CHEMINE AUGALU KALBA
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http://www.the-scientist.com/?articles.view/articleNo/38727/title/Plant-Talk/

https://www.youtube.com /watch?v=0Q-4w5xYTwiU
Vida Mildaziené,
T\ VDU Gamtos moksly fakultetas, Biochemijos katedra



http://www.the-scientist.com/?articles.view/articleNo/38727/title/Plant-Talk/
https://www.youtube.com/watch?v=Q-4w5xYLwiU

THE FERAL EYE

by Terry Sedgwick

Charles wasn't at all bothered that people thought
him odd for talking to his plants. It was a pleasant
and relaxing way to start the day. Unfortunately this
morning started badly when the aspidistra and

the ficus got into a shouting match with him about
the ethics of embryonic stem cell research.
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AUGALU ISSKIRTINUMAS

»valgo“ Sviesg - fotosintezuoja organinius junginius

Sudaro 99% biomasés Zeméje;

Nuo jy egzistavimo priklauso nefotosintezuojanciy organizmy gyvavimas - juos visi valgo;
Seéslus, ,nejudrus” organizmai: iSlikimg uztikrina iSskirtiniai atsako j stresg mechanizmai;
Budinga iSskirtiné biocheminiy junginiy gausa (>3000 antriniy metabolity);

Neturi gyvunams budingy smegeny ir neuronu;

Neturi nepakeiciamy organy - moduliné kiino sandara padeda iSlikti netekus 90% kuno:
(visy valgomiems turéti smegenis nenaudingos).

Augalai gali judeéti, taciau jy judéjimas dazniausiai toks létas, kad Zmogus jo nemato.
Plant blindness

C. Darvinas ir B Darvinas ,, The Power of Movement in Plants®, 1880: augaly smegenys sakny
vir§unélese, dauginimosi organai — vir§ zemeés esancioje dalyje.

https://www.youtube.com/watch?v=gBGt50eAQFk
4:58; 9:57; 11:58; 12:46



https://www.youtube.com/watch?v=gBGt5OeAQFk

GYVUNU GYNYBINIS ATSAKAS - KOVA ARBA BEGIMAS,
AUGALUY?




Karban R, Baldwin IT (1997) Induced Responses to Herbivory.
Univ. of Chicago Press, Chicago

Induced

Responses to
Herbivory

Augalai nuolat yra valgomi arba kitaip ,iSnaudojami® kity
organizmy

Rachard Rarban and
lan T, Baldwin

Augalai negali iSvengti pavojingu kontakty pabégdami.
Taciau jie néra beginkliai, ir jie turi ne tik dyglius...
Jie aktyviai keicia savo chemija ir fiziologija pazeidimuy metu.



AUGALAI GINASI NUO ZOLEDZIY, SINTETINDAMI NUODINGAS
ARBA VIRSKINIMA SLOPINANCIAS MEDZIAGAS

P 4 _

Jauni bulviy lapai, édami kolorado vabalo, ima gaminti proteaziy slopiklius, kurie
sustabdo lervy virskinimg, nes slopina fermentus



LEMINGU MASINIU SAVIZUDYBIU ISTORIJOS

Norveginis lemingas, Ienzmus lemmus

Paplite Siaurés Skandinavijos, Rusijos
tundrose.

Minta Zole, séklomis.

Populiacija smarkiai padidéja kas 3-4
metus. Gyvena 3-4 metus.

Egzistuoja mitas, kad kartais Zvéreliai it
saviZzudZiy banda puola j jurg ir visi
Zusta.



TARALD SELDAL,

BERGEN UNIVERSITY, 1994
CHEMINE AUGALUY GYNYBA
NUO GRAUZIKY

Lemingai minta Siais augalais:
Viksva (Carex bigelowii)
Siauralapis Svylys (Erigphorum atigustifolium).

Jie ginasi nuo grauziky antpuolio nuodais:

Pra¢jus 30 val. po pazeidimo grauziko dantimis, jie sukaupia
didele koncentracija nuodo — virskinima blokuojancio tripsino

slopiklio.

Esant didelet lemingy populiacijai, visa zolé¢ aplinkoje tampa
nuodinga. Todél lemingams tenka masiskai migruoti, daug ju
zuna

Seldal, T. 1994. Proteinase inhibitors in plants
and fluctuating populations of herbivores.

PhD dissertation, Bergen University, Norway.
Seldal, T., Andersen, K.J., and Hogstedt, G.
1994. Grazing-induced proteinase inhibitors:

A possible cause for lemming population cycles
Oikos 70:3-11.




Tridantis kietis ginasi nuo ZolédZiy didindamas toksiniy medzZiagy
(taninai - virSkinima slopinancios medziagos) koncentracija lapuose

:

Artemisia tridentata — tipinis Siaurés Amerikos Sakiaragé antilopé
vakarineés dalies stepiy augalas
https:/ /www.youtube.com /watch?v=Q-4w5xYLwiU  4:38-7:00

Pazeistas besimaitinancio Zzolédzio augalas greitina toksiniy medziagy sinteze;

Fermoje aptverus antilopéms nedidelj plota, jos priverstos ésti vis tos pacius
augalus. Toksiny gali padaugéti taip, kad sukeliama gyvuny mirtis.


https://www.youtube.com/watch?v=Q-4w5xYLwiU

KITI GYNYBOS BUDAI:
SPYGLIAI
PRITRAUKIAMI VABZDZIAEDZIAI GYNEJAI - SKRUZDELES ARBA PARAZITOIDAI

Sveikas augalas negamina skruzdes viliojancio
nektaro, tik pazeisti augalai sudaro ,liaukutes®

Cheminé augaly gynyba yra daug sudétingesné: Informacija apie augalo ,,skriaudikus*
perduodama per atstuma kitiems augalams, vabzdZiams - tai yra komunikacija



Baldwin IC, Schultz JC. Rapid Changes in Tree Leaf Chemistry Induced by Damage:
Evidence for Communication Between Plants. Science 1983, 221 (4607), 277-279.

Siltnamyje atlikti eksperimentai su tuopomis Populus tremulair cukriniais klevais Acer saccharum.
A. Dalis augaly pazeidziami nuplésiant 7 proc. lapy;

B. Nepazeisti lapai yra siltnamyje, iS kurj pasiekia oro srové is A siltnamio

C. Kontroliniai augalai - Siltnamyje, kurj pasiekia oro srové is tuscio Siltnamio

A. Pazeisti augalai ~ B. bandymo augalai
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C. kontroliniai augalai

Rezultatai (po 36-52 val.):
e pazeisty augaly fenoliniy junginiy koncentracija padidéja
» tik B grupés augaly fenoliniy junginiy ir taniny koncentracija padideja!!!

"Talking trees,, - augalai informacijq perduoda kitiems augalams (ir ne tik...),
kurie pasirengia gynybiniam atsakui - pripratinimas (priming) ir kt.



