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Y- Mitothise activity protein kinase

¥- Salt overly sensitive kinase

8- Heat shock factor

7- Heat shock proteins

V- Late embryogenesis abundant proteins
A- Osmoprotectants

4- Free-radicale scavngers
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Salinity

Secondary stress
Osmotic stress

Oxidative stress

Disruption of osmotic an

ionic homeostasis;
Damage of functional and
structural proteins and
membranes

Osmosensor (e.g. AtHK1), phospholipid cleaving enzymes (e.g.
PLD), and second meassengers (e.g. Ca2*, PtdOH, ROS) MAP
kinases, Ca?* sensors (e.g. SOS3), calcium-dependant protein
kinases (e.g. CDPKs)

N B

Transcriptional factors
(e.g. CBF/DREB, ABF, HSF, bZIP, MYC/MYB)
Chaperone functions

sp., SP1, LEA, COR)
Gene activation /"

Detoxification
(SOD, PX)

Osmoprotection
(proline, GlyBet,
sugar polyols)

Water and ion
movement (aquaporin,
ion transporter)

Re-establishment of cellular homeostasis,

functional and structural protection of
proteins and membranes

Stress Tolerance or Resistance
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Mechanism Genes Species Relerence

Transcription control CBFI Arabidopsis thaliana  Jaglo-Ottosen et al. 1998
DREBIA A. thaliana Kasuga et al. 1999
CBE3 A. thaliana Gilmour et al. 2000
CBFs Brassica napus Jaglo et al. 2001
CBF1 Lycopersicon Hsieh et al. 2002

L’S('H(’E’HHU)I

CBF4 A. thaliana Haake et al. 2002

Compatible solute
Proline

Myo-inositol

Sorbitol
Antioxidants and

detoxification

Ton transport

Hsps and molecular
chaperones

LEA-type protemns

AtMYC2 and AtMYB2
ABF3 or ABF4

HSF1 and HSF3
HsfAl

spl?

P5CS

ProDH

IMTI

stpdl

CuZn-SOD
Mn-50D or Fe-50D

GST and GPX

chyB

Aldose-aldehyde reductase
AtNHX ]

SOS1
HALI

AVPI
Hspl7.7
Hsp21
AtHSP17.6A
DnaKl

SPI
CORI35a

HVAL

WCS19

A. thaliana
A. thaliana
A. thaliana
L. esculentum
Oryza saliva

Nicotiana tabacum

A. thaliana

N. tabacum

. tabacum

N. tabacum
Medicago sativa,
V. tabacunt

N. tabacunt

A. thaliana

N. tabacum

A. thaliana

B. napus

L. esculentiom
A. thaliana
Cueurbita melo

A. thaliana
D[IH('!L\' caroia
A. thaliana

A. thaliana

N. tabacum
Populus tremula
A. thaliana

O. sativa
Triticum aesiivium
A. thaliana

Abe et al. 2003

Kang et al. 2002

JH Lee et al. 1995; Priindl et al. 1998
Mishra et al. 2002

Yamanouchi et al. 2002

Kishor et al. 1995; Konstantinova et al. 2002;

Hong et al. 2000

Nanjo et al. 1999

Sheveleva et al. 1997

Sheveleva et al. 1998

Gupta et al. 1993a, 1993b; Pitcher and Zilinskas 1996
McKersie et al. 1996, 1999, 2000; Van Camp et al. 1996

Roxas et al. 1997

Davison et al. 2002
Oberschall et al. 2000
Apse et al. 1999

Zhang et al. 2001

Zhang and Blumwald 2001
Shi et al. (2003)

Bordas et al. 1997

Rus et al. 2001

Gaxiola et al. 2001

Malik et al. 1999
Hirndahl et al. 1999

Sun et al. 2001

Sugino et al. 1999

Wang et al. 2003

Artus et al. 1996; Steponkus et al. 1998;
Jaglo-Ottosen et al. 1998
Xu et al. 1996

Sivamani et al. 2000
Ndong et al. 2002

(Yo o¥ OLen 5 Wang) s sle i 4 )85l 53 Sse slgi- V-V Jsds
(e Ol e il DL Kb a4 o 5SS 5 b ylla 0alS sl 5l ol
Suaeda 'L Atriplex spongeosa s Jla 5l ead # 5l sla o pTin vivo ol
Cald s b byl s sl 4 ol 15 dtes a4 IS 4 maritime
sl ezl S Dunaliella parva " 5 5o Sl Sl edd 2l sl sl 5T o il
DS 5l s 2l sl la o 5T dile S Joos 1 Los O il V0 (6o Ll o oS )5
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VY- Mesembryanthemum crystallinum
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(gluconeogenesis) \ l

Gl 6-P Fructois B g AMIOL 1P

>
- ‘ - sorbitol 1-P
myo-Inositol 1-P

Immw I
D-Glucuronaie 10 | Methylation Pathway |

v G N
glucose IC@WW I phospholipid
v
- UDP-D-Glucuronate D-ononitol \ \ Inositol 1,4,5 P3
y <) e
UDP-glucuronate

Phytate
(P-storage)

|mmopneﬁs|

Inositol 4,5 P,
Verbascose
UDP-galacturonate Raffinose

UDP-xylose D-pinitol
UDP-arabinose ‘
UDP-apiose

‘ Plasma membrane
ER, etc. Signal
Cell wall Temperature stress

. Transmission
ol protection
Mucilages 1
Glycoproteins

Pentose

Phosphate
Pathway

oxidation pathway
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YA-Inositol 1-P synthetase
) 4- Phytate
Y +- Inositol-hexakisphosphate
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