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ABSTRACT                        Sargassum (Sargassaceae, Fucales) is a common macroalgal genus occurring 
throughout the world, except in the polar regions. Sargassum species are one of economically 
important brown algae in south of Iran. In this study, molecular variations were assessed in 
three Sargassum species;  Sargassum tenerrimum J. Agardh, Sargassum glaucescens J. Agardh 
and Sargassum ilicifolium C.Agardh, widely distributed species in the southwest of Iran (Oman 
Sea). RAPD and ISSR markers were used to assess genetic variation within populations of each 
3 species. Four of 30 RAPD primers as well as six combination of RAPD primers which have been 
used which all produced reproducible bands with high polymorphism (>96%). All populations 
in 3 species showed unique alleles which made unique profiles for each population. Twelve 
ISSR markers including single and combined primers showed high polymorphism (>94%). Nei’s 
genetic diversity, Shannon index showed high values between populations while no variations 
were observed within populations (Hpop =0, 1-Hpop/Hsp =1) in both molecular markers stud-
ied. AMOVA test also confirmed lack of variation within them. Different clustering like UPGMA 
and Neighbor Joining separated populations of each species studied based on RAPD and ISSR 
data. This is the first study on evaluation of inter-population variation in some of  Sargassum 
species in Iran. Acta Biol Szeged 55(1):19-26 (2011)
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Materials and Methods RAPD and ISSR amplification

Figure 1. The location of three populations studied in Oman Sea seashore.

population species Sample site SST/Salinity

Chabahar S. glaucescens
S. ilicifolium

Chabahar, Sistan & Balochestan province; N 61° 39´, E 
25° 17´

22.3°-31°/35ppt-39ppt

Guatr S. tenerrimum
S. glaucescens
S. ilicifolium

Guatr, Hormozgan province, N 61° 30´, E 25° 10´ 20°-30.5°/ 35ppt-40ppt

Tang S. tenerrimum
S. glaucescens
S. ilicifolium

Tang, Hormozgan province, N 59° 54´, E 25° 21´ 22°-30.5°/35ppt-39ppt

Table 1. Sample details of Sargassum populations detected in the study.



Data analysis

Results

RAPD and ISSR amplification

Table 2. ISSR and RAPD loci studied and their genetic parameters.

RAPD Loci S (bp) Na U Ne I H P (%)

OPA2 375-1750 18 4 1.64(0.34) 0.52(0.21) 0.35(0.16) 100
OPA3 450-3000 19 3 1.56(0.34) 0.47(0.24) 0.32(0.17) 100
OPA4 270-2000 30 8 1.54(0.31) 0.48(0.19) 0.32(0.14) 96.60
OPA13 375-3500 33 12 1.49(0.31) 0.45(0.21) 0.30(0.15) 100
OPA2/OPA3 100-1400 13 2 1.45(0.32) 0.42(0.23) 0.27(0.16) 100
OPA2/OPA4 100-1400 16 2 1.62(0.41) 0.47(0.29) 0.33(0.20) 100
OPA2/OPA13 150-1400 22 5 1.57(0.31) 0.50(0.190 0.33(0.14) 95.40
OPA3/OPA4 150-1100 16 3 1.46(0.35) 0.41(0.26) 0.27(0.18) 81.25
OPA3/OPA13 200-1450 25 5 1.54(0.35) 0.31(0.17) 0.46(0.24) 92.00
OPA4/OPA13 150-1400 17 3 1.72(0.28) 0.58(0.12) 0.40(0.11) 100
mean -- 20.90 4.7 1.55 0.46 0.33 96.52
ISSR Loci
UBC807(AG)8T 333-1400 15 2 1.53(0.28) 0.48(0.21) 0.32(0.15) 86.67
UBC-810(GA)8T 100-1200 18 0 1.59 (0.42) 0.44(0.31) 0.31(0.22) 83.30
UBC-811 (GA)8C 260-1200 4 0 1.29(0.38) 0.25(0.32) 0.17(0.21) 96.60
UBC-823 (TC)8C 813-1250 5 0 1.59(0.36) 0.48(0.27) 0.33(0.19) 96.60
UBC-834 (AG)8YT 100-1300 16 1 1.61(0.35) 0.50(0.24) 0.34(0.17) 93.70
UBC-849 (GT)8YA 250-1400 17 4 1.58(0.29) 0.51(0.18) 0.34(0.13) 96.60
UBC-807/811 312-330 2 0 1.94(0.08) 0.67(0.02) 0.48(0.02) 100
UBC-807/823 200-1250 7 1 1.44(0.23) 0.37(0.30) 0.25(0.21) 100
UBC-807/849 200-450 3 0 1.69(0.16) 0.59(0.05) 0.40(0.05) 100
UBC-811/823 230-625 7 1 1.63(0.20) 0.56(0.09) 0.37(0.08) 100
UBC-811/849 450-750 4 1 1.37(0.28) 0.37(0.26) 0.24(0.17) 75.00
UBC-823/849 100-550 6 2 1.47(0.36) 0.43(0.23) 0.28(0.17) 100
mean -- 8.66 1 1.56 0.47 0.31 94.03