AUGALU KOMUNIKACIJOS BUDAI

|. Chemine komunikacija: daug straipsniu;
ll. Elektrinio signalo perdavimas (augaly elektrofiziologija);
lll. Akustineé komunikacija: nedaug patikimy straipsniu:

R. M. Klein and P. C. Edsall. On the Reported Effects of Sound on the Growth of Plants BioScience Vol. 15, No. 2, Biotelemetry,
1965, pp. 125-126

Jeong MJ, Shim CK, Lee JO, Kwon HB, Kim YH, Lee SK, Byun MO, Park SC (2004) Plant gene responses to frequency-specific
sound signals. Mol Breeding 21:217-226. doi:10.1007/s11032-007-9122-x

Telewski FW (2006) A unified hypothesis of mechanoperception in plants. Am J Botany 93:1466-1476.
doi:10.3732/ajb.93.10.1466

H. M. Appel - R. B. Cocroft Plants respond to leaf vibrations caused by insect herbivore chewing,. Oecologia (2014) 175:1257 -
1266

Labai daug meggjisky straipsniy



AUGALU ISORINES KOMUNIKACIJOS SCHEMA

VabzdziaédZiai

\?}“ﬁ“ﬂm '

/\ AntZeminé dalis
Augalas

‘\I,Oien]iné dalis
4 Augaly augimg| [Mikorizés grybai
skatinancios
‘rizobakterijos

Vabzdimédilai

TRENDS in Plant Science



CHEMINE AUGALU KOMUNIKACIJA

Seniai Zinoma, kad spalva, nektaras, kvapas augalams padeda pritraukti vabzdzZius
apdulkintojus
Kvapati, lakios organinés medziagos ir saviti jy misiniai yra svarbiausias augaly bendravimo oru
budas — informacija perduodama tarp:
* Skirtingy vieno augalo daliy,
* tarp tos paclos rusies 1r tarp skirtingy rusiy augaly;
* tarp augaly ir kity karalijy organizmuy — vabzdziy, gryby, bakterijy.
Cheminés medziagos svarbios ir pozeminés augaly dalies bendravimui, kuris vyksta su
dirvozemio bakterijomis, grybais, vabzdziais ir kitais augalais.
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In & study of 13 sefecied placental mammaly, slephants wees found to have the most genes

ELEPHANTS SMELL BETTER THAN RATS

SOURCE. FODM0 NEMERANMVENET Y OF 10N
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http:/ /www.livescience.com/46935-elephants-ctowned-top-
smellers-among-selected-mammals-infographic.html
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figure is not always a good indication of overall sense of smell. Adog's nose, for instance, is superiorto a

The number of different types of scent receptors processed by each species varies very widely. But this
rat’s, despite having a third fewer receptors

Fruit fly

Honey bee

Dog

Rat
http:/ /www.newscientist.com/articleimages/mg21128301.800/1-the-unsung-sense-how-smell-

rules-your-life.html



ARTIMIAUSIOS AUGALAMS GYNYBINES
KOMUNIKACLIOS PAVYZDZIAl




AUGALAI | ATMOSFERA ISSKIRIA IVAIRIU LAKIU ORGANINIU MEDZIAGU
VOC - VOLATILE ORGANIC COMPOUNDS (1700-3000 JUNGINIU);

- a2

1000 tera-gramy anglies
terpenoidy per metus

roziy vainiklapiy aliejus sudaro
~0.02-0.03% augalo svorio
Siy medziagy susidarymas
priklauso nuo augalo bukles.

Dalis VOC skKirti informacijai
perduoti
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Qualley, A. and Dudareva, N. 2010. Plant Volatiles. eLS.



PLANTS TALK. PLANTS LISTEN. HERE'S HOW

ROBERT KRULWICH/NPR http:/ /www.radiolab.org/story/plants-talk-plants-listen/

Plants speak in a chemical vocabulary we can’t directly perceive or
comprehend
Cheminés augaly kalbos mes negalime tiesiogiai ,,girdéti ir suprasti‘

https://www.youtube.com/watch?v=vk-12s7tB_Y



SVARBIAUSIOS VOC KLASES

CO,, 0,, H,0, (hormonai C,H,, jasmonatas)
Terpenoidai (C,, ir C45 );
Zaliy lapy lakis junginiai, riebaly ragséiy dariniai
(Cs aldehidai, alkoholiai ir esteriai - lipoksigenazes produktai);
Fenilpropanoidai/benzenoidai
Aminorugséiy dariniai



Representative structures of different volatiles released from plants

OH
)\/ o g
COOCH,
Myrcene Linalool Menthone  Limonene Pinene Carene
Acyclic Monocyclic Bicyclic
Isoprene ' OCH, OCH,
monoterpenes monoterpenes monoterpenes

OH OCH, OH OCH,
Methylcinnamate Chavicol Methylchavicol Eugenol Methyleugenol
OH
0 OH
OH
; . : s 2 PRSP OCH OCH,
B-farnesene Nerolidol Bisabolene  Zingiberene Caryophyllene  8-Cadinene o SO
Acyclic sesquiterpenes Monocyclic sesquiterpenes / :
y s P y q P Blcyclic sesquiterpenes Isoeugenol Methyl-isoeugenol  Phenylacetaldehyde Phenylethanol Benzylalcohol
p ) C OCH, 0, OCH, 0
w /\Q
i
4,8-dimethyl-1,3E 8- 4,8, 12-trimethyl-1 3E7E I |-
Cedrene a-Santalene dimethyl 7 DMNT idecatetracne (TMTT :
imethylnonatriene (DMNT) tridecatetraene ( ) Benzylacetate Benzaldechyde  Methylbenzoate  Methyl salicylate Phenylethylbenzoate
Tricyclic sesquiterpenes Homoterpenes

Phenylpropanoids/Benzenoids

Ej(.,,)\ 6?: o */Y lakUs fenilpropanoidai ir benzenoidali

OH
B-tonone Dihydroactinidiolide 3-methy! butanol 2-methylpropyl acetate
Volatile Carotenoid Derivatives Volatile Amino Acid Derivatives
f\/\u /,/\/\D“
(Z)-3-hexenal (Z)-3-hexen-1-o0l

Volatile Fatty Acid Derivatives

izoprenoidai, amino-ragsciy ir riebaly ragsciy dariniai



SVARBIAUSIOS VOC FUNKCIJOS

Reprodukcija: pritraukia apdulkintojus,

Apsauginé (nuo patogeny, kenkejy, karscio, oksidacinio streso);
Signalo perdavimas (tarp augalo organy ir tarp augaly, tarp augalo ir kenkéjy
biologiniy priesy)

.o —’ Signal
Alelopatija
. FE Pollinators Parasite/predat +/-  Attraction/repellence
Pripratinimas e oo
+T * \ ——p  Foods on/preys on
Volatile-induced
T . ) GOt + Herbivore o e deknse response
Y k" ';J ) o 7% % -===9  Deknse against pathogens
Antifungal/ ‘__v}' iy %" Elicitation/
antimicrobial = T SN P "A\ . Priming
Sy : ‘l\.

