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Leaf weight per area and leaf size of 85 Estonian woody species in
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Estonia’s
research
revival

How joining the EU helped a small
nation to find strength in science.

BY QUIRIN SCHIERMEIER
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University of Tartu in Estonia, he had access to only the most

basic tools. It was 1993, two years after Estonia had won inde-
pendence from the collapsing Soviet Union. The university had just two
computers for around 10,000 students and researchers. “T had a ruler and
alab balance,” Niinemets says. “And that was basically it”

w hen Ulo Niinemets began his PhD in plant science at the
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Meie toorihma peamine huvi on moista, kuidas taimed
kohanevad keskkonnatingimustega

Praegused peamised uurimissuunad:

Taimede sisinikusidumise globaalne varieeruvus
ja stressile kohanemine ja kohastumine

Taimede stress ja stressisignaalid (kuidas
muutub taimede I6hn stressi korral)
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Loengukava

Stress ja taimed. Kohanemine ja stressimdlu
Kuidas tekib stressimdlu?

Parilik, polvkondadevaheline mdlu

Emaliini mdlu

Unustamise tdhtsus

Kas koik taimed kdituvad ihtemoodi?
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Probleem CO,-ga: keskmiselt kdrgem temperatuur ja sagedamad
kuumastressi episoodid

Annual mean surface air temperature change IPCC 2013 (5th assessment report)

RCP2.6: 2046-2065 RCP2.6: 2081-2100 RCP2.6: 2181-2200

.
IDCC REPORTS SYNTHESIS REPORT WORKING GROUPS ACTIVITIES NEWS
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; , Water, Drought, Climate Change, and Conflict in Syria

PETER H. GLEICK

Pacific Institute, Qakland, California

Political Geography 60 (2017) 232244

Contents lists available at ScienceDirect

Political Geography

‘FVIFER journal homepage: www.elsevier.com/locate/polgeo

Climate change and the Syrian civil war revisited

lan Selby  *, Omar S. Dahi °, Christiane Frohlich ¢ ¢, Mike Hulme ¢



Stress on iga vdline tegur, mis piirab taime fisioloogilisi
protsesse (fotosilintees, kasv).
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Stress ja fusioloogiline optimum
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Tugev vs. nork stress

Tugev Stressi Signaali- V&imen- .
— —> Taimevastus

stress tajumine iilekanne damine
Stress/
mittestress: @ Konstitutiivne

tolerantsus

Cell

lllll

Mild versus severe stress and BVOCs:
thresholds, priming and consequences

Ulo Niinemets Trends in Plant Science Vol.15 Mo 3



Fotosiinteesi kiirus
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Top'r ﬁ/ -...,L

Temperatuur /

THEY
INDEPENDENT ENVIRONMENT

APPS Download
our free app
for your

BlackBerry,

iPhone or

Android

News ‘ Opinion ' Environment ‘ Sport ‘ Life & Style ’ Arts & Ents ’ Travel Mor

Climate Change Green Living Nature = mylndependent

Home > Environment

Amazon rainforest 'could become a desert'

And that could speed up global warming with ‘incalculable consequences’, says alarming new
research

By Geoffrey Lean in Manaus and Fred Pearce
Sunday, 23 July 2006 < SHARE & PRINT EMAIL



Nork stress, praiming ja mdlu

Praiming ja mdlu

Indutseeritud

tolerantsus

-

Kohanemine

Stress Stressi Signaali-
tajumine [ | iilekanne
Stress/
mittestress: @ Konstitutiivne

tolerantsus

©

|

Voimen-

—p  Taimevastus

-]@damine

-----

Mild versus severe stress and BVOCs:
thresholds, priming and consequences

Trends in Plant Science Vol15 No.3

Ulo Niinemets
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Responses of Aspen Leaves to Heatflecks:
Both Damaging and Non-Damaging Rapid
Temperature Excursions Reduce Photosynthesis

