
1 

         
           

 PCR    
  

  1*   2  3    4   

  5  
  

1-                   

2-             

3-                   

4-            

5-           
  

*    1147333111  

mejahromi@yahoo.co.uk   
 :  )2/10/89 :  27/11/90(  

  

 -                 

                  

   .                 

     .       (   )       

)      (  .          

 ITS-rDNA    )   LSU-Glom1  SSU-Glom1    (

 ) ITS4/ITS5   (PCR    .    PCR     

        Taq1     RFLP       

             .       

  90        Glomus  .  Glomus     

  Glomus mosseae Glomus intraradicesfasciculatum  Glomus sinuosum Glomus geosporum 

Glomus  macrocarpum Glomus etunicatum Glomus dimorficum Glomus  sp Glomus .   

 etunicatum  dimorficum     .          

 mosseae                70      

  .   
 

 :        )ITS( Internal Transcribed Spacer.   

      

 3  1    1391  

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             1 / 13

mailto:mejahromi@yahoo.co.uk
https://biot.modares.ac.ir/article-22-11325-en.html


       3  1    1391  
 

2 

1-   
             

            

          

             

 .         

             

  .           

          

            

      

           

         .   

           

                 

            

             

    ]1 2 3  4[ .       

             

          .      

               

            

          

    .             

          

           ]5 6  

7[  .             

            

   ]1 8 9  10     .[

              

           

              

          ]5[ .     

           

                  

              

       .]11.[   

           

              

            

  ]12 13  14[   .   

         

       

    ]15[. 

        

           

               

               

  .        

        

       

   ]16 17  18[       

          

         

           

               

          -

              

               

    .     

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             2 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


        ...        
 

3 

           

          

  ]19 20  21.[ 
 

2 -      
          

:    

               

           

            

   .         5 

 30               

     .       2 

            

      .  

  

2 -1 -      
      200        

   Gerdemann  Nicolson 

]22[  Jenkis ]23[    

     .200   

   2          

            .

      .         

           45 180  

700            .  

           700 

 180             

              

          

           

        

      ST-

30R-2 Germany)  (   X 30    

.   

            

      .   

   700       

           

 180     .    

       45     

           50 

    5       4500   

         .    

                 

  55         

  2     2000    

            .

   45       

           .     

     50       

       

 5   5  )  X 

30 (      50     

            .200 

             

 45 180  700    .    

          

          

        

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             3 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


       3  1    1391  
 

4 

           

           

         .

         

             

               

              1 

      ] 25  24[.  

  

2 -2 -      
       

           

             

 PCR     Renker  

 ]20[       .    

       LSU 

Glom1(5'ATTACGTCCCTGCCCTTTGTACA3') 
  SSU Glom1(5'CTTCAATCGTTTCCCTTTCA3') 

   PCR        

 (5'TCCTCCGCTTATTGATATGC3') ITS4 

(5'GGAAGTAAAAGTCGTAACAAGG3 ITS ') 

ITS5    PCR      

 .      PCR     

iCYCLER (Bio Rad, Germany) 

    .ITS    lµ50   2 

   Taq 40   PCR ×10 5 

   25   8/0   

dNTP 2        2 

   50     

                                                        
1. http://invam.caf.wvu.edu 

 42          

       .        

PCR           PCR 

          49 -48 

             

PCR       2 -1    

 DNA    .   

  PCR     15 

   oC 94     PCR   35   

)  40  oC 94    30 

 oC 54   1  oC 72     ( 

  5  oC 72  .  

        ITS    

         

   Alu1   ]20[ 5    

  PCR    5   

Alu1        20   

         .   

PCR    2/1       

          .   

    PCR       

     ITS           

)  bp650 -500 (   

      PCR   )

 (         

  PCR   pTZ   

          E.coli 

 .  

                

BLASTN            

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             4 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


        ...        
 

5 

NCBI      ]26[      

              .  

                

ClustalX ]27 [      

BioEdit 9/0/7 ]28[    .

     parameter Kimura-2 

– )Kimura K80 or    (  

 ]29   [  MEGA4 ]30[  

   .  

  

3 -    
        

90             10 

      .       