Seed
disseminators

|\ = %/"
A Allelopathy f

\

Antifungal/ &~ "/#." L /L{/_L =

antimicrobial / e \ “
Herbivore

N. Dudareva et al. Plant Volatiles: Recent Advances and Future Perspectives. Critical Reviews in Plant Sciences, 25: 417-440, 2006



(€)-p-farnesene Chrysanthemum cinerarigefolium Mechanical wounding, laboratory
o,
| J/\
voc plant species ecological context . /}\
(2)-3-hexenal Chrysanthemum cinerariaefolium Mechanical wounding, laboratory ¢ ey " \';u‘
e
/(\/\o Methyl salicylate (MeSA)  Nicotianatabacum, Mechanical wounding, UV radiation,
- . . Arabidopsis tholiana, exposure to pathogens {Pseudomonas
(2)-hexenal Zea mays Mechanical v{oundlng and herbivory Phoseolusiunatus, syringae, tobacco mosaic virus),
(caterpillars), laboratory Populussimonii x Populuspyramidalis laboratory and field
(E)-2-hexenal Chrysanthemum cinerariaefolium, Mechanical wounding and herbivory
Artemisia tridentata(as emitter), (spider mites), field and laboratory OH
—— Nicotianaattenuata(as receiver),
ANATNTN Phaseoluslunatus Methyl jasmonate Artemisia tridentate {as emitter), Mechanical wounding, UV radiation,
(Mela) Lycopersicomesculentum|as receiver), laboratory and field
2 (2)-3-hexen-1-ol Chrysanthemum cinerariaefolium, Mechanical wounding and herbivory o "mzo":;_s“mas veceiver],
® Zea mays, (leafminers, caterpillars, spider mites), frab Y 7 gt
S Phaseoluslunatus, laboratory Ll \J/ Populissimonii x Popukrspyramidalis
E & OH Arabidopsis thaliana,
c o=
g (2)-3-hexen-1-yl acetate  Zea mays, Mechanical wounding and herbivory /O
Chrysanthemum cinerariaefolium, (caterpillars, spider mites), laboratory
] 2 " -
Arabidopsis thaliana, - o i et
/Lk AN Populusdeltoides x nigra, et Zga s £ e “Ea' W e o v
neo o oy o Ribesnigrum({as emitter), (caterpillars, alphids), laboratory
Phaseoluslunatus Viciafak
(2)-3-hex-3-enyl acetate  Phaseoluslunatus Herbivory (beetles), laboratory and field
n o —
e /\=A/ L f
T
Several GLVs Triticumaestivum, Mechanical wounding and herbivory & Ethylene Alnusglatinoss, Defoliation, plants p——
5 2 , growing in high
Avenasativa, (Oelemamelanopus, beetles), laboratory £ Nicotionatobacum densities, field and laboratory
Hordeumvulgare HE = CH,
ocimene Phaseoluslunatus (as emitter), Herbivory (leafminers), laboratory 4
Arabidopsis thaliana (as receiver) Methanol Nicotianabenthamiana Mechanical wounding, laboratory
(E)- B-ocimene Phaseoluslunatus, Herbivory (spider mites), defoliation,
oy o Alnusglutinosa laboratory and field H
H—(}—OH
CH
e H
(3E)-4,8-dimethyl-1,3,7-  Phaseoluslunatus, Herbivory (leafminers, spider mites), Methacrolein Artemisia tridentata(as emitter), Mechanical wounding, laboratory and
nonatriene (DMNT) Arabidopsis thaliana (as receiver), defoliation, laboratory and field Nicotianaattenuata(as receiver) field
Alnusglutinosa
§ CHy )\70
a Hy Hy
E: - Benzothiazole Populussimonii x Populuspyromidalis Mechanical wounding, laboratory
(3E,7E9)-4,8,12- Phaseoluslunatus, Herbivory (leafminers, spider mites), N\
trimethyl-1,3,7,11- Arabidopsis thaliana (as receiver), defoliation, laboratory and field S>
tridecatetraene(TMTT) Alnusglutinosa
& Nonanal Phaseolusiunatus Exposure to pathogen (Pseudomonos

syringae), laboratory and field




Mancuso:
Plant has three thousand chemicals in its vocabulary,

while the average student has only seven hundred words.”
Methanol

Methylated Storage in trichomes
Pectin derivatives Emission or osmophores
methylesterases f N 4
» Cell wall Pectin — / \ T
Cytosol Salicylic acid _/ Transport or \\
Jasmonic acid diffusion to \
N\ Oxidation/reductation\ cell surface
» Methylketones hydroxylation
& methylation
Aldehydes acylation reactions
> Monoterpenes S
Famesyl _____, gesquiterpenes
pyrophosphate
Diterpenes Storage in
> Carotenoids > membranes
Phe » Phenylpropanoids or oil bodies
L Benzenoids J
//' (De-)conjugation

trans-Cinnamic

Transcription
acid

,’ - >’\factors
\Nucleu; | Peroxisome
<

Amino acids
methionine

7/
\ Y
\ Ethylene
\ 1-amlno-cyclopropano-1-Sarboxyllc acld receptor
S \

\ Ethylene _./

Tyrimy {ranga: https://www.youtube.com/resultsPsearch_query=plant+volatiles




KIEK IR KOKIU BVOC (BIOGENIC VOLATILE
ORGANIC COMPOUNDS)
AUGALAI ISSKIRIATATMOSFERA?

Tg yra 10 g arba 10° tony

Izoprenas 50%

Metanolis, etanolis, 30%
acetaldehidas,
acetonas, pinenai,
ocimenas, limonenas,
etenas, propenas
Terpenoidai (~20 17%
monoterpeny ir
seskviterpenuy)

100 kity junginiy 3%

Tropiniai midkai uZima 18% Zemés pavirsiaus;
juy emisijos sudaro 80% terpenoidy emisijy ir
50% kity BVOC emisijy. Kity misky jnasas -
~10% visy emisiju.

Guenther, A. B. et al. “The Model of Emissions of Gases and
Aerosols from Nature Version 2.1 (MEGAN2.1): An Extended and
Updated Framework for Modeling Biogenic Emissions.” Geoscientific
Model Development 5.6 (2012): 1471-1492.

Table 6. Global annual total emissions simulated for the year 2000

using MEGAN2.1 algorithms in CLM4.

Compound

Compounds

Emissions

Class (Tgyr™ 1)
Isoprence [soprene 535
o-Pinene a-Pinene 66.1
t-f-Ocimene t-f-Ocimenc 19.4
B-Pmene f-Pmene 18.9
Limonene Limonene 11.4
Sabinene Sabmene 9.0
Myrcene Myrcene 8.7
3-Carene 3-Carene 7.1
Other Monoterpenes  Camphene 4.0
p-phellandrene 1.5
Terpinolene 1.3
Additional 31 monoterpenes 14.9
w-Farmesene w-Farnesene 7.1
B-Caryophyllene fi-Caryophyllene 74
Other Sesquiterpenes  f-Farnescene 4.0
a-Humulene 2.1
«-Bergamotene 1.3
Additional 27 sesquiterpenes 7.1
232-MBO 232-MBO 2.2
Methanol Methanol 99.6
Acetone Acetone 43.7
Bidirectional VOC Ethanol 20.7
Acetaldehyde 20.7
Formaldehyde 5.0
Acetic acid 3.7
Formic acid 3.7
Stress VOO Ethene 26.9
cis-3-hexenal 49
DMNT 49
cis-3-hexenol 2.9
Additional 11 stress VOC 7.8
Other VOC Propene 15.8
Butene 8.0
Homosalate 2.0
Geranyl acetone 0.8
Additional 45 other VOC 5.5
Total VOC Sum of 146 VOC 1007
CO cO 81.6
Total VOC and CO 1089




VOC atbaido ant augaly kiausinélius dedancius ZolédZius vabzdZius

Wang H, Guo WE, Zhang PJ, Wu ZY, Liu SS: Experience-induced habituation and preference
towards non-host plant odors in ovipositing females of a moth. | Chem Ecol 2008, 34:330-338.

