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)Cruciferae 

 
Brussicaceae (

. Columbia

Landsberg

 
.

.

 

.

/

. 

. 

 .    

--   )Reboud et al., 2004.( 

.

.  



                                                                                         

    
.

 .

 

.

 

)Meinke et al , 1998.(  

---

  

Kingdom: Plantae, Angiosperms, Eudicots, Rosids, Brassicales, Brassicaceae, 
Arabidopsis (Al-Shehbaz et al., 2002) 

--- 

 

(Arabidopsis arenosa (L.) Lawalrée : 

A. arenosa subsp. arenosa 

 

:

 

:

.  

A. arenosa subsp. borbasii 

 

:

.  

(Arabidopsis cebennensis (D.C.)   :

  

( Arabidopsis croatica (Schott)O'Kane& Al-Shehbaz  :.  

( Arabidopsis halleri (L.) O'Kane& Al-Shehbaz : 



                                                                                         

   
A. halleri subsp. halleri 

 
:

.  

A. halleri subsp. ovirensis (Wulfen) O'Kane& Al-Shehbaz  

 

:

. 

A. halleri subsp. gemmifera (Matsumura) O'Kane& Al-Shehbaz 

 :.  

(Arabidopsis lyrata (L.) O'Kane& Al-Shehbaz :  

A. lyrata subsp. lyrata 

 

:

 

)

 

(

)

.(  

A. lyrata subsp. petraea (Linnaeus) O'Kane& Al-Shehbaz 

 

:

)()

(.  

A. lyrata subsp. kamchatica (Fischer ex D.C.) O'Kane& Al-Shehbaz 

 

:)(

.  

( Arabidopsis neglecta (Schultes) O'Kane& Al-Shehbaz

 

:

 

 )(.  

( Arabidopsis pedemontana (Boiss.) O'Kane& Al-Shehbaz  

 

:

 .  



                                                                                         

   
(Arabidopsis suecica (Fries) Norrlin & Meddel. 

 
:

.  

(Arabidopsis thaliana (L.) Heynh. 

 
:

(Al-Shehbaz et al., 2002).    

-- 

 

) ()Cao et al., 2011( .   

---
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 .ST106,PM11,ST117PM2

ST106PM11
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)(Schneider et al.,1994.  

Mutant strain,     locus     M2 batch  dominance resistant sensitive, X^2 (a) 

         

Class 1 Plant dies        

  

ST106  (chs1-2) 3 R 79 28 0.1 

  

PM11 (chs1-1) 1 R 294 87 0.9 b 

  

ST117 (chs2-2) 3 D 55 145 0.7 

  

PM2 (chs2-1) 1 D 19 59 0 

  

ST119 (chs3) 3 R 205 45 6.5 

Class 2 Old leaves die       

  

ST13 (chs4-1) 2 R 185 51 1.5 

  

ST35 (chs4-2) 2 R 137 49 0.2 

  

ST64 (chs4-3) 2 R 405 64 32.2 

Class 3 Chlorotic patches       

  

ST34 (chs5) 2 R 37 10 0.4 

  

ST39 (chs6-1) 2 R 73 23 0.1 

  

ST48 (chs6-2) 2 R 70 16 1.9 

  

ST83 (chs6-3) 3 R 171 49 0.9 

Class 4 Chlorotic middle       

  

ST23 (chs7) 2 R 136 44 0 

  

ST25 (chs8) 2 R 29 10 0 

  

ST27 (chs9) 2 R 162 70 3.3 

  

ST28 (chs10) 2 R 169 69 2 

  

ST36 (chs11) 2 R 53 17 0 

  

ST45 (chs12) 2 R 14 6 0.3 

  

ST74 (chs13) 2 R 104 31 0.3 

  

ST88 (chs14) 3 R 182 65 0.2 

  

ST115 (chs15) 3 R 28 10 0 

  

--

 

)TMV(

)INA ()SA(

)systemic ()Uknes et al., 1992 and 

Ward et al., 1991.(   
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(Thaumatin Like Protein,TLP) thaumatin    

thaumatinThaumatococcus daniellii

(Cornelissen et al., 1986) . 

 

:)PR-S()

 

()

OLP. (  

ATLP-1 

 

.(Hu and Reddy, 1997) ATLP-1

SAR .  

ATLP-2ATLP-1 

3´A (Hu and Reddy, 1995). ATLP-

1 ATLP-2.  

ATLP-3

 

(Hu and Reddy, 1997)

PR5

 

.  

ATLP3Fusarium oxysporium, 

Alternaria solani, Trichoderma reesei,Candida albicans 

 

.