            

     50     

        G. 

mosseae   G. intraradices      .

          geosporum G. 

sinuosum G. fasciculatum  G. macrocarpum 

G. constrictum G.   .  

       ITS   

    PCR      

         )   1  .(

        BLAST   

20                 

             

             

          

    .             

            

 NCBI      95    

         

              

      .      

               

  G. mosseae G. intraradices fasciculatum  G. 

sinuosum G. geosporum G. macrocarpum G. 

 etunicatum G. dimorficum G. sp. Glomus 

     etunicatum   dimorficum  

      .  

      mosseae      

                 

  70         .  

           

              

NCBI       2  3  

  .  

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             5 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


       3  1    1391  
 

6 

  
  

 1     PCR    2/1    )500  650   .( 

(Fermentas) 1Kb  : M   :C 

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             6 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


        ...        
 

7 

  
 2    ITS- rDNA G. mosseae     K80       

 .               .  intraradices  constrictum  

 out group     .  

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             7 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


       3  1    1391  
 

8 

  
 3    ITS- rDNA G. intraradices      K80     

                 .  mosseae  constrictum 

  out group     .  

  

4-   
           

            

           

            

 .           

              

    .     

            

          

   .       

              

            

]31 32  33[     .     

            

 G. mosseae            .

              

.           

           

                 

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             8 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


        ...        
 

9 

G. mosseae            

 ]34[ .           

           

            

  ]16[          

                

            

     .  

        

            

      

          

          .

    ]35 21[      .  

         

    60       

30        Taq1   

RFLP     .1  3      

           .      

  Hempel    ]35[         

 30  60               

            

    .  

            

     (   ) 

           

dimorficum G.  etunicatum G.  .   

         

           

   .       

 G. mosseae           

        

           ]36  

37[   .        

      G. mosseae       

 .           

            

           

                

   .         dimorficum  

sinuosum            

     .         

              )

 (              

          

         ]21 35 36  

38[         .     

       

            

             

          .     

         

      .    

              

           .  

                 

     .           

           

    .        

           

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                             9 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


       3  1    1391  
 

10 

              

   .    

  

5-    
[1] Allen M. F., and Boosalis M. G. (1983) 

Effects of two species of VA mycorrhizal 

fungi on drought tolerance of winter 

wheat. New Phytol. 93, 67-76. 

[2] Bildusas, I. J., Dixon, R. K., Pfleger, F. L. 

and Stewart, E. L. (1986) Growth, 

nutrition and gas exchange of Bromus 

inermis inoculated with Glomus 

fasciculatum. New Phytol. 102, 303-311. 

[3] Henderson, J. C., and Davies, J. F. T. 

(1990) Drought acclimation and the 

morphology of mycorrhizal Rosa hybrida 

L. cv. ‘Ferdy’ is independent of leaf 

elemental content. New Phytol. 115, 503–

510. 

[4] Sheng, M., Tang, M., Chan, H., Yang, B., 

Zhang, F., Huang, Y. (2008) Influence of 
arbuscular mycorrhizae on photosynthesis 

and water status of maize plants under salt 

stress. Mycorrhiza. 18, 287–296. 

[5] Davies, F. T., Svenson, S. E., Cole, J. C., 

Phavaphutanon, L., Duray, S. A., 

Olaldeportugal, V., Meier, C.E. & Bo, S. 

H. (1996) Non-nutritional stress 

acclimation of mycorrhizal woody plants 

exposed to drought. Tree Physiology. 16, 

985-993. 

[6] Kothari, S. K., Marschner, H., and 

George,  E.  (1990)  Effect  of  VA  

mycorrhizal fungi and rhizosphere 

microorganisms on root and shoot 

morphology, growth, and water relations 

of maize. New Phytol. 116, 303–311. 

[7] ][ Subramanian, K. S., Santhanakrishnan, 

P., Balasubramanian, P. (2006) Responses 

of field grown tomato plants to arbuscular 

mycorrhizal fungal colonization under 

varying intensities of drought stress,  

Scientia Horticulturae. 107, 245–253. 

[8] Al-Karaki, GN. (2006). Nursery 

inoculation of tomato with arbuscular 

mycorrhizal fungi and subsequent 

performance under irrigation with saline 

water. Sci. Hort. 109, 1-7. 