Plutela xylostella

Chrysanthemum morifolium

Kandys nededa kiauSinéliy ant chrizantemos, nes chrizantema iSskiria monoterpenus,
del kuriy kandis net nebando maitintis Siy chrizantemy lapais



AUGALAI APGAUDINEJA VABZD
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Orchideja Ophrys speculum apsimeta vapsvos
Campsoscilia ciliata patele - jos forma ir spalvos
labai panasios, skleidzia Sios rusSies pateliy

feromona.

Vapsvy patinéliai
uoliai vaisina tariamas :
nuotakas ir pernesa
orchidéjos ziedadulkes

nuo vieno ziedo ant
Kito...

https:/ /www.youtube.com/watch?v=7ZswVjGQo6fk
https:/ /www.youtube.com/watch?v=yF{ftHXbjEQA
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rspb.royalsocietypublishing.org

Kin recognition affects plant
communication and defence

Richard Karban!, Kaori Shiojiri®, Satomi Ishizaki®', William C. Wetzel?
and Richard Y. Evans®

lDepamm:m of Entomology, *Center for Population Biology, and ;Departmem of Plant Sdence,
University of Califoria, Davis, (A 95616, USA

2013 m: .
Uzpulti Zolédziy kieciai perduoda kitiems augalams
cheminius signalus (isskiria apie 100 VOC) , kurie
suaktyvina gynybinius mechanizmus ir padidina kito
augalo atsparuma (priming).

Taciau VOC signalo informatyvumas tuo didesnis, kuo
artimesni genetiskai augalai (pvz., tas pats klonas).

Jack Shultz. Univ. Missouri — tobulina ,mechanines
nosies" prietaisg, kuriuo bity galima nustatyti, kuriuos is
sodo augaly uzpuolé kenkéjai ir batina purksti



TIESIOGINE GYNYB
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PLANT RESPONSES TO INSECT HERBIVORY: The Emerging Molecular Analysis

Andr'e Kessler and lan T. Baldwin, Annu. Rev. Plant Biol. 2002. 53:299—328

Ian Baldwin and his team set up equipment in the Utah desert to monitor
wild tobacco's chemical defenses against enemies like caterpillars
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NETIESIOGINE GYNYBA
Augalai gynybai naudoja triju lygmeny trofines (tritrofines) saveikas

WL
4 Ny

Parazitoidai &grobuonys

Zolédziai 9
Augalai

https://www.youtube.com/watch?v=nZZyJQNmOV8



NETIESIOGINE GYNYBA

(a) Jasmonic acid burst

— Wound +FAC
== Wound

Jasmonic acid (ng g'FW)

+ Ant lapy yra nektaro pilnos trichomos, kurias paZeidusi
lerva iSkvépinama parazitoidus viliojanciu nektaru

Time after treatment (h)
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===y [iti tabako augalai didina nikotino kiekj ir atsparuma



Caffeine in Floral Nectar Enhances a Pollinator's Memory of Reward
G. A. Wright, D. D. Baker, M. J. Palmer, D. Stabler, J. A. Mustard, E. F. Power, A. M.
Borland, P. C. Stevenson, Science 2013: 1202-1204.

Kafeinas veikia biCiy neuronus ir
gerina ilgalaike atmint;: jos ir vél
atskrenda ten, kur auga

kavamedziai

Caffeine improves the memory of bees who
visit coffee plants. Caffeinated nectar makes
honeybees remember odors better, and
caffeine was linked to the neurons

associated with the bees’ long-term memory.

Bités gali tapti kofemanémis
Some animals despise the taste of the caffeine in plants’ leaves and

beans, but honeybees like the caffeine and might even become
addicted.



Flower weaevil
-anyl)-
Thynine wasp

The Plant Journal (2019) 100, 892-907

The role of volatiles in plant communication

Harro Bouwmeester™* (1), Robert C. Schuurink’, Petra M. Bleeker’ and Florian Schiest? Cockshater lmva

Figure 2. Communication betwaen plants and other organisms. {a) Flowers of Caladenia plicata emit {S)-fi-citronellol as attractant of pollinator thynnine wasps
{Bohman er al., 2018a). (b) Carludovicoldeae plant species emit the unusual 3-methylen-2-{pent-2{2)-enyil-cyclopentanal to attract flower weevils (Teichert et al.,
2018). (c) Cockchafer larvae feeding on roots of Populus spp. induce the emission of monoterpanes such as 1,8-cinecle, which has an inhibitory effect on
Phytophtora cactorum {Lackus et al, 2018). (d) Rhizobacteria can stimulate root growth and induce resistance through the production of volatiles such es
3-hydroxy-2-butanone {acetoin) and dimethyl disulfide, respectively (Fincheira and Quiroz, 2018). (&) Upon infection and/or herbivory, plants emit for example
|2)-3-hexenol, (A-3-hexenyl acetate and methy! salicylate. Raeceiver plants show remarkably specific responsas to these volatiles (Park et al, 2007; Sugimoto
er al, 2014; Cofer et al, 2018b; Erb, 2018; Hu &t al,, 2018b). {f) (E}-f-caryophyllene repels HLB transmitting Diaphorina citrl. Naturally | E}-fi-caryophyllene emit-

ting plant species such as guave, the use of {E)-j-caryophyflene dispensers and metabolic engineering of {El-f-caryophyliene production can patentially be used
to protact citrus trees against HLB {Mafra-Neto et al., 2013; Alquézar at al, 2017).



KENKEJU BIOLOGINIY PRIESY PRITRAUKIMAS

Persimono medis, puolamas japoninio skydamario, gamina metiljasmontatg (MeJa), kuris lemia
23 cheminiy junginiy iSskyrima (tarp jy daugiausiai terpenoidy, ypac - a-pineno).
ISskiriamos medziagos pritrauka boruzes.

Zhang, Y., Xie, Y., Xue, J., Peng, G. & Wang, X. 2009, Environmental Entomol



Pozemine komunikacija:

Resursy Vanduo, Anglis: CO,
pasisavinimas Mikro ir makroelementai Sviesa
Strukturos |sitvirtinimas dirvozemyje Teikia pavirSius fotosintezei
Atsargy saugojimas (vandens, - lapai, perikarpas;
gumbavaisiai) Palaiko lapus, vaisius,
Ziedus;

Atsargos (sukulenty)

Reprodukcija Nelytiné - Sakny fragmentai, Lytiné - séklos, sporos;
gumbaviaisiai Nelytiné - pumpurais,
stolonais, Sakniastiebiais,
svogunéliais

Saknis pazeidziangiy kenkéjy poveikis augaly biklei gali bati >>nei
uglius pazeidziancCiy kenkeéjy.

Saknyse veikia konstitutyvi ir indukuota, tiesioginé ir netiesioginé
cheminé gynyba nuo Saknis pazeidzianciy kenkéjy.

Kenkeéjy poveikiui susvelninti Saknyse gali bati taikoma ir kitokia
gynybos strategija — tolerancija, pasisalinimas.

