
GENETIC DIVERSITY STUDIES ON FICUS 

 

 
By 

 

 

SHIMAA MOSTAFA KASSEM HASSAN 
B.Sc. Agric. Sci. (Genetics), Fac. Agric., Ain Shams Univ., Egypt, 2004 

M.Sc. Agric. Sci. (Genetics), Fac. Agric., Ain Shams Univ., Egypt, 2013 

 

 
 

THESIS 
Submitted in Partial Fulfillment of the 

Requirements for the Degree of 

 

 

DOCTOR OF PHILOSOPHY  
 

In 
 

Agricultural Sciences 
 (Genetics) 

 
 

Department of Genetics 
Faculty of Agriculture 

Cairo University 

EGYPT 
 

2020 

 

 
Format Reviewer                                                      Vice Dean of Graduate studies                                     



  

 

Name of Candidate:  Shimaa Mostafa Kassem                      Degree: PhD.            

Title of Thesis: Genetic Diversity Studies on Ficus 

Supervisors: Dr. Ebtissam Hussein Aly Hussein 

                       Dr. Basita Abbass Hussein                     

                       Dr. Hanaiya Abbas El-Itriby 

Department: Genetics                                                   Approval: 14 / 10 /2020 

ABSTRACT 

 
In the present investigation, an extensive study was conducted to address the 

morphological and molecular characterization of seventeen Ficus species, thirty-five common fig 

(Ficus carica L.), and seven sycomorus fig (Ficus sycomorus L.) samples grown in Egypt in order 

to be preserved in the Gene Bank. The morphological characterization was conducted according to 

the Fig (Ficus carica) IPGRI descriptor (2003). The seventeen Ficus species were morphologically 

characterized using twenty leaf characters , while, the molecular characterization was conducted 

using 15 SSR primer pairs, 7 AFLP primer combinations and 2 DNA barcoding loci (rbcL and 

matK). The one-way ANOVA test for the four measured morphological traits showed significant 

differences among the seventeen species. F. microcarpa Hawai showed the lowest value for both 

leaf length and leaf width, while, the highest leaf length and leaf width were revealed by F. hispida 

and F. carica, respectively. Moreover, most of the leaf descriptive characters showed variability 

among the studied species, and F. carica possessed the distinctive unique descriptive character of 

leaf lobation. The seven AFLP primer combinations amplified 622 amplicons, while, the fifteen 

SSR primers revealed 76 alleles. Although the percentage of polymorphism detected by SSRs 

(98.68%) was comparable to that of AFLPs (98.49%) however, only 10 species were characterized 

by 16 SSR unique positive markers. On the other hand, the AFLP markers amplified 100 unique 

positive/negative markers and were able to identify each of the seventeen species. Moreover, the 

rbcL DNA barcode was successfully amplified in the seventeen species. Meanwhile, the matK 

primers failed to amplify in the DNA of  F. lutea species. The rbcL and matK sequences for the 

three species (F. afzelii, F. platypoda and  F. trijuja) were submitted and recorded as new entries in 

the GenBank-NCBI database. Twenty leaf-morphological characters and fifteen SSR markers were 

used to characterize thirty-five common fig samples representing nine varieties/cultivars grown in 

Egypt. The one-way ANOVA test revealed high variation in the leaf measured traits. The leaf 

length means value ranged from 12.05 to 28.33 cm. While, the leaf width revealed an average 

ranging from 9 to 23 cm. In addition, the petiole length/leaf length and petiole thickness  characters 

ranged from 0.18 to 0.58 mm and from 0.35 mm to 0.9 mm, respectively. Out of the 16 descriptive 

characters, four characters (petiole color, petiole cross section, leaf venation and leaf margin 

dentation) showed the same character type across the thirty-five fig samples. The fifteen SSR 

markers revealed 22 alleles, with an average ranging from 1 to 3 alleles/marker. The SSR-based 

dendrogram assigned 9 out of the 12 groups of samples to their corresponding variety/cultivar, 

while the morphological characters assigned only 6 groups . Concerning the seven sycomorus fig 

samples, only one leaf measured character (petiole length/leaf length) and one descriptive trait 

(petiole length) showed significant differences among the studied samples. Moreover, the molecular 

characterization using the two SSR markers sets showed a total number of alleles 26 and 23 

amplified by Set-1 and Set-2, respectively. Only two samples (No. 7 and 1) were characterized by 5 

unique SSR markers (3 and 2, respectively). However, a unique SSR fingerprint was identified for 

each of the seven samples.  