[9] Faber, B. A., Zasoski, R. J., Munns, D. 

N., and Shackel, K. (1991) A method for 

measuring hyphal nutrient and water 

uptake by mycorrhizal plants. Can. J. Bot. 

69, 87–94. 

[10] Redecker, D., (2005) Arbuscular 

mycorrhizal fungi and their relatives. Tree 

of life website. www.tolweb.org/  

[11] Aug´e, R. M., Schekel, K. A. and 

Wample, R. L. (1986) Greater leaf 

conductance of well-watered VA 

mycorrhizal rose plants is not related to 

phosphorus nutrition. New Phytol. 103, 

107-116. 

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                            10 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


        ...        
 

11 

[12] Fitter, A. H. (1988). Water relations of red 

clover Trifolium pratense L. as affected 

by VA mycorrhizal infection and 

phosphorus supply before and during 

drought. Journal of Experimental Botany. 

39, 595-604. 

[13] Graham, J. H., Syvertsen, J. P., and 

Smith,  M.  L.  (1987)  Water  relations  of  

mycorrhizal and phosphorus-fertilized 

nonmycorrhizal citrus under drought 

stress. New Phytol. 105, 411–419. 

[14] Nelson, C. E., and G. R. Safir. (1982) The 

water relations of well-watered, 

mycorrhizal, and nonmycorrhizal onion 

plants. Journal for the American Society 

of Horticulture Science. 107,171-274. 

[15] Gavito, M., Curtis, P., Jakobsen, I. (2008) 

neither mycorrhizal inoculation nor 

atmospheric CO2 concentration has strong 

effects on pea root production and root 

loss 38, 170–175. 

]16[  .                    ) 1379    (                           

                                                   

                                                         

     .                                                                

                             .                 
[17] Kariman, K. H., Goltapeh, E. M., and 

Minassian, V. (2005) Arbuscular 

mycorrhizal fungi from Iran. Journal of 

Agricultural Technology. 1, 301-313. 

[18] Kariman, K. H., Goltapeh, E. M., and 

Minassian, V. (2006) Evidences of 

mycoparasitism in spores of AM fungi 

isolated from sugarcane fields of Iran.  8th 

Conference of the European Foundation 

for Plant Pathology and British Society 

for Plant Pathology Presidential meeting. 

Sustainable disease management: the 

European Perspective. 13th -17th August 

2006, KVL, Frederiksberg, Denmark. 

P16/3. 

[19] Redecker, D., Hijri, I., Wiemken, A., 

(2003) Molecular identification of 

arbuscular mycorrhizal fungi in roots: 

perspectives and problems. Folia 

Geobotanica. 38,113–124. 

[20] Renker, C., Heinrichs, J., Kaldorf, M., 

and Buscot, F. (2003) Combining nested 

PCR and restriction digest of the internal 

transcribed spacer region to characterize 

arbuscular mycorrhizal fungi on roots 

from the field. Mycorrhiza. 13,191–198. 

[21] Renker, C., Weisshuhn, K., Kellner, H., 

and Buscot, F. (2006) Rationalizing 

molecular analysis of field-collected roots 

for assessing diversity of arbuscular 

mycorrhizal fungi: to pool, or not to pool, 

that is the question. Mycorrhiza. 16, 525– 

531. 

[22] Gerdemann, J. W., and Nicolson, T. H.  

(1963) Spores of mycorrhizal Endogone 

species extracted from soil by wet sieving 

and decanting, Trans. Br. Mycol. Soc. 46, 

235-244. 

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                            11 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


       3  1    1391  
 

12 

[23] Jenkis, W. R. (1964  ) A rapid centrifugal 

flotation technique for separating 

nematodes from soil. Plant Disease 

Reporter, Washington. 48, 692. 

[24] Cardoso, I. M. and Kuyper, T. W. (2006) 

Mycorrhizas and tropical soil fertility. 

Agriculture, Ecosystems and 

Environment. 116,72-84. 

[25] Tao, L. and Zhiwei, Z. (2005) Arbascular 

mycorrhizas in a hot and arid ecosystem 

in southwest china. Applied SoilEcology. 