Sakny kenkéjai sukelia sisteminj indukuotg vir§Zzeminés augalo dalies
atsaka, kuris lemia pozeminés ir virSZzeminés to paties augalo dalies
kenkejy sgveikas

Nicole M. van Dam. Belowground Herbivory and Plant Defenses. Annu. Rev. Ecol. Evol. Syst. 2009. 40:373-91



Augalai | dirvozem;j isskiria organines medziagas
(rhizodeposition)

Dél trinties
» Lagstelés ir Igsteliy nuolauzos

Organines medziagos isskiriamos iS gyvy lasteliy:
* Didelés molekulinés mases:

- gleivés (polisacharidai & polyuronortigstys)

- fermentai
 Mazos molekulinés maseés:

- cukrils
- organines rugstys
- aminorugstys
- fenoliatai
- kiti
CO, (silpna ragstis), H* - iSskiriamas mainais | katijonus




SAKNU EKSUDATAI

Jauni augalai isskiria per 30% fotosintaty (organiniy
medziagy);

Vyresni augalai iSskiria 5-21% fotosintatuy;

Sios medziagos Zenkliai keigia dirvozemio savybes ir struktira,
biologijg ir ekologija;

Jos svarbios simbiozei, komunikacijai, gali tureti fitotoksinj
(alelopatija), antimikrobinj, antibiotinj, insekticidinj, hormininj
poveikj.



ISskyrimo vietos

Root

lmllll““”“““l'lllmum

Mazos molekulinés

masés medziagos
Root exudates

gleives

Organinés medziags svarbios
mineraliniy medziagy
pasisavinimui, nes didina jy
tirpouma




Svarbiausi augaly sakny eskudatai

Cukrs Amino riigstys Organinés  Kiti Baltymai/
ragstys fermentai

Glukozé Leucinas Oksalatas Flavonai Invertaze
Fruktozé |zoleucinas Malatas Adeninas Amilazé
Maltoze Valinas Acetatas Guaninas Proteazes
Galaktoze Aminosviesto riigstis Propionatas  Skopoletinas Peroksidazés
Ribozé Glutaminas Sviesto rugstis Cianogenas
Ksiloze Alaninas Valerinatas ~ Flavonglikozidai
Ramnozé Asparaginas Citratas Cinamo rugstis
Arabinozeé Serinas Sukcinatas Chlorogeniné rugstis
Rafinoze Glutamatas Fumaratas
Oligosacharidai  Aspartatas Glikolatas

Glicinas

Fenilalaninas

Treoninas

Tirozinas

Lizinas

Prolinas

Metioninas

Cistationas



VIENA MEDZIAGA GALI TURETI DAUG FUNKCIJU
Pvz., Centaurea maculosa (spotted knapweed) iSskiria daug eskudaty, tarp jy — katechinas

(il
HO O _‘\\\ OH

OH

Stiprus fitotoksinas - padeda konkuruoti su kity rusiy augalais;

Slopina C. maculosa sékly daiguma (autoslopinimas) - reguliuoja populiacijos tankj;
(+)-katechinas turi antibakterinj ir fungicidinj poveikj;

(-)-katechinas turi nematocidinj poveikj;

(+)-katechinas yra stiprus metaly chelatorius ir didina fosforo ir mikroelementy
pasisavinamuma.



Mikroorganizmai kaupiasi isilgai sakny
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Microorganisms Dirvozemio mikroorganizmai naudoja
f augaly sakny isskiriamas medziagas.
z
!
!r

Mikroorganizmai gali bati:

A Naudingi: pvz. gerina maisto medziagy

P prieinamuma;
Root exudates 1111l 111 ; 3
~ zalingi: konkuruoja del maisto medziagu,

sukelia sakny ligas.

Jie sudaro rizosferos MO bendrijas

gleives




R. Mendes, P. Garbeva, J, M. Raaijmakers.
The rhizosphere microbiome: significance of plant beneficial,plant pathogenic, and

human Rathegenic microorganisms. FEMS Microbiol Rey 37 (2013) 634-663

[Growth & development]  [Nutrient acquisition ]
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4 j ! . The functions and impact of plant beneficial (‘the good’),
Overview of (micro)organisms present in the plant pathogenic (‘the bad’), and human pathogenic

rhizosphere zoo. microorganisms (‘the ugly’) on the host plant.

The circle’s size, except for VIRUSES, is a measure of the average  The terms ‘the good’, ‘the bad’, and ‘the ugly’ are arbitrary as
number of genes in the genomes of representative species of each  microbial species may be beneficial or deleterious depending
group of organisms; the size (or size range) of their respective on its abundance. For example, also plant pathogenic and
genomes is indicated between parentheses. For each of these human pathogenic microorganisms may influence several of
(micro)organisms, the approximate numbers for their abundance are the functions depicted for the plant beneficial microorganisms.
indicated between square brackets. The endophytic microorganisms,
including endosymbionts, are not included.



MAISTO MEDZIAGU TIEKIMO. PGPR - PLANT GROWTH PROMOTING RHIZOBACTERIA

Farag, H. Zhang, C-M Ryu Dynamic Chemical Communication between Plants and Bacteria through Airborne Signals:
Induced Resistance by Bacterial Volatiles. ] Chem Ecol (2013) 39:1007-1018

Tam tikri bakterijy kamienai: Bacillus subtilis GBO3,
Bacillus amyloliquefaciens IN937a, Paenibacillus
polymyxa E681, Pseudomonas chlororaphis 06
iSskiria lakias medziagas, kurios skatina augaly
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Fig. 2 Chemical classes of volatiles released from plant growth- bold, including 2.3-butancdiol, acetoin, and tndecane, represent
promating rthizobactenia (PGPR) strains Bacillus subtilis GBO3, biologically active VOCs that tnigger secondary responses in planta
IN973a, and E681, including alcehols, aldehydes, esters, hydrocarbons, and are discussed in the review

sulfur compounds, cthers, ketones, and acids. Structures highlighted in



ApZvalga:

R. L. Berendsen, C.M.]. Pieterse, P.A.H.M. Bakker. The rhizosphere microbiome and

plant health. TIPS, 2012, 17, 478-486.

Dirvozemio mikrobiotos bendrija — didziausias 18
zinomy biologinés jvairovés rezervuary: rizosferoje
gali buti iki 10 mikroorganizmy (MO) lasteliy/g
Sakny ir >30 tiikst. prokarioty risiy;

Augalai aktyviai daro jtakg Sakny mikrobiomai, j3
formuoja, nes Sakny eskudatai gali skatinti ir
slopinti tam tikrus MO. Augalai iSsirenka i§ bendros
dirvos (bulk soil) specifinius MO, kuriems sudaro
salygas klestéti jy rizosferoje.

Toje pacioje dirvoje auganciy skirtingy rusiy augaly
rizosferos MO bendrijos daznai skiriasi, ir net tos
pacios rusies skirtingo genotipo augaly rizosferos
MO skiriasi. Skirtingas tos pacios riisies kultivary
polinkis ligoms gali biiti aiSkinamas nevienodu
gebéjimu pritraukti naudingas bakterijas.

Pvz., kukuriizai iSskiria 2,4-dihidroksi-7-metoksi-
2H-1,4-benzoksazino-3(4H)-ong (DIMBOA), kuris
slopina daugeli MO, bet chemotaktiskai traukia
jiems naudingo Pseudomonas putida kamieno MO.

Augaly i$skiriami N-acil-homeoserino laktonai
padeda jiems manipuliuott MO bendrijy nariy geny
raiska.