Katja Hiive 1 TIrina Bichele 2, Hedi Kaldmie 107, Bahtijor Rasulov 1 Fernando Valladares 3 and
Ulo Niinemets 14+



Fotosiinteesi kiirus

opt

A 4

Temperatuur

Fotosiinteesi kiirus

T Keskmine temperatuur

7

Top‘r,l

Top‘r,Z

VvV VvV

Temperatuur



Faster / earlier
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Priming '%_1 Stronger
stress =
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Primed ~ Triggering | = -
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Stress | ¢ 4 Sensitized
o
]
QD
: /
Naive E T i-m:
Altered z
- Lamke and Baurle Genome Biology (2017) 18:124
DOI 10.1186/513059-017-1263-6 Genome B|O|0gy
REVIEW Open Access
Epigenetic and chromatin-based @

mechanisms in environmental stress
adaptation and stress memory in plants

Jom Lamke and Isabel Biurle”
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First exposure

Dehydration  Rehydration
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Second exposure

Dehydration
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Epigenetic Memory for Stress Response and Adaptation

Stress memory .
in Plants

1,23

Tetsu Kinoshita"* and Motoaki Seki

Plant Cell Physiol. 55(11): 1859-1863 (2014) doi:10.1093/pcp/pcu125, Advance Access publication on 8 October 2014,
available FREE online at www.pcp.oxfordjournals.org



Stressisignaalid, priming ja malu

-

Indutseeritud « (Kohanemine
tolerantsus [
Stress Stressi Signaali- Voimen- :
tajumine > lekanne damine > Taimevastus
Stress/
mittestress: @ Konstitutiivne
tolerantsus

Mild versus severe stress and BVOCs:
thresholds, priming and consequences

Ulo Niinemets Trends in Plant Science Vol15 No.3




Loengukava

Stress ja taimed. Kohanemine ja stressimdalu
Kuidas tekib stressimadlu?

Parilik, polvkondadevaheline malu

Emaliini mdlu

Unustamise tahtsus

Kas koik taimed kdituvad ihtemoodi?



Stressivastus ja kohanemine

Signaali- % voimen- |___[" Toimevastus

Stressi
tajumine tilekanne
ROS Hormoonid:
Etileen,
Jasmoonhape

Salitsiitlhape

damine

Transkriptsiooni- Spefsiifilise

faktorite funktsiooniga
aktiveerimine VGIQU(.Z{.JG
Geenieks- keemilised
pressioon tihendid
Muutunud

tunnused



M.TRAAT

PUUD OLID, PUUD OLD
HELLAD VELLED

ROMAAN

..puud, hellad velled, tombasid kiilge,
sosistades, kutsudes haljas kevadohtus:
.Tule tdnnal Ard uneta vannu sdprul Kui
karjalits ollit, tikset iks kilma, vihma
nink fuule iist me varju. Joose, torma me
poole, pdd iin! Tuu om sul kivist, ravvast,
tagasi motsa varju, pesseti nink
dabisteti!" (lk. 84)

.Enneki et pirde maist ta kiill dste kisku,
loogatdis pirde om tdl silmdpilk kistu, da
ohukese pirru, mid ei ole ng=o!e -
osavat pirrukiskjat, taa osc
esd..." k. 131




Transkriptsioon, translatsioon??
ONA  ATTTTITHIIRNIIN

P el P Genoom

RNA Transcription

IA polymerase

RNA wévcs TTTTFFTTRTTTTTTTITIT Transkriptoom

pre-mRNA

,,,,,,,,,,,,,,

' | Translation
- :
Ribosome

VG I k polypeptide P r.o Teo O m

" * Clancy, S. & Brown, W. (2008) Translation:

DNA to mRNA to Protein. Nature
Education 1(1):101
Metaboloom

Keemilised iihendid



Milles seisneb stressimadlu?

