lizats
| FT- flow-through
W- wash
: 2 E- eluate

N
1 & B

E1/E2/E3/+enterokinaze Eluati + enterokinaze péc inkubésanas



Proteina antimikrobialas aktivitates
parbaude ar L. seditiosum un 11 citam
Senu sugam.

(A) Trichoderma sp.,

(B) A. aerolatum,

(C) B. adusta,

(D) H. parviporum 17,

(E) H. parviporum 162,

(F) C. borealis,

(G) G.sepiarium,

(H) H.annosum 50,

() H.annosum V Mals,

(J) L.seditiosum,

(K) L. conigenum,

(L) R.bicolor,

(M) S.brinkmannii,

(N) S.sanguinolentum.

Pulkstenraditaja virziena no augsas: 1 -
20pg; 2 —50 pg; 3 —300 ug proteina; 4
— kontrole (Ni — NTA eluéSanas buferis).


Presenter
Presentation Notes
The recombinant TLP showed antimicrobial activity against E. coli and 12 fungi species. Our results demonstrate that bacterially expressed protein retained its biological activity. All these observation (antifungal activity and transcript accumulation only after MJa treatment) concur with a proposed role of TLP in the protection of seedlings against pathogens

We cloned and expressed the recombinant thaumatin – like proteins (TLP) from Pinus sylvestris and studied its antimicrobial activity against part of the major pathogens of tree (11 fungi species) and Trichoderma sp.. Trichoderma sp. is fungal antagonist which also works on wood decay fungi (Highley, Ricard 1988). 




S. brinkmanni, C. borealis un R. bicolor bija
visjutigakie pret TLP, senes augsana tika
inhibéta jau pie 20 pg TLP.

e H.annosum 50, Trichoderma sp. un L.
seditiosum tika inhibéti tikai pie 100 pg TLP.

e |lgakais inhibésanas laika tika novéerots R. '
bicolor (14 dienas), G. sepiarium (14 dienas), S. brinkmanni, C. borealis, R. bicolor

H. parviporum (10 dienas), H. annosum
(10dienas) un L. seditiosum (14 dienas).

e Mazaka ietekme bija uz atri augosajam sénem
B. adusta un Trichoderma sp..

H. annosum, Trichoderma sp., L. seditiosum

Dala no Sim séném ir nozimigi eglu patogéni Latvija. Arhipova N. et al. 2011 pétijums
rada, ka aptuveni 1/5 no eglém (Picea abies) Latvijas mezos ir inficétas ar trupes
izraisoSam séném un biezak sastopama bija H. parviporum , kas tika izoléta no celmiem
(11.1%) un stumbriem (55,3%). S. sanguinolentum bija otra biezak sastopama séne. Abu
So sénu augsanu relativi stipri ietekméja TLP un salidzinosi ilgi saglabakas inhibiésanas
efekts.



Lai novertétu inducétas rezistences efektu, apguta L. seditiosum
audzesana sSkidra barotné un veiksmiga sénes inokuléSanas metode
uz P. sylvestris stadiem.

3 nedeéelas péec
inokulésanas ar

L. sed.
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Ar L. sed. specifiskiem praimeriem
produktam jabut 382 bp

3 menesi péec
inokulesanas ar L.

sed.
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Presentation Notes
Na hipohlorīts
Na hipohlorīts ir šūnu kodolu inde, un tādēļ tas rūpīgi jāatskalo no eksplanta. Tomēr šīs vielas pēdas var palikt un tādēļ daži autori iesaka augu audus vispirms skalot 0,01 N HCl un tikai tad skalot ar destilētu ūdeni. �
Skujkokiem vienu gadu vecie dzinumi sterilizēti �5,25% NaOCl šķīdumā 30-60 sekundes� (Harvey, Grasham, 1969).