Infekcijy metu rizosferos MO bendrijos pakinta:
augalai gali pritraukti ir veikti jiems naudingus MO,
kurie kontroliuoja MO - augaly patogenus, kai Sie
infekuoja augala.

Piant-palhogenic
microorganisms
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Vir§zeminés augalo dalies kenkéjy (baltasparniy ar amary)
atakos arba lapy MO infekcijos pritraukia naudingy MO ir
padidina augaly atsparuma patogenams

Vir§zeminé augalo dalis komunikuoja
su Sakny MO bendrijomis



T. Rudrappa, K.J. Czymmek, P.W. Pare, H.P. Bais Root-Secreted Malic Acid Recruits Beneficial Soil Bacteria,

Plant Physiology, 2008,148,1547-1556,

Uzkrétus baltaziedj vairenj (Arabidopsis thaliana) lapy patogenu

P. syringae DC3000

Pseudomonas syringae pv tomato (Pst DC3000), skaitinama =

malato neSiklio raiSka ir didéja malato iSskyrimas ] rizosferg.

Malatas rizosferoje pritraukia (chemotaksis) naudingas
rizobakterijas Bacillus subtilis FB17 ir skatina jy plévelés
susidarymg ant Sakny.

Bacillus subtilis FB17 didina A.thaliana atsparumg patogenams signaling
ir gamina antibiotikus pries pesudomong, kurie per Saknis

patenka j lapus.

CFUs10%) g" Root FW

Intra-plant : N Defense response & disease
long-distance resistance
N
ATALMT1 Induced systemic
malate resistance (ISR)

transporter

Malate secreﬁk

Chemotaxis /
root binding

ud g
B. subtilis FB17

,,Pagalbos Sauksmas‘ veiksmingas ir po Zeme...



KIEK KUKURUZU GENU >X2 KEICIA RAISKA, ANT LAPU UZDEJUS
20 SPODOPTERA LITTORALIS LERVUCIU?

Induction: 209 \ E

Supression: 3

Overlap: 0

Induction: 168

Supression: 201

M. Erb, C. Lenk, J. Degenhardt, T C.J.Turlings. The underestimated role of roots in defense against leaf attackers.
TIPS, 2009, 14, 653-659.

Tai tik jvykiy grandinés pradZia. UZpulti ar uzkrésti augalai pradeda iSskirti i§ Sakny
medZiagas, keiCiancias rizobakterijy geny raiska.



Siaurés Amerikos kukuriizy kenkéjo Diabrotica virgifera virgifera lervos
sukelia didZiulius derliaus nuostolius. Siuo metu plinta Europoje.

Taciau europinés kukuriizy veislés i1Slaikeé gynybini mechanizma, kurj
amerikietiSki kultivarai selekcijos metu prarado. Nature, 2005, 434 732-737. §

Recruitment of entomopathogenic
nematodes by insect-damaged
maize roots

Bergfe Sasmenn | Tobies G Kilmey | Moy Dogentuardt | dven Sitpedd | Siefas Toopher , Uil Nutvimans | Josiiban Sershenioon
B Tet £ 4 Terbogs

Ted CJ Turlings grup¢ nustate, kad tik lervy infekuoto 10 d. kukurtizo daigo Saknys iSskiria
daug seskviterpeno (E)-B-kariofileno, kuris pritraukia entomofagines nematodas,
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Pozeminé augaly sgveika su rizobakterijomis keiCia augaly virSZzeminés dalies saveika su
filobakterijomis ir fiziologinius vyksmus

A. Sveiko augalo ziotele

B. Sveiko augalo, kurio Saknyse gyvena
naudinga B. subtilis FB17, ziotelés labiau
uzsiveria

C. Augalo, kuriom lapai apkrésti patogenine
PstDC3000, ziotelé

S0y 2mmtoncsen 100 g Wm0 s ammat oo e 2wt (28 D. C+I'B saknyse

RN |
S4700 3 (K 7.5 x4 00k SEIM) 122311 S4700 3 0kV 8 Omm w4 00k SE{V) ARVN0

A. S. Kumar and H. P. Bais. Wired to the roots. Impact of root-beneficial microbe

interactions on aboveground plant physiology and protection. Plant Signaling & Behavior
7:12, 1598-1604, 2012;



POZEMINE KOMUNIKACIJA:

Cheminé informacija: Sakny eskudatai veikia
bakterijas, grybus, kitus augalus ir gyvlnus.

Fjo kOjomIS ‘&z ‘

augéolal kalba




GRYBU INTERNETAS

"WOOD WIDE WEB,, OR
,NATURAL EARTH INTERNET*

Jungia daug jvairiy rusiy
nutoliusiu individu, uztikrina
ne tik maisto"wood wide

« Jau apie 1960 m. zinoma, kad grybai

web" medziagy, bet ir kKitos  padeda augalams augti.

informacijos perdavima, . .Apie 90 proc. augallq su gwbais §ud§ro
abiems puséms naudingg tinklg: mikorize
Augalai grybams teikia sacharidus;

Gali buti panaudojamas Grybai augalams — vandenj ir mineralus (P, N)

,nhusikaltimams®,

bendravima

Sagveika su grybais jjungia augaly imunine
sistema (priming), nes sukelia gynybiniy
medziagy sinteze ir iSskyrima.

Tai didina augaly atsparumg ligoms.

http://img.theepochtimes.com/n3/eet-content/uploads/2014/12/08 /Screen-Shot-2014-12-08-at-11.18.37-AM.png



1997 m. Suzanne Simard (Kanada) nustate, kad
Didzioji poctligeé ir popierzievis berzas perduoda
vienas kitam organinius junginius gryby miceliu
https://www.youtube.com/watch?v=breDQgrkikM
Véliau kiti mokslininkai jrodé, kad taip tarp medziy
perduodamos N ir P medziagos.

Simard: gryby tinklais didesni ir stipresni medziai
padeda augti jaunesniems, Sesélyje augantiems
medziams

Ji su doktorantais panaudojo izotopus tirti maisto

medziagy perdavimo srautams tarp medziy ir nustate,

kad gryby tinklas didina mazy medziy islikimg, ypac

esan_t sausral (publlk.v2010 m.) f "nn 30x30 m, Zali medziai, B

Pocugés padeda berzams rudenj ir pavasarj, kai jie taskai - grybiena,

neturi lapu. melsva ir rozine spalva pazymeti ggnetiSkai skirtingos
f & f g1, ! i grybienos plotai

—Gryby tinklas mazina klimato pokyc¢iy jtaka ekosistemai

http://www.botanicalgarden.ubc.ca/potd/2010/03/mycorrhizal_networks.php


https://www.youtube.com/watch?v=breDQqrkikM

MICELIU PERDUODAMI INFEACIJU PAVOJAUS SIGNALAI

2010 m. Ren Sen Zeng (Kinija) nustate,
kad pomidorai uzpulti patogeniniy grybu,
iSskiria | micelj medziagas, perspéjancias
kitus augalus ir padidincCias jy atsparumag
infekcijai:

Pomidorai buvo susodinti j puodus poromis taip,
kad tik dalis ju galéjo sudaryti mikorizés
kontaktus;

Komunikacija oru buvo apribota, uzdengus
augalus orui nelaidzZiais maiseliais;

Vienas iS poros pomidory buvo apkréstas
Alternaria solani grybeliu, sukelianciu sauslige;
Po 65 val. buvo uzkrésti pries tai uzkrésty
pomidory porininkai;

Mikorizés buvimas padidino Siy pomidory
atsparuma infekcijai.