 

.ATLP-3

 

.   

--- 

    

in vitro

 

.

)Zea mays (Candida 

albicans, Neurosporacrassaand Trichodermareesei

 .TLP

 



                                                                                         

   
.(Roberts and 

Selitrennikoff, 1990).    

--- 

    

(Liu et al., 1994) .OLP

(King et al, 1988, Melchers et al,1993,  Zhu et 

al,1993, Hu and Reddy, 1997, Chen et al, 1996, Capelliet al, 1997  .(

 

.PR5

)PR5()PR5K (

,Uknes et al.,) 1992 PR5 (Wang 

et al., 1996 .PR5K

 

-

 

.

PR5K

 

.

PR5K-

 

.PR5K

PR5

)Wang et al, 1996( .  

--

 

)stress (

 

)strain (

 

.

. 

. 



                                                                                         

   
. 

 
)Gaspar et al, 2002.(  

:  (  )Biotic stress  (( )Abiotic stress ( 

)Temperature stress (

 

:()Chilling stress  ((

 

)Freezing  (( 

 

)Heat stress( )Oktem et al, 2008.(  

 

.

 

.

 

.

  

.

 

.

)Zhang et al, 2000.(  

---

    

.

-

 

.

 

:
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.

 
.

 
.

  

)Jan et al, 2009.(  

--- 

  

)

 

(

 

.

 

.

 

.

 

.

 

.

 

.

 

.

 

.

 

.

) Pearce, 2007; 

Quellet, 2007. (  

--- 

   

.



                                                                                         

    
)Nelson et al., 1998( .

 .

 

)Noctor and Foyer, 1998(. 

 .

 

.

 

%

 

)Krebs et al, 2002(.  

1---

   

.ICE1(Induced of CBF Expression 1)

sumoylation

 

.sumoylationICE1

K393) CBF (C-repeat Binding Factor 

ICE1 )CBF1 )bHLHMYC((MYB15 

(Myeloblastosis) 

 

.CBFCold Responsive)  COR(

 

.CBF

MYB15ZAT12 (Zinc Finger Transcription Factor( . 



                                                                                         

     

-- 

  

)TRENDS in Plant 

Science, 2007 (.  

CBF  :C )AP2 (CRT  :CDRE  :

HOS1  :)E3

(ICE1  :CBF1 )bHLHMYC(

 

LOS2 :

)

 

(

 

MYB :

MYBRS :MYBSIZ1SAPMiZ1 )SUMOE3 (P  :

 

S)(SUMO

 

U :

 

)Chinnusamy et al., 2007. ( 

HOS1(High Expression of Osmotically Responsive Genes1)

ICE1CBF

.CBFZAT10 )STZ (COR

 .LOS2(Low Expression of Osmotically Responsive Genes 2)

ZAT10

 

.ZAT10ZAT12

C2H2 .  
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.

 
.

Ca+2

 .

. 

 

.

  

.

 .

 

.

Ca+2

 

.

 

.

 

Bacillus subtilis DesK )Aguilar et al, 2001( 

 

. AtHK1

)Urao et al, 1999(.

)RLKs(

 

.

)RPK1 (ABA

 

)Hong et al., 1997(. 

 

.CD)Ruelland et 

al., 2002(. 

 

Ca+2

 

.Ca+2



                                                                                         

    
)Monroy and Dhindsa 1995; Reddy and Reddy 

2004 (

 
)Henriksson and Trewavas 2003 ( .  

LOW TEMPERATURE    

MEMBRANE RIGIDIFICATION     

CYTOSKELETAL REARRANGEMENTS     

Ca2+INFLUX     

Ca2+ SIGNAL DECODERS     

ALTERED GENE EXPRESSION     

FREEZING TOLERANCE   

-- )Puhakainen, 2004(.  

Ca+2 CDPKMAP

 

.



                                                                                         

    
.

ICE-CBF-COR

 
)Gilmour et al, 2004; Novillo et al, 

2004; Zhu et al, 2007(. CBF

 

)Davletova et 

al., 2005; Vogel et al., 2005.( 

 

)Beck et al., 2007,Chinnusamy et al., 2004, Knight and Knight., 

2001, Vij and Tyagi., 2007, Xiong et al., 2002, Zhu, 2001(.  

--

 

)ROS(   

 

)Cao et al, 2002.(

 

)Foyer et 

al,1998(. 

 

)Chaitanya et al, 2001(.  

)O2(

ROS

 

)Wojtaszek, 1997 .(ROS

 

.

 

)Ramadevi and 

Prasad,1998.( ROS

 

)Elstner, 1991 ()-( .