29, 135-141. 

[26] Altschul, S. F., Madden T. L., Schaffer A. 

A., Zhang J. H., Zhang Z., Miller, W. and 

Lipman, D. J. (1997) Gapped BLAST and 

PSI-BLAST: a new generation of protein 

database search programs. Nucleic Acids 

Research. 25, 3389-3402. 

[27] Thompson, J. D., Higgins, D. G., and 

Gibson,  T.  J.  (1994)  CLUSTAL  W:  

improving the sensitivity of progressive 

multiple sequence alignment through 

sequence weighting,position-specific gap 

penalties and weight matrix choice. 

Nucleic Acids Research. 22, 4673–4680. 

[28] Hall, T. A. (1999) BioEdit: a user-friendly 

biological sequence alignment editor and 

analysis program for windows95/98/NT. 

Nucleic Acid Symposium Series. 41, 95–98. 

[29] Nei,  M.,  and  Saitou,  N.  (1987)  The  

neighbor-joining method: A new method 

for reconstructing phylogenetic trees. 

Molecular Biology and Evolution. 4, 406-

425. 

[30] Tamura. K., Dudley, J., Nei, M., and 

Kumar, S., (2007) MEGA4: Molecular 

Evolutionary Genetics Analysis (MEGA) 

software version 4.0. Molecular Biology 

and Evolution. 24, 1596–1599. 

[31] Pawlowska, T. E., Blaszkowski, J., and 

Rühling, A. (1996) The mycorrhizal status 

of plants colonizing a calamine spoil 

mound in southern Poland. Mycorrhiza. 6, 

499-505. 

[32] Tonin, C., Vandenkoornhuyse, P., Joner, 

E. J., Straczek, J. and Leyval, C. (2001) 

Assessment of arbuscular mycorrhizal 

fungi diversity in the rhizosphere of Viola 

calaminaria and effect of these fungi on 

heavy metal uptake by clover. 

Mycorrhiza. 10,161-168. 

[33] Whitfield, L., Richards, A. J., and 

Rimmer, D. L. (2004) Relationships 

between soil heavy metal concentration 

and mycorrhizal colonization in Thymus 

polytrichus in Northen England. 

Mycorrhiza. 14, 55-62. 

[34] Zarei, M., Saleh-Rastin, N., Jouzani, G. 

S., Savaghebi, G., Buscot, F. (2008) 

Arbuscular mycorrhizal abundance in 

contaminated soils around a zinc and lead 

deposit. Eeuropean Journal of Soil 

Biology. 44, 381-391. 

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

                            12 / 13

https://biot.modares.ac.ir/article-22-11325-en.html


        ...        
 

13 

[35] Hempel, S., Renker, C., Buscot, F. 

(2007)Differences in the species 

composition of arbuscular mycorrhizal 

fungi in spores, root and soil communities 

in grassland ecosystem. Environmental 

Microbiology. 9, 1930-1938. 

[36] Borstler B, Renker C, Kahmen A and 

Buscot F (2006) Species composition of 

arbuscular mycorrhizal fungi in two 

mountain meadows with differing 

management types and levels of plant 

biodiversity. Biol. Fertil. Soils. 42, 286-

298. 

[37] Öpik, M., Moora, M., Liira, J., Kõljalg, 

U., Zobel, M., and Sen, R. (2003) 

Divergent arbuscular mycorrhizal fungal 

communities colonize roots of Pulsatilla 

spp. in boreal Scots pine forest and 

grassland soils. New Phytologist. 160, 

581–593. 

[38] McGonigle, T. P., Fitter, A. H. (1988) 

Growth and phosphorus inflows of 

Trifolium repens L. with a range of 

indigenous vesicular-arbuscular 

mycorrhizal infection levels under field 

conditions. New Phytologist. 108, 59-65. 

 

 [
 D

ow
nl

oa
de

d 
fr

om
 b

io
t.m

od
ar

es
.a

c.
ir

 o
n 

20
24

-0
4-

25
 ]

 

Powered by TCPDF (www.tcpdf.org)

                            13 / 13

https://biot.modares.ac.ir/article-22-11325-en.html
http://www.tcpdf.org