(a) Four treatments setup




MICELIU PERDUODAMI SIGNALAI APIE KENKEJU
PAVOJUS

2013 m. Z. Babikova, D. Johnson ir kt.
(Skotija) paskelbé, kad pupos Vicia faba per
mikorizés tinkla perduoda kaimyniniams
augalams signalg apie amary uzpuolima.
Perspétos pupos (tik sudartusios mikorize)
i$skiria amary repelentus ir

amary parazitoidy vilioklius

2014 m. Ren Sen Zeng (Kinija) publikavo,
kad pomidorai uzpulti drugeliu Spodoptera
litura lervy, 1$skiria | micel; medziagas,
perspéjancias kitus augalus ir padidincias ju

Roots / Mycorrhizal fungi % Aphids @@ F———=5cm




KIBERNTETINIAI NUSIKALTIMAI

Maisto vogimas

Orchidéja Gerbenis (Cephalanthera austiniae),
tam tikros kitos orchidéjos visai neturi chlorofilo,
todél negali fotosintezuoti.

Jos ,vagia“ maistg iS medziy per gryby hifus...

https://flowersofmarin.wordpress.com/tag/wildflower/



KIBERNETINIAI NUSIKALTIMAI

Alelopatija — augalai (akacijos, eukaliptai ir kt.) iSskiria j aplinkg chemines medziagas,

stabdancias kity augaly augima.

Alelotoksiny poveikj riboja tai, kad nedidelis jy kiekis turi buti paskleistas dideliame dirvozemio
plote, jie greitai suardomi mikroorganizmuy.

Alelotoksiny perdavimas gryby hifais zenkliai didina jy veiksmingumag

(a) CMN
Yes

E. K. Barto et all, The Fungal Fast Lane: Common Mycorrhizal Networks
Extend Bioactive Zones of Allelochemicals in Soils, Plos One, 2011, 6 (11),
27195 T

NOCMN CMN noCMN CMN  noCMN CMN

a-T (ng) -
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2011 m. K. Barto ir kt. nustaté, kad esant mikorizei su grybais, Smulkiojo serencio Tagefes tenifolia alelotoksiny
tiofeny 5-(3-buten-1-inil)-2,29-bitienilo (BBT) ir a-tertienilo (a-T) poveikio séjamosios salotos (Lactucia sativa)
daigams nuotolis zenkliai didéja — juy koncentracijos esant mikorizei buvo 179% ir 278% didesnés,

O saloty biomasé po 25 d. - 40% mazesné
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H. M. Appel, R. B. Cocroft Plants respond to leaf vibrations caused by insect herbivore
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Labai daug megéjisky straipsniy



H. M, APPEL, R, B, COCROFT PLANTS RESPOND TO LEAF VIBRATIONS CAUSED

TC
BY INSECT HERBIVORE CHEWING. OECOLOGIA (2014) 175:1257-1266:
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Monica Gagliano, Stefano Mancuso and Daniel Robert Towards understanding plant
bioacoustics. Trends in Plant Science, 2012

(a) Jauny kukuruzy daigy Sakny
virsunélés vandenyje linksta link
garso skleidimo saltinio;

(b) Polinkio kampas stipriausias,
esant 200-300 Hz dazniui;

(c) kukuruzy daigy Sakny
skleidziami garsai, uzregistruoti
lazeriniu Doplerio vibrometru:
stipus kliksejimai (matuota
raudona zvaigzdute pazymeétoje
vietoje).
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AUGALU ELEKTRINIU SIGNALY TYRIMU
ISTORIJA

1873 m. Burdon ir Sanderson apraseé elektrinio signalg po Dionaea lapo
dirginimo (eksperimentus paskatino susirasinéjimas su C. Darvinu);

1926 m. Bose uZregistravo elektrinio impulso perdavimg paparcio
laidZiaisiais audiniais;

1930 m. Umrath uZrasé veikimo potencialg su mikroelektrodais, jterptais j
Nitella lgsteles (gyvuny lgstelése tai padaryta 1932);

1950 m. Sibaoka Mimosa pudica registravo panasy elektrinio signalo
plitima, kaip gyvuny nervuose.

1984 m. nustatyti (Schroeder, Hedrich ir Fernandez) augaly Igsteliy jony
kanalai, labai panaSus j gyvunuy;

2006 m. augaly lgstelelése nustatytas neurosiuntiklis acetilcholinas,
signalo neSikliai, kalmodulinas, aktinas

Dar Sanderson (1873), Darvinas (1875) ir Bose (1920) postulavo nervinés sistemos analogo (proto-nervinés
sistemos) buvima augaly organizmuose.

2005-2008 m. eksperimentiskai nustatyta, kad augaly elektriniy signaly perdavimas yra vienas i§ svarbiy augaly atsako
{ aplinkos veiksnius mechanizmy.



KOKIAS FUNKCIJAS ATLIEKA AUGALY ELEKTRINIO SIGNALO PERDAVIMAS?
UZTIKRINA GREITA ATSAKA | ISORINIUS SIGNALUS: ELEKTRINIS SIGNALAS
PLINTA GREICIAU IR DIDESNIU ATSTUMU NEI CHEMINIS:

APLINKOS SALYGY POKYCIAI STRESAS

tamsos/Sviesos ciklai;
temperaturos pokyciai;

Intensyvus Saltis ar karstis;
Mechaniniai pazeidimai;
vandens prieinamumas; Vabzdziai (deda kiausinélius ar €da augala).
prisilietimas;

hormonai. . . AERAY .
Elektrinis streso signalas greitai iSplinta j
tolimesnes augalo organizmo vietas ir uZtikrina

jose atsaka jose | galimus pavojus

Elektriniai signalai per jutikliy sistemas informacijg apie aplinkos parametrus vercia biologine informacija



ELEKTRINIO SIGNALO FUNKCLIOS

Mechaninis
Mechaninis

Saltis, mechaninis
Elektrinis

Elektrinis

Apdulkinimas
Pakartotinis drékinimas
Saltis

Saldymas, elektrinis

Elektrinis
Kaitinimas

Kaitinimas
Kaitinimas
Zaizda

Kaitinimas

AP
AP
AP
AP
AP

AP
AP
AP
AP

AP
VP

VP
VP
VP
VP

Dionaea
Drosera
Mimosa
Chara

Conocephalum

Incarvilea, Hibiscus
Zea

Zea

Luffa

Lycopersicon

Vicia
Solanum
Pisum

Mimosa, Populus

Spasty uzsivérimas, virskinimo fermenty iSskyrimas
Ciupikliai apsupa vabzdj

Valdomas lapy judéjimas

Stabdomas citoplazmos sroviy judéjimas

Skatinamas kvépavimas

Skatinamas kvépavimas
Skatinami dujy mainai
Slopinama floemos pernasa
Slopinamas stiebo augimas ilgyn

Indukuojama geno pin2 raisSka

Skatinamas kvépavimas
Indukuojama jasmono rugsties sintezeé ir pin2 raiSka
Slopinama baltymuy sinteze, susidaro polisomos

Laikinai sustoja fotosintezé



MATAVIMO METODAI (1)

P. OYARCE, L. GUROVICH. ELECTRICAL SIGNALS IN AVOCADO TREES, RESPONSES TO LIGHT AND WATER AVAILABILITY. PLANT SIGNALING &
BEHAVIOR 5:1, 34-41; 2010.
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MATAVIMO METODAI (2)

J. FROMM & S. LAUTNER. ELECTRICAL SIGNALS AND THEIR PHYSIOLOGICAL SIGNIFICANCE IN PLANTS. PLANT, CELL AND ENVIRONMENT (2007) 30,
249-257

Elektrodais Igstelés iSoréje (a);
[terpus vieng elektroda | lasteles
vidu, Kitg jtvirtinus iSoréje (b);

Floemos potencialas matuojamas,
pritaikant amaro stiletg (c), | kurj
imontuotas elektrodas(d). Amaras

pasalinamas lazeriu.