Inducéta rezistence (MJa)
Sagatavosanas darbi jonu plusmas sekvenésanai Norvégija (Norvegijas %
ainavu un mezu izpétes institata As )

SILAVA

e |Izmeéginatas dazadas RNS izdaliSanas metodes, lai iegttu atbilstosas
kvalitates RNS izmantosanai darba ar jonu plusmas sekvenatoru
(paraugi analizeti ar Agilent bioanalizatoru).

e Veikts eksperiments ar P. sylvestris klona rametiem:

- 3 rameti apstradati ar 10mM MJa (pa 5ml), 6 rameti
nepastradati (kontroles),

- 2 nedélas péc apstrades ar MJa ievaktas skujas no visiem
rametiem (ar1 kontrolém). Veikta TLP géna ekspresija ar gPCR un
rametu parbaude ar stresa markieriem. Atlasiti piemérotakie rameti
darba ar jonu plusmas sekvenatoru.

« Norvégijas ainavu un mezu izpétes institita As veikta jonu plismas
sekvenésana kontrolém un rametiem, kas apstradati ar MJa, lai
varétu atlasit kandidatgénus, kas saistiti ar inducéto rezistenci.



Inducéta rezistence (MJa)
Eksperimenti ar P. sylvestris klonu rametiem:

1. Klonu rameti:

- parbauditi ar SSR markieriem,

- rametu skuju parbaude (lai izslégtu citu patogénu sénu ietekmi uz So
eksperimentu),

2. Apstrade ar metiljasmonatu:
- Ix apstradati ar 0, 5, 10, 30, 50 mM MJa pa 5ml,
- Péc 2 nedéeélam inokuléti ar L. seditiosum,

- Péc 3 nedélam un péc 3 ménesSiem veikta L. seditiosum
parbaude skujas,

- 2 nedélas péec apstrades ar MJa un 3 nedélas péc stadu
inokuléSanas ar L. seditiosum veikta TLP géna ekspresija, izmantojot qPCR
un stresa génu markieru parbaude (izmantoti dhn 3, Lea, ABA, P55C2
markieri).
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Presentation Notes
SSR ir mikrosatelītu marķieri (mikrosatelītu garuma polimorfisms)



Pirms apstrades

875
5.50
825
5.00
475
4.50
425
4.00
3758
350
325
3.00
275
250
225
2.00
175
1.50
1.25
1.00
078
0.50
028
0.00

SILAVA

10_3; 0 — pirms apstrades
10_3; 2 -2 nedélas péc apstrades
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SSR ir mikrosatelītu marķieri (mikrosatelītu garuma polimorfisms)



2 nedélas péc apstrades ar MJa

if( - nav nokaltusi = SILAVA

4.25 1
4.00 4
3.751
3.501
3.251
3.00 4
2.751
2.50 1
2.251
2.00 1
1.75 1
1.50
1.251
1.00 4
D.75 1
0.50 1

* k%

|:||:||:|. ______________________ - Ala———— = I = Ia——— = A = H—— = S [ SSSSS—

Twi Tw2 Tw3 5/1 5/2 5/3 10/1 10/2 10/3 Twil Tw2 Tw3 5/1 5/2 5/3 10/1 10/2 10/3 Twl Tw2 Tw3 5/1 5/2 5/3 10/1 10/2 10/3

Dhn 3 (400 bp) Lea (150 bp)



3 nedelas pec inokulesanas

SILAVA

Y% - nav nokaltusi
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1.0 1
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0.6 1
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0.47
0.3
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Dhn3 (400bp) _ Lea (150 bp)




Inducétas rezistences parbaude séjenos

Problémas:

. y kontroles MJa
- saknu iekalSana, RS |
- tradodina klatbutne,

- citu patogeno sénu klatbutne augsne.

P

=

apstriditsarMla_ M

il
i =

L. seditiosum parbaude kontroles un MJa

apstradatas skujas péc 6 meéneSiem. Sé&nes
WWwwwy klatbiitnes gadijuma jabat 382 bp garam PCR
produktam. M — garuma markieris.



SILAVA
Darbi sobrid: Vasara:
e Hitinazu aktivitates  Inducetas rezistences
parbaude, atkartota parbaude séjenos
e TLP un hitinaZu génu un klona rametos.

ekspresijas parbaude
dazados laika periodos.
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