R [ Transcriptional A - H3K27 trimethylation |
«© — is el
Ao S memory Ccls element
& \@6 N\ .
s (s XUNP Histone H3K4
(| hyper methylation Stalled RNA Pol I
\| / > cis element
A Limited duration
@c?f 4 . A
| HSF transcription factor
Open chromatin <4«—» sustained induction
conformation nucleosome remodeling
. o N / . /
Naive Priming Common features Specific features

plant  stress cue |
Somatic stress memory

HSF: heat shock transcription factor



Stress stimuli

Establishing
stress
memory &
feedback
loops

Stress
memory

Environmental stresses

Priming agents

(abiotic and biotic) (chemicals, plasma efc)
| ]
| Stress perception & signalling |
1
Transcriptional Post-transcriptional
regulation & translational regulation
[ I
4 ¥ Y Y h 4 Y
Gene Transcription Chromatin DNA Non-coding
expression factors state methylation RNAs
changes A changes changes A
A A F Y
_______________________________________________________ !
T T Y ______________________ il
1
: ROS Hormone Protein Metabolite | !
production & biosynthesis metabolism production
. scavenging & signalling & enzyme .
| activities :
NV, Yoo _____.
| |Biochemical variation | Epigenetic imprinting \ | Hormone level changes | |
| | I !
| Y |
. Phenotypic adaptation '
Somatic Intergenerational Transgenerational

(short- & long-term) (direct from parent to offspring) | |(imprinting that spans multiple generations)

Praiming

Malu

Kohanemine

Trends in
Plant Science

Special issue: Climate change and sustainability |

Priming crops for the future: rewiring
stress memory

Haipei Liu®, " Amanda J. Able ®," and Jason A. Able ® '@

Trends in Plant Science, July 2022, Vol. 27, No. 7



Transkriptsiooniline stressimalu?

NUCLEUS

Transkriptsioon: DNA > RNA

RNA splicingl

CYTOPLASI\-/lA' ’E_fporAtl W
e Translatsioon: RNA - valk,
otk muutus taime fenotiilbis
S

(ot

@ /

https://www.nature.com/scitable/topicpage/gene-
expression-14121669/



CHROMATIN

[ 4
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(&
CHROMOSOME -
=

DNA on kromosoomides
kokku pakitud (kromatiin).
Selleks, et transkriptsioon
saaks toimuda, peab RNA
polimeraasile olema
ligipads DNA-le

https://research.pasteur.fr/en/news/an-imaging-and-modeling-approach-

to-characterize-the-structure-of-dna-in-human-cells/



Histoonid: DNA-d pakkivad valgud

PFGCN5

Histoonide metileerimine ja

a \szﬁ | atsetiileerimine muudab
Rl e kromatiini struktuuri

PfMYAS“‘I; #e AL e

L = o
*O LY L /°> = 9

{;&’ K"}/ - ~ EukaryoTic CELL, Aug. 2010, p. 1138-1149
PPRMTI ©V¥° 1535-9778/10/$12.00 doi:10.1128/EC.00036-10

—_ Copyright © 2010, American Society for Microbiology. All Rights Reserved.

% MINIREVIEWS

Chromatin-Mediated Epigenetic Regulation in the
Malaria Parasite Plasmodium falciparum’

Liwang Cui* and Jun Miao



Collins et al. Epigenetics & Chromatin (2019) 12:7

https://doi.org/10.1186/513072-018-0251-8 E pigF_‘ﬂ etics & Chromatin

REVIEW Open Access

Histone H3 lysine K4 methylation and its @
role in learning and memory

Bridget E. Collins, Celeste B. Greer, Benjamin C. Coleman and J. David Sweatt’

Modifiers of H3K4 methylation are needed for memory formation, shown through animal studies, and
many of the same modifiers are mutated in human cognitive diseases. Cognitive impairment in such
patients often manifests as intellectual disability, consistent with a role for H3K4 methylation in
learning and memory.