Greitus Mimosa pudica
judesius lemia AP
sklidimas po
mechaninio sudirginimo

https://www.ted.com

[talks/greq gage el
ectrical experiment
s with plants that
count and commu
nicate

(a)

(b)

Copyright © 2005 Pearson Prentice Hall, Inc.


https://www.ted.com/talks/greg_gage_electrical_experiments_with_plants_that_count_and_communicate

KOKIE MECHANIZMAI J| LEMIA
KUOQ JIE SKIRIASI NUQ GYVUNU ELEKTRINIO SIGNALO PERDAVIMO?

Elektrinio signalo susidaryma ir plitimg lemia analogiskos
membraninés sistemos, kaip ir gyvuny organizmuose:
jtampa valdomi jony kanalai ir siurbliai:

AP svarbis K*, Ca2*, Cl- kanalai, VP - P tipo H* -ATPazé.
Na* kanalai maziau svarbus nei gyviiny organizmuose.

Augalai neturi specializuoty Siai funkcijai Igsteliy - neuronu.
Elektrinis signalas plinta tarp lasteliy per plazmodezmas
(AP), arba floemos audiniais (VP).

Augaly elektrinio signalo perdavimas letesnis nei gyvunu:
augaly AP plitimo greitis 10-30 mm/sek.,
astunkojo nervuose - 3 m/sek, zinduoliy - 100 m/sek.,
tacCiau Aloe vera karsGio stresas sukélé AP plitimg 67 m/sek greiciu
refrakcijos laikotarpis augaly ilgesnis
Characeae - 60-150 sek, 6-8 min. Conocephalum,
0,001-0,01 sek. Zinduoliy nervy.



Monica Gagliano, Michael Renton, Martial Depczynski, Stefano Mancuso

Experience teaches plants to learn faster and forget slower in environments where it
matters, Oecologia, 2014, 175, 63-72

Monica Gagliano,

Centre for Evolutionary Biology

The University of Western Australia Mimosa pu dica

Nuolat dirginama krintanCiy vandens laSy mimoza o tam tikro laiko nustoja
reaguoti, jei tai nesukelia tikro pavojaus;

Bandymas buvo atliktas su 56 augalais, ant kuriy krito 60 lasy. Skirtingi
augalai mokosi/|simena nevienodai greitai: vieni hustojo uzverinéti lasus jau 4-
6 lasuy.

Prioratinus augala, toks poveikis iSlieka po ménesio.



2005 m. Florencijoje jvyko pirmasis Augaly Neurobiologijos draugijos suvazZiavimas;

Eric D. Brenner Ramer Stahlberg Stefano Mancuso Jorge Vlvanco
Frantisek Baluska and Elizabeth Van Volkenburgh.

Plant neurobiology: an integrated view of plant signaling
TRENDS in Plant Science Vol.11 No.8 , 20006, 413-419

Augalai geba jausti ir taikliai atsakyti § tvairius aplinkos veiksnius (turt 15-20 jusliy):
Sviesa, zemeés trauka, vandeni, temperatura, divozemio struktura, maisto medziagas,
nuodus, mikroorganizmus, zolédzius, cheminius kity augaly signalus.

Turt egzistuoti augaly informacijos priémimo ir apdorojimo sistema, kuri integruoja
duomenis ir koordinuoja augaly elgsenos atsaka. Cheminio ir elektrinio signalo sistemos

yra nustatytos ir jos homologiskos gyvuny nervy sistemoms. Nustatyti net tokia patys
neurosiuntikliai — serotoninas, dopaminas, glutamatas...



Amedeo Alpi, Nikolaus Amrhein, Adam Bertl, Michael R. Blatt, Eduardo Blumwald,
Felice Cervone, Jack Dainty, Maria Ida De Michelis, Emanuel Epstein, Arthur W.
Galston, Mary Helen M. Goldsmith, Chris Hawes, Rudiger Hell, Alistair Hetherington,
Herman Hofte, Gerd Juergens, Chris J. Leaver, Anna Moroni, Angus Murphy, Karl
Oparka, Pierdomenico Perata, Hartmut Quader, Thomas Rausch, Christophe
Ritzenthaler, Alberto Rivetta, David G. Robinson, Dale Sanders, Ben Scheres, Karin
Schumacher, Herve” Sentenac, Clifford L. Slayman, Carlo Soave, Chris Somerville,
Lincoln Taiz, Gerhard Thiel and Richard Wagner

Plant neurobiology: no brain, no gain?

Brainless mind
TRENDS in Plant Science, 2007, Vol.12 No.4

“What long-term scientific benefits will the plant science research community gain from the
concept of ‘plant neurobiology’?”; which they believe 1s ‘...based on supertficial analogies and
questionable extrapolations...” such as nerves, brain synapses, intelligent responses being
expatriated from the field of animal neurobiology to explain some of the complex behavior
of plants.*



ISVADOS

Augaly elgsenai pazinti buvo perkeliamos gyviiny elgsenos
pazinimo schemos, grindZiamos analogjja, todél jy elgsenos
sudétingumas ilgai liko nejvertintas;

Augaliniy organizmy vieta ir funkcijos ekosistemose, informacijos
perdavimo strukturos ir elgsenos ypatumai labai skiriasi nuo
gyvuny;

Augalai labai aktyviai bendrauja su aplinka ir daro jai jtaka (ja
keicia): renka ir perduoda (skleidZia) informacija, chemine kalba
komunikuoja su kitais augalais ir visy kity karalijy organizmais,
kryptingai juda, turi didziule jvairove veiksmingy gynybiniy

mechanizmy; ANTHONY TREWAYAS

1y il . IOUR
Augalai jautrus, jy elektrinius impulsus perduoda floema, per kelias P&?,Q\'TTE?_EPGAE/NCE

sekundes po streso Igsteliy viduje didéja Ca2* koncentracija,
generuojami Kiti atsako signalai; %‘
Augalai yra protingi: jie sprendzZia problemas. Yra teiginiy, kad jie

turi atmintj ir gali mokytis;

Protas be smegeny (Brainless mind), augaly neurobiologija - tai

mitas ar jau tikrové?
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I jus ziuri kokoso palmes stiebelio ksilemos ,,akys*

Dr. David Maitland Feltwell, Norfolk, United Kingdom; Specimen: Cocoa nut palm (Cocos comosa) stem with xylem vessel "eyes" in vascular
bundle "faces." Technique: Differential interference contrast.