Size range (S), Number of alleles (Na), Unique allele (U), Number of effective alleles (Ne), Shannon Index (I), Nei’s genetic diversity (H) and Polymorphism% (P%), 
number in parenthesis (Standard deviation). 



Genetic diversity among populations and 
species

Genetic relationships

Table 3. Genetic parameters among Sargassum species based on RAPD and ISSR loci studied.

RAPD ISSR
Species P% Na U Ne I Hsp P% Na U Ne I Hsp

S. ilicifolium 73 142 9 1.35(0.39) 0.28(0.31) 0.19(0.22) 53 69 5 1.25(0.37) 0.19(0.29) 0.13(0.20)
S. glaucescens 37 109 10 1.14(0.30) 0.11(0.24) 0.07(0.16) 27 65 11 1.12(0.29) 0.10(0.23) 0.07(0.16)
S. tenerrimum 41 78 18 1.13(0.34) 0.09(0.23) 0.06(0.17) 18 38 6 1.05(0.23) 0.04(0.16) 0.02(0.11)

Size range (S), Number of alleles (Na), Unique allele (U), Number of effective alleles (Ne), Shannon Index (I), Nei’s genetic diversity (H) and Polymorphism% (P%), 
number in parenthesis (Standard deviation).



Figure 2. UPGMA dendrogram based on RAPD data; abbreviation as explained in Table 4.

Figure 3. PCO ordination based on RAPD data; I , S. ilicifolium; T, S. tenerrimum; G, S. glaucescens.



Discussion

Figure 4. UPGMA dendrogram based on ISSR data; abbreviation as explained in Table 4.

I-Ch I-Ta I-G G-Ch G-Ta G-G T-T T-G

I-Ch 0.347 0.359    0.401 0.403   0.469    0.732    0.732    
I-Ta 0.270      0.341      0.501    0.546    0.562    0.723    0.655  
I-G 0.216    0.216      0.433      0.476    0.533    0.517    0.532   
G-Ch 0.480    0.453    0.494      0.117      0.137    0.632    0.616    
G-Ta 0.508    0.453    0.551    0.070     0.117      0.539    0.569  
G-G 0.508    0.453    0.522    0.165   0.107      0.582      0.613    
T-T 0.596    0.536    0.581    0.745    0.745    0.676      0.146     
T-G 0.551    0.494    0.536    0.763    0.763    0.693    0.061      

abbreviation: I-Ch, S. ilicifolium Chabahar population; I-Ta, S. ilicifolium Tang population; I-G, S. ilicifolium Guatr population; G-Ch, S. glaucescens Chabahar popula-
tion; G-Ta,  S. glaucescens Tang population; G-G, S. glaucescens Guatr population; T-T, S. tenerrimum Tang population; T-G, S. tenerrimum Guatr population.

Table 4. Nei’s genetic distance between pairs of Sargassum populations (Upper diagonal based on RAPD data and below diagonal 
based on ISSR data).
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Source of variation Degree of freedom Sum of squares Variance compo-
nents

Percentage of 
variation

Fixation indices 
(Fst)

RAPD Among species 2 571.389 285.694 68% 0.679
Within species 21 339.778 16.180 32%
Total 23 911.167 100%

ISSR Among species 2 326.375 163.188 77% 0.774
Within species 21 122.500 5.833 23%
Total 23 448.875 100%

Table 5. Analysis of molecular variance (AMOVA) based on RAPD and ISSR data.

* P<0.001