DNA metileerimine ja mdlu
b

DNA methylation

Methylated Unmethylated
> —ooo0o- g
Silenced gene Active gene

Histone modifications

Nucleosome
‘ 9 )
—4 ©> —
R :
Histone tail’
Repressed gene Expressed gene

Gudjonsson JE, Krueger G. Arole for epigenetics in psoriasis: methylated Cytosine-
Guanine sites differentiate lesional from nonlesional skin and from normal skin. J Invest
Dermatol. 2012 Mar;132(3 Pt 1):506-8.



DNA metileerimine ja malu: noor vs. vana taim

L A A N e B
Pinus pinea

https://davesgarden.com/g https://www.walterreeves.com/landscaping/italian-stone-

Ei_des/pf/showimage/17677 pine-juvenile-foliage-and-mature-foliage/




Pinus halepensis Pinus nigra Pinus pinea

Noor puu: korge fotosiinteesivoime,
vdike strukuursete kudede osakaal

Vana puu: madal forosiinteesivoime,
suur struktuursete kudede osakaal

Noor puu

Fotosiinteetiliste
kudede osakaal

1-year-old
Vana puu
i Struktuursete kudede osakaal
1 mm oy

A

- Vg
- Research paper

A major trade-off between structural and photosynthetic investments
operative across plant and needle ages in three Mediterranean pines

72,5

Vivian Kuusk', Ulo Niinemets and Fernando Valladares>*



Tree Physiology 24, 401-407
© 2004 Heron Publishing—Victoria, Canada

Genomic DNA methylation of juvenile and mature Acacia mangium
micropropagated in vitro with reference to leaf morphology as a phase
change marker

FRANC-CHRISTOPHE BAURENS,' JORIS NICOLLEAU, "> THIERRY LEGAVRE,' JEAN-LUC
VERDEIL! and OLIVIER MONTEUUIS>3 - FEEEI.

[ 1




T T T CLONAL 11l CLONAL
MULTIPLICATION MULTIPLICATION
CAPACITY CAPACITY
SIMPLE COMPLEX
ARCHITECTURE ARCHITECTURE
T ROOTING | ROOTING
TMORPHOGENIC | MORPHOGENIC
ABILITY T INVITRO ABILITY
TESTABLISHMENT 1 v vTRO
ESTABLISHMENT
VEGETATIVE REPRODUCTIVE
GROWTH GROWTH

EMBRIONARY JUVENILE MAT.-VEGETATIVE MAT.-REPRODUCTIVE

Plant Cell Tiss Organ Cult (2007) 91:75-86
CHARACTERIZATION DOI 10.1007/s11240-007-9262-z

OF DEVELOPMENTAL
PHASES

REVIEW

Involvement of DNA methylation in tree development
and micropropagation

Luis Valledor - Rodrigo Hasbhiin + Ménica Meijon - Jose Luis Rodriguez -
Estrella Santamaria - Marcos Viejo - Maria Berdasco - Isabel Feito -
Mario F. Fraga - Maria Jesis Canal - Roberto Rodriguez



Tagasi lapsepolve: epigeneetilise malu kaotus puudel

https://commons.wikimedia.org/w/in
dex.php?curid=837883

http://www.hearnearboriculture.com/blog/the-tree-of-the-
month-for-july-2016-the-lime-or-linden-tree



Vdikesed mittekodeerivad RNA-d
MiRNA (mikro-RNA) siRNA (vdike sekkuv RNA, vaigistav RNA)

i) 55 .f’:.‘»

m’G cap 5’ i
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T One hit ¢Two hit

(A),AAA /3

T LI LI ¢ S
¢ OO
F H Nucleus 24-nt @ IIIIT® ¢ ¥
DCL2/4 DCL3
mm 1st step mm 2nd step A ¢
) ) Ty oo oo T oo
3 3 mirna: 21722 Nt rree® 21-22nt 24-nt
5 miRNA duplex ¢
" iii) ¢
AAA(A), ¢. ....EEIII".
i miRNA <
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...... \4

RN
Cytoplasm .\‘
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v) AGO1-containing miRISC DNA methylation DNA methylation

