800
6%
(arid) (semi-arid)
21
(saline soil)
(Elasegawa
(Ca2h (HC03)
(Bernstein  1975)
(Bohnert

Jensen 1996)
(Electrical conductivity; EC)

(hectares)

(Rengasamy 2002)
30 (FAO 2014)

oxidative stress

2000, Munns 2002a, 2539)

(Na+ (Mg24
(@) (N03) ( 0R)

osmotic potential

4 ds/m@ ds/m

(NacCl) 10 M) ( DA-ARS 2013)
(soluble salts) (évapotranspiration)
(deforestation)
(Dajic  2006)
Zeng Shannon (2000a)
6.65 ds/m 50

(Sairam Tyagi 2004)



17.8 17
15 3.7
2541, 2540,
2 ’
7 8 .15 105 (KDML105)
( 2553)
2,

2001, Zhu 2002).

(ionic imblances)
2002, Munns

(2003)

(Abdullah
Rodrigues

(Oryzo sativa) ",

, (Triticum aestivum)

(Lauchli Grattan 2007)

2 ( 2)

Tester 2008, Tester

12.6
2.6
(
2532)
1 6
KDML105
(water stress)
(ionic stress)
(metabolism) (Zhu

(water potentials)

(ion toxicity)
Davenport 2003)

(Hordeum vulgare)

( D

Munns (2002a)



osmotic
osmotic
water stress
2
(vacuole) Na+
(cytoplasm) (Munns  2002b,
Munns 2005, Munns 2006, Munns Termaat 1986)
Na+
( 3
osmoprotectant (sugar) (alcohol) (proline)
(Ectoine) (Lin 2002, Lippert Galinski 1992, Singh 2000)
(water potential) (Nuccio
1999, Weinberg Shannon 1998)
(antioxidance)
(Abscisic acid; ABA) (cytokinins) (Aldesuquy 1998, Thomas
1992, Vaidyanathan 1999) ABA
(NacCl) (Popova
1995) ABA
(signal transduction) (Davies 2005, Parida Das 2005)

(wax)



(Kosma 2009, Romeroaranda 2001)
Flowers (1997) 2
(halophyte)
Tamaricaceae Zygophyllaceae Potamogetonaceae Rhizophoraceae
Frankeniaceae (non-halophyte glycophyte) ,
0.01
Rosaceae Araceae Ericaceae Orchidaceae (Flowers Yeo 1998,
Glenn 1999)
120
£ 100
Q=
8 9
e 8o
€8
P
§ ® 60
E s
s 8
R
Qg 40
£5
[y]
w 20
0
NaCl (mM)
1

3 (Munns Tester 2008)



Salt added gradually

I_t

Shoot
growth
rate

= == == == Jolerant plant

S~
~

™ sensitive plant

< '
Phase 1 Phase 2
{osmotic stress) (salt-specific effect)

Time (days to weeks)

2 2
(Munns 2005)

Fxiraveffuiac and ceifwali spaces lon exclusion

® lon expon
o Cell.wall modification
PRI,
T ».‘..,.,,u_‘_z:gf:_\;

g
x}‘.”s

Cytosol and organelle space

o Osmonic adjusunent o Plant growih regularor
 Radical scavenging seasitivity adjustmem
« lon-selectivity changes » Osmoprotection

* Fnhancement of proton pumping « lon pantitioning

* Aguaporin-activity control

Vaauolar space

1

G o lon (sodinm, calcinm) storage
/28 & (2
iy o lon (potassium) expornt

o Osmatic adjusument
» Proton-gradient mainienance

o ° - ad o v w - Y
AN 3 ﬂi’dU'IUﬂ']TV\'N']UVI'N'U'JLﬂﬁJ‘VILﬂU'J‘UENﬂUW‘UVIULﬁN LAZNULAY

(Bohnert Jensen 1996)



2.1
osmotic
Glycine max L. SJ.5
40 80 mM NacCl 10 (
2543) (turgor)
(Fricke Peters 2002, Passioura Munns 2000)

(vegetative stage)
(flowering stage)

(Chartzoulakis Klapaki 2000, Hernandez

(reproductive stage)

1995)

(Hu 2007) Fracaria X ananassa Duch.
Korona 40 80 mM NaCl 50 72
(Keutgen Pawelzik 2009)
Kurban (1999) Alhagi pseudoalhagi
100 200 mM NacCl
(Meloni 2001, Mohammad 1998)
Cucumis sativus L. Pepinex 25 mM NacCl
22 25 (Chartzoulakis 1994) Shereen
(2007)
50-75 mM NacCl
(Khatun Flowers 1995, Lutts 1995)
(seedling stage)
(Maas 1986) (Botia 2005) red
orach (Wilson 2000) (Maas Poss 1989)
(Sultana
1999) Jurgens (1978)

(drought

stress) ABA
(stomatal conductance)
ABA 24
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ABA Gibberellins  (GAs)
(Fricke 2004)
2.2
osmotic stress
ABA ABA (Fricke
2004) ABA
(Berry Dowton 1982) Sibole (1998) Phaseolus
vulcaris L. 25 50 mM Nacl 13
(Termaat 1985) turgor pressure
(C02
Cco2 esophyll Jones (1973)
Cco02 mesophyU cell
Co02
(Fricke 2004)
(Rajesh 1998) Alhaji
pseudoalhagi 100 mM NacCl
200 mM NacCl 60%
(Kurban
1999)
(Agastian 2000) Yeo
(1985)
apoplast Sultana
(1999)
Co02