 

Key words: Ficus, AFLP, SSR, DNA Barcoding, morphological characterization, genetic  

diversity.  



i 

 

CONTENTS 

 

 
Page 

 

INTRODUCTION …………………………………………………………. 1 

REVIEW OF LITERATURE ………………………………………... 6 

1. Collection and conservation of plant genetic resources 

(PGR) for sustainable use …………………………………………….. 
6 

2. Ficus species taxonomy, variation and diversi ty ……………… 7 

3. Ficus species importance and uses …………………………………… 14 

4. Morphological characterization of Ficus germplasm ………… 16 

5. Molecular characterization of the genetic diversity among 
Ficus species …………………………………………………........................ 

 

21 

     a. Simple Sequence Repeats (SSR) ……………………………………. 22 

     b. Amplified Fragment Length Polymorphism (AFLP) ………….. 29 

     c. DNA Barcoding …………………………………………………………… 31 

    d. Other markers used to detect genetic variability among Ficus 

species varieties and populations …………………………………….. 

35 

MATERIALS AND METHODS ………………………………………. 40 

RESULTS AND DISCUSSION ………………………………………... 59 

1. Morphological and molecular characterization of the 

seventeen Ficus species ……………………………………………… 

59 

       a. Morphological characterization of the seventeen Ficus 

species ……………………………………………………………………. 
60 

       b.  Molecular characterization of Ficus species …………….. 69 

2. Common fig (F. carica L.) variety/cultivar samples 

morphological and molecular characterization ………………… 

167 

     a. Morphological characterization of the common fig samples ... 168 

     b. Molecular characterization of the common fig  

variety/cultivar samples using SSR markers ………………………. 

184 

3. Morphological and molecular characterization of the 

sycomorus fig (Ficus sycomorus L.) samples ………………… 

194 



ii 

 

CONTENTS (CONTINUED) 
     a. Morphological characterization of the sycomorus fig  

samples ……………………………………………………………………. 
194 

     b.Molecular characterization of the sycomorus fig         

samples ……………………………………………………………………. 
199 

SUMMARY …………………………………………………………………….. 213 

REFERENCES ……………………………………………………………….. 222 

ARABIC SUMMARY ………………………………………………………  

 



 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 7.165 x 10.118 inches / 182.0 x 257.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height separately
     Rotate: Counterclockwise if needed
      

        
     D:20201027182053
      

        
     0
            
       D:20201027145234
       728.5039
       Blank
       515.9055
          

     Tall
     1
     0
     299
     84
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Separate
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     272
     286
     285
     286
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 7.165 x 10.118 inches / 182.0 x 257.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height separately
     Rotate: Counterclockwise if needed
      

        
     D:20201027182053
      

        
     0
            
       D:20201027145234
       728.5039
       Blank
       515.9055
          

     Tall
     1
     0
     299
     84
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Separate
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     272
     286
     285
     286
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 7.165 x 10.118 inches / 182.0 x 257.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height separately
     Rotate: Counterclockwise if needed
      

        
     D:20201027182053
      

        
     0
            
       D:20201027145234
       728.5039
       Blank
       515.9055
          

     Tall
     1
     0
     299
     84
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Separate
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     272
     286
     285
     286
      

   1
  

 HistoryList_V1
 qi2base




 
 
    
   HistoryItem_V1
   PageSizes
        
     Range: all pages
     Size: 7.165 x 10.118 inches / 182.0 x 257.0 mm
     Action: Make all pages the same size
     Scale: Scale width and height separately
     Rotate: Counterclockwise if needed
      

        
     D:20201027182053
      

        
     0
            
       D:20201027145234
       728.5039
       Blank
       515.9055
          

     Tall
     1
     0
     299
     84
    
     qi3alphabase[QI 3.0/QHI 3.0 alpha]
     CCW
     Separate
            
                
         AllDoc
              

       CurrentAVDoc
          

     Custom
      

        
     QITE_QuiteImposingPlus4
     Quite Imposing Plus 4.0k
     Quite Imposing Plus 4
     1
      

        
     272
     286
     285
     286
      

   1
  

 HistoryList_V1
 qi2base



