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ABSTRACT 
Mutation induction is an important method for generating genetic diversity. Purslane (Portulaca oleracea L.) has 
unique medicinal uses due to its high content of beneficial antioxidants and omega-3 fatty acids. In this study, the 
genetic diversity of 24 mutant lines of fourth-generation (M4) purslane obtained from dimethyl sulfate treatment 
together with the control was investigated in a randomized complete block design with 3 replicates. The differences 
among the lines were significant in traits including plant height, leaf length, leaf width, stem dry weight, and leaf 
chlorophyll in the 30-day-old plant. The principal coordinates and cluster analyses divided the lines into two separate 
clusters. The lines in cluster 1 had a significant advantage over the lines in cluster 2 for most traits such as stem fresh 
weight, leaf fresh weight, and number of capsules per plant. The number of leaves was significantly correlated with 
stem fresh weight, leaf fresh weight, plant fresh weight, number of capsules per plant and the ratio of plant dry weight 
to plant fresh weight. In sequential path analysis, stem fresh weight in the first order was the only trait affecting 
number of capsules per plant, and in the second-order, leaf fresh weight and plant height were the most important 
traits that had an effect on number of capsules per plant through the direct effect of stem fresh weight. L18 mutant 
line had a significant advantage over the control in some agronomic traits such as plant height, leaf length and 
number of capsules per plant, that can be used for future research, especially for cultivation, commercialization and 
extensive planting for uses as vegetables, oil extraction, and medicinal applications. 
 
Keywords: Mutation induction, principal coordinate analysis, sequential path analysis, variance components. 
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Table 1. Descriptive statistics of measured traits in the M4 lines of purslane. 

 
Minimum  Maximum Mean (�̅± ��̅) Variance CV% 

Plant height in 30-day-old plant (cm) 21.00 45.00 30.2±0.61 18.45 14.22 
Plant height in 50-day-old plant (cm) 45.00 89.00 62.25±1.32 87.01 14.99 
Plant diameter (mm) 104.50 188.00 147.73±2.99 447.84 14.33 
Number of leaves 227.00 1984.00 872.69±59.8 178831.21 48.46 
Leaf length (mm) 23.20 49.33 38.51±0.74 27.65 13.66 
Leaf width (mm) 11.40 26.60 18.85±0.42 8.93 15.85 
Stem fresh weight (g) 55.00 566.00 228.74±16.63 13825.91 51.40 
Leaf fresh Weight (g) 20.00 306.00 92.6±8.01 3206.94 61.16 
Stem dry weight (g) 5.92 76.75 28±2.19 240.22 55.36 
Leaf dry weight (g) 1.36 20.57 6.9±0.55 15.12 56.39 
Number of capsules in Plant 14.00 299.00 89.55±8.78 3855.58 69.34 
Leaf chlorophyll in 30-day-old plant (unit) 28.30 48.80 41.43±0.48 11.64 8.23 
Leaf chlorophyll in 50-day-old plant (unit) 23.00 69.20 43.73±0.99 49.24 16.05 
Number of lateral stems 14.00 27.00 22.87±0.45 9.99 13.82 
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Table 2. Results of variance analysis of traits in the M4 lines of purslane. 

Source of variation df Mean of squares 
PH30 PH50 PD NL LL LW SFW LFW 

Replication 2 81.92** 68.84ns 13.11ns 0.82ns 21.87ns 0.31ns 0.72ns 0.22ns 
Line 24 32.58** 126.54* 498.33ns 0.48ns 44.39** 16.65** 0.25ns 0.23ns 
Error 48 1.67 48.23 415.46 0.43 11.15 1.56 0.23 0.15 
Variance 
components 

Genetical 15.46 39.16 41.43 0.03 16.62 7.54 0.01 0.04 
Environmental 0.84 24.12 207.73 0.21 5.58 0.78 0.12 0.08 
Morphological 16.29 63.27 249.16 0.24 22.20 8.32 0.13 0.11 

Genotypic coefficient of variation (%) 13.02 10.05 4.36 3.00 10.59 14.57 2.85 6.37 
Phenotypic coefficient of variation (%) 13.37 12.78 10.68 9.22 12.23 15.31 9.42 11.21 
Broadsense heritability (%) 94.87 61.88 16.63 10.60 74.87 90.61 9.19 32.34 

 � ** �*ns*:T� K�=!= #) :  j�	�R% lI9 �� �%�5  �1 Ai�� *:T�!�e � .�%� 
*, **, ns: Significantly difference at 5 and 1% of probability levels, and non-significantlt difference, respectively.  

  
 #�%�%j�A3 2 . q(��' �� P�>i w'�(�%� #(Dc=/(0�.  4M #�!+. 