(cytoplasm) (lyengar

Reddy 1996)
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chlorophyllase (Reddy Vora 1986, Yeo
Flowers 1983)

(Eckardt 2009)

(Khan 2009)

(Arfan 2007, Noreen 2010, Romero 1997)
carotenoids photoprotection 3
carotenoids zeaxanthins (Sharma Hall 1991)

(water
potential) (water use efficiency)

(Tuong Bouman 2003)

(Grantz Assmann 1991) (Blum 2005)
3. CSSL (Chromosomal Segment Substitution Lines)

CSSL (Chromosome Segment Substitution Line Population)

DH212 double haploid line
doubled haploid (pollen)
2 IR62266 osmotic
CT9993 ( D
(Quantitative trait loci; QTLS)
(Babu 2004, stuber 1995) 105
(KDML105)
KDML105
(DH212)

(backcross) KDML 105 5

( 5)

(marker-assisted selection; MAS) (Siangliw



2007) BC3F1
2 2 (BC3F2) 2
BC3F3 103
CSSL (genetic background) KDML 105
96.3% (Toojinda 2011) Gong (1999); Koyama
(2001); Lee (2007)
(salt tolerant QTLS) 1,35 6 7
1 (Gregorio
1997) CSSL CSSL
(SSR marker) RM212
RM3362 QTL
(Toojinda 2011) 1
DH212 KDML105 RM1003
RM3362 ( 4
Cultivai-names  Information

KDML 105

CT9993
IR62266
DHL 103
DHL212
IR29
Pokkali
FL496

FL530

"1

(Kanjoo

Use as recipient background in developing of CSSLs. reported
susceptible variety to drought and salt stresses by Rice
Department

Parental variety of mapping population used for identification of
QTL for drought tolerance

Parental variety of mapping population used for identification of
QTL for drought tolerance

Donor variety used 1 development of CSSLs

Donor variety used 11 development of CSSLs

Standard check for salt intolerance

Standard check for salt tolerance

Donor variety used in development of salinity tolerance hi
breeding program

Donor variety used in development of salinity tolerance in
breeding program

2011)

14



Genotypas of Chr.1l Markars

RM5759
216827

RrA212
RM1003
RM7594
RM3442
RM3602
-3
RIM1361
RI3468
RrA104
RI3520
1524
RMS794
RMS310
RM1067
RM3302

CssL 1
CS5L2
CssL 3
CssL 4
CssL 5
CsSSL
CssL 7
CsSL
CsSL 9
CssL 10
CsSL 11
CssL 12
CssLi13
CSSL 14
CSsSL15
CsSsL16
CssL17
CSSL IS
CssL19
CSSL 20
CssL21
CSSL 22
CSSL 23
CSSL 24
CSSL 25
CSsSL 26
CssL 27
CssL 2
CSSL 29
CSSL 30
DH212
KDML105

4 il DH212

KDML105 RM 1003 RM5310 , CSSL
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Breeding Scheme

‘R 6SSB6 -F2-CA 31
IR 63386 -F2-CA -54 KDM L. 105

ER 66536 -F2-CA-143

KDMULO5 X

MASH 1o sekct %2,
' Homozygous lines 770

Y e
- Trait Evaluation
kit anch s o e

5 KDML105 (backcross)
(marker-assisted selection; MAS)
IR68586-F2-CA-31 (DHL103) IR68586-F2-CA-143

(DHL212) (Sianguw 2007)

CSSL
1 KDML 105 (
2555) (2556)
(gene co-expression network; GCN)
RM1003 RM5310 1 (Oryza sativa
L) (microarray)
9

LOC_0s018§64960  (Psbsl)



17

chlorophyll a-b binding protein (PsbSl) 2 (Light harvesting
complex: LHCIil) 2 (Kiss 2008)
Psbsl c3 Q (lwasaki 1997, Jansson 1994, Kim
1992, Wallbraun 1994, Wedel 1992, Wyrich 1998)
Psbsl chlorophyll a-b binding protein
PsbS
(non-photochemical guenching; NPQ)
(photoprotective) thylakoid membranes (Kiss 2008) NPQ
LHCil (Horton 1996, Niyogi 1999)
PsbS PSII LHCII LHCI PsbS antenna
PSIl ( 6) thylakoid lumen (HH PsbS
LHCH PSII PSI
thylakoid lumen ( H+ ) PsbS
(Niyogi 2004, Tikkanen 2010) PsbS
antenna
Holt (2004) PsbS
PsbS zeaxanthin ( carotenoid) antenna
Li (2000) PsbS NPQ
zeaxanthin NPQ NPQ
violaxanthin zeaxanthin xanthophyll cycle

pH  thylakoid membrane ( 7)



18

LHC PsbS LHC PsbS LHC PsbsS

6 PsbS LHC Violaxanthin Zeaxanthin
pH thylakoid lumen PsbS
pH VDE; violaxanthin de-epoxidase (NiyoS8i 2004)
Stroma Thylakoid Membrane Lumen

OH

~, >
\\\\\\\\O(Q
0

~

Violaxanthin

7E VDE

e _om

NADPH + O, W Ascorbate
0

pH=7.0

HO” pH =5.2
Antheraxanthin

ZE VDE
_OH
A AN
-
e Zeaxanthin

7 xanthophyll cycle tylakoid membrane

Violaxanthin Zeaxanthin de-epoxidase (VDE)

Zeaxanthin Violaxanthinnthin zeaxanthin epoxidase

(ZE) (Yamamoto 1979)
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