& @\ " frontiers bttt 17 St .:ﬁEVIEW

in Plant Science

Targe mRNA . R -\ D Small RNAs: The Essential

Transcript cleavage  Translation inhibition Regulato rS in Plant Therm0t0|erance
AGO - argonaut valk | o .
Zhi-Fang Zuo'?, Wenbo He', Jing Li’, Beixin Mo and Lin Liu™
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MikroRNA ja AN .
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Keemiline mdlu: stressi toimel kaitsvate tihendite

akumuleerumine

Heavy
metal

P

Biotic stress

Plant growth regulators can
improve the production
of secondary metabolites
inplants

aerosols

b

Biotic elecitors
Fungi, bacteria etc

gecondary metabalites helpg j, Plar

Monoterpenes
Sesquiterpenes
Diterpenes
Tripertenes
Polyterpenes

_ A

.......
’ .

o

ni Flavonoids
O Isoflavonoids
Y Lignin
s Coumarin
4 Y ,..// o] Tanins
s A 2
© 9 ©
(o] o
L [
® p P
g f E Alkaloids
"':5. - / E Cyanogenic glucosides
§ &/ -g Non-protein amino acid
g ./ o
Lol Q
{ %)
(73]

.,
-~
.

Glutathione

Glucosinolates

N containin Phytoalexins
compound Thionins

Defensin

%
b . agronomy My

Review

Plant Secondary Metabolite Biosynthesis and Transcriptional
Regulation in Response to Biotic and Abiotic Stress Conditions

Hormonal elecitors
Exogenous

Rahmatullah Jan %0, Sajjad Asaf 1, Muhammad Numan #, Lubna * and Kyung-Min Kim %+

Agronomy 2021, 11, 968. https:/ /doi.org/10.3390 /agronomy11050968



Plant Defense: Alkaloids

Nicotine Caffeine

https://www.gardenerdirect.com/dr-nikki-sawyers-science-
corner/2017/july/alkaloids/



Keemiline malu

Manduca sexta (Ms) leaf herbivory

Herbivory

| Spodoptera littoralis (Sl) leaf herbivory

| Undamaged leaf controls (C)
‘Wounding + M. sexta oral secretion (W + OSys )
EWounding + S. littoralis oral secretion (W + OSg)

sy

:Wounding + water (W +W)

1
'Undamaged leaf contrals (C)

Simulated herbivory

72 Time (hours)

Herbivory Simulated herbivory
Specialized metabolites Primary metabolites Specialized metabolites
0.40
i e 0.30 4 Treatments
- Ms feeding vs. C b 4 W+ OSy, vs.C
= 0351 ES Sifestingys.C e W+0Ss vs.C
g - W+Wws. C
= 0.25 -
S 030
=
= W
£ 025 ‘ -
= 0.20 - .
(=]
% 0.20 .
| 015 T e
0151 TxTo TxT*
0.00=— 21 _ 72 0 ] 4...--- 8----24 T 4 8 24
Time (hours) e Time (hours )
SCIENCE ADVANCES | RESEARCH ARTICLE
PLANT SCIENCES
Information theory tests critical predictions of plant
defense theory for specialized metabolism
Dapeng Li", Rayko Halitschke, lan T. Baldwin'#, Emmanuel Gaquerel**# Lietal, Sci. Adv. 2020; 6 : eaaz0381 10 June 2020
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Parilik, polvkondadevaheline mdlu

Taimedel voib teatud juhtudel sdiluda DNA metilatsioonimuster
gametogeneesis (sugurakkude teke)

e H. kdokannus (Linaria vulgaris): peloria
mutant, kirjeldatud Carl Linne poolt
1744 aastal.

Parilik oite erinev kuju on pohjustatud
DNA metileerimisest

Biochemical and Biophysical Research Communications 573 (2021) 112—-116

Contents lists available at ScienceDirect

Biochemical and Biophysical Research Communications

journal homepage: www.elsevier.com/locate/ybbrc

Increased CG, CHG and CHH methylation at the cycloidea gene in the
“Peloria” mutant of Linaria vulgaris

https://www.cell.com/current-biology/pdf/S0960-
9822%2899%2980490-4.pdf

Ann E. Ehrenhofer-Murray”



UPPSALA
UNIVERSITET The Linnaean Gardens of Uppsala

Uppsala University / The Linnaean Gardens ... / Learning / Linnaeus Online 2019 / Plants and animals / The order in ... / Peloria — a monster

|
Peloria — a monster

The life of Linnaeus
Common toadflax, Linaria vulgaris, has a two-

Linnaeus and pharmacy Ilpped flower with a spur. It has four stamens, of

Plants and animals

Meeting Pelorla Llnnaeus had to consider that a
Theorderinnatire gpecies might not be as stable as he had thought

LICAL 1WA 1 ICAD 11V \JHUIQ CALIWA IV W LAl IV I W \.r\.1uu.|

Systema Naturae — an
epoch-making book length, and was placed in a different class, the

Pentandria.
Systematics — order @
through relationship Peloria is a mutation of the common toadflax.

How could the stamens differ so much between

ClaalEies EvEEL s 156 two otherwise very similar plants? Linnaeus at last suggested that Peloria was a hybrid

of life
between common toadflax and some other, unknown, plant. If the seeds of this hybrid

DNA reveals relationships could germinate and grow into new Peloria-plants one would have had to draw the

- conclusion that new species could originate in nature.
A system for all living
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frontiers in ORIGINAL RESEARCH ARTICLE =
PLANT SCIENCE A 1035891515 2015.0000

The elucidation of stress memory inheritance in Brassica
rapa plants
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Emaliinipidi mdlu pdrandumine

Palm seed

Stress: vdiksem seeme, vihem endospermi—>

https://www.gardeningknowhow.com/garden-how-
to/propagation/seeds/thinning-seedlings.htm
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Egg size and the adaptive capacity of early life history traits in
Chinook salmon (Oncorhynchus tshawytscha)
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Inimestel: madal siinnikaal seotud korgema stidame-veresoonkonna

haiguS?e riiskiga Birthweight category (kqg) P for linear
trend
<2.5 2.5-3.15 3.16-3.82 3.834.5 >4.5
CHD
Men
Cases 283 1191 2307 841 394
Crude incidence, per 1000 person years 12.40 10.85 10.10 9.86 11.88
HR (95% Cl) in age-adjusted models * 1.21 (1.07 to 1.37) 1.07 (1.00to 1.15) 1 [Reference] 0.94 (0.87 to 1.01) 0.95 (085 to 1.05) <0.001
HR (95% () in multivariable models 117 (1.04to 1.33) 1.08 (1.01to 1.186) 1 [Reference] 0.91 (0.84 to 0.98) 0.91 (0.82to 1.01) <0.001
Women
Cases 852 2307 3045 744 162
Crude incidence, per 1000 person years 237 2.08 1.84 1.87 2.20
HR (95% Cl) in age-adjusted models * 131(1.21to 141) 1.14 (1.08 to 1.20) 1 [Reference] 0.95(0.88 to 1.03) 1.01 (086 to 1.19) <0.001
HR (95% () in multivariable models 127 (1.18to0 1.37) 1.16 (1.09t0 1.22) 1 [Reference] 0.92 (0.85 to 1.00) 0.92 (0.78 to 1.07) <0.001

Associations of birth weight and later life lifestyle
factors with risk of cardiovascular disease in the USA:
A prospective cohort study

Yi-Xin Wang,”* Yanping Li,® Janet W. Rich-Edwards,” Andrea A. Florio,? Zhilei Shan,? Siwen Wang,® JoAnn E. Manson,”®"

Kenneth J. Mukamal,? Eric B. Rimm,*%“ and Jorge E. Chavarro

ab.e

www.thelancet.com Vol 51 Month, 2022



Loengukava

Stress ja taimed. Kohanemine ja stressimdalu
Kuidas tekib stressimalu?