Continued table 2. Results of variance analysis of traits in the M4 lines of purslane. 
Source of Variation df Mean of squares 

SDW LDW NC Chl30 Chl50 NLS 
Replication 2 0.33* 0.08ns 1.28* 0.39ns 165.44* 0.38ns 
Line 24 0.13* 0.06ns 0.21ns 20.61** 56.33ns 11.69ns 
Error 48 0.07 0.04 0.24 3.14 37.31 8.68 
Variance 
components 

Genetically 0.033 0.012 0.015 8.73 9.51 1.50 
Environmental 0.033 0.018 0.119 1.57 18.66 4.34 
Morphological 0.067 0.030 0.134 10.30 28.16 5.85 

Genotypic coefficient of variation (%) 8.18 6.84 4.14 7.13 7.05 5.36 
Phenotypic coefficient of variation (%) 11.57 10.97 12.36 7.75 12.14 10.57 
Broadsense heritability (%) 49.96 38.96 11.23 84.77 33.76 25.74 

 � ** �*ns K�=!= #) : P��>=*:T�  j�	�R% lI9 �� �%�5  �1  � Ai��=��>= ��E'*:T	 .�%� 
*, **, ns: Significantly difference at 5 and 1%  of probability levels, and non-significantly difference, respectively.  
PH30 Plant Height in 30-day-old plant, PH50 Plant Height in 50-day-old plant, PD Plant Diameter, NL Number of Leaves, LL Leaf Length, LW Leaf 
Width, SFW Stem Fresh Weight, LFW Leaf Fresh Weight, SDW Stem Dry Weight, LDW Leaf Dry Weight, NC Number of Capsules in Plant, Chl30 
Leaf Chlorophyll in 30-day-old plant, Chl50 Leaf Chlorophyll in 50-day-old plant, NLS Number of Lateral Stems. 
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Table 3. Mean comparison of traits (�̅± ��̅) in the M4 lines of purslane. 
M4 Line PH30 PH50 LL LW SDW Chl30 
Control 32.5±2.5cdef 65.67±2.67bcdef 30.89±0.8f 23.57±0.47b 18.67±1.2cde 41.9±1.1cdefgh 
L1 34±1bc 67±4bcde 38.35±0.45bcde 17.55±0.05fghi 29.52±10.92abcde 43.65±2.55abcd 

L2 28.5±0.5hijk 59.75±6.75cdefgh 39.2±1.4bcd 17.7±0.1efghi 31.34±5.03abcde 31.3±3j 

L3 32.5±2.5cdef 52.5±3.5fgh 37±0.8bcdef 17.4±0.6fghi 23.68±1.49bcde 42.35±1.45bcdefg 
L4 27±0.002k 59.5±3.5cdefgh 40.3±2.1bcd 19±1.8defg 43.68±13.43abc 38.25±1.25hi 

L4_1 30.5±0.5efghi 76.5±7.5ab 33.7±0.1def 16.8±0.6ghi 65.09±11.67a 45.9±0.7ab 

L5 33±0.0003bcde 66.5±5.5bcdef 49.27±0.07a 23.4±0.2b 21.75±3.48bcde 39.1±0.0001ghi 
L6 29±1ghijk 55.5±0.5efgh 39.68±0.08bcd 20.23±0.03cde 22.82±10.1bcde 39.75±0.65efghi 

L7 31.5±1.5cdefg 60.5±1.5cdefgh 36.45±0.05bcdef 18.55±0.05efg 13.29±6.74e 43.25±0.75bcde 

L8 29±1ghijk 58±2defgh 48.7±0.1a 21.65±0.05bc 12.42±1.75e 40.95±0.65defgh 
L9 26.5±1.5k 63.5±5.5bcdefh 38.15±0.05bcde 19.45±0.05cdef 37.4±9.55abcd 39.7±1.5efghi 

L10 26.5±1.5k 55.5±1.5efgh 39.75±0.05bcd 18.35±0.05efg 42.68±17.01abc 41.8±0.6cdefgh 

L10_1 27.5±2.5jk 50±5h 39.55±0.05bcd 18.4±0efg 24.49±14.07bcde 44.25±1.85abcd 
L11 27±1k 50.5±4.5gh 43.05±0.05ab 26.55±0.05a 27.34±1.57bcde 41.4±1.3cdefgh 

L12 27.5±3.5jk 57±2defgh 41.55±0.05bc 21.45±0.05bcd 50.48±3.75ab 42.2±0.3cdefg 

L13 26.5±1.5k 57.5±1.5defgh 36.8±2.6bcdef 15.6±0.2hij 14.11±4.29e 46.95±1.85a 
L14 28.5±1.5hijk 65±2bcdef 30.2±7f 17±0.8fghi 15.12±8.14e 42.85±0.25bcdef 

L15 23.5±2.5l 61.5±7.5cdefgh 41.65±0.05bc 21.55±0.05bcd 28.45±4.85abcde 36.75±1.65i 

L16 32.5±1.5cdef 62.75±3.25bcdefh 35.3±1.3cdef 18.1±0.1efgh 28.05±12.28bcde 39.2±0.5fghi 
L17 33.5±1.5bcd 55.5±5.5efgh 39.4±2.4bcd 17.6±1.6fghi 16.96±11.04de 41.65±0.35cdefgh 

L17_1 28±0.00042ijk 64.5±4.5bcdefg 31.6±7.8ef 13.4±2j 13.13±4.14e 44.95±0.05abc 

L18 43.5±1.5a 83.5±5.5a 43.1±0.1ab 17.75±0.05efghi 25.31±11.66bcde 42.8±0.5bcdef 
L