Parilik, polvkondadevaheline malu

Emaliini mdlu

Unustamise tdhtsus

Kas koik taimed kdituvad ihtemoodi?



Stressivastus ja kohanemine
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Stressi intensiivsus

Madlu: kuna on kasulik unustada?

Stressi- ~ >fressi-

Stressi-

episood T /\

Piiratud kasvutingimused

episood IT episood ITI

Kohanenud taim

Kohanemata taim




Stressi intensiivsus

Stressi-
episood T

Mdlu: kuna on kasulik unustada?

Mdluga taim

Head kasvutingimused

Aeg

Mdluta taim



Kuna on kasulik unustada?

ﬂenefits Benefits \
- Protection against future stress

- Maximize growth under favorable
- Potential for local acclimation to

conditions
- Increased yield changing environments

Recovery/

resetting /ﬂ Memory
Sz
IR

Costs Costs
- Susceptibility to severe or - Resources-intensive
recurring stress - Delayed growth or development
- Risk of fatality - Reduced yield
. . - Risk of maladaptive memory
Reconsidering plant memory: J

Intersections between stress recovery, RNA
turnover, and epigenetics

Peter A. Crisp, Diep Ganguly, Steven R. Eichten, Justin O. Borevitz, Barry J. Pogson*
Sci. Adv. 2016;2:e1501340
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Valdav osa taimede malualasest toost on tehtud rihu-muurloogaga.
Rihu-muurlook on vaike uheaastane kiirekasvuline taim, mis reageerib
Kiiresti keskkonnatingimuste muutusele

Arabidopis thaliana



e
z =
e

A0 20WHizoToM

FaciE

UCIAN




Suur fotosuunteesi kiirus
Korge plastilsus
Madal stressitolerantsus

Vaike fotosunteesi kiirus
Madal plastilisus
Korge stressitolerantsus

Quercus ilex



Liikidevahelised erinevused stressitaluvuses ja kohanemise maaras

Erinevus stressitaluvuses
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Melaleuca squarrosa

Plant Cell Environ. 2018;41:1251-1262.

20/15°C 30/25°C
Acclimation temperature
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Plasticity of photosynthetic heat tolerance in plants adapted to
thermally contrasting biomes

Lingling Zhu'? | Keith J. Bloomfield? | Charles H. Hocart? | John J.G. Egerton®? |
Odhran S. O'Sullivan? | Aurore Penillard? | Lasantha K. Weerasinghe?* | Owen K. Atkin-



Kui kiiresti ja kui suurel maaral toimub kohanemine eri taimeliikidel?

Time for acclimation

>

Fast acclimation Slow acclimation

Reversibility

Reversible plasticity
Chemical plasticity

Structural plasticity —

VAZ de-epoxidation state
VAZ pool size
Volatile emission (constitutive)
Carotenoid content per dry mass
Chl content per dry mass
N allocation to Rubisco
Membrane lipid composition
N content per dry mass
Secondary defence compound pool size
Stomatal responsiveness
Dark respiration rate per dry mass
Photosynthetic capacity per dry mass
Mesophyll conductance
Maximum stomatal conductance

Irreversible plasticity

Chloroplast size
Chloroplast number per cell
Cell wall surface area
Cell wall thickness
Leaf dry mass per unit area
Cell size
Leaf thickness
Cell number per leaf
Leaf size
Phloem volume fraction
Stomatal size and density
Xylem volume fraction

Composite traits

Narea = NmassLMA
Aarea = AmassLMA
chax,area = 6-‘25VRFRNmass|-MA

Annual Plant Reviews (2020) 3, 473-522

http:/ /onlinelibrary.wiley.com
doi: 10.1002/9781119312994.apr0714

Annual

Plant
Reviews
online

LEAF TRAIT PLASTICITY AND
EVOLUTION IN DIFFERENT
PLANT FUNCTIONAL TYPES

Ulo Niinemets! 2



Mida mdletavad vdga vanad taimed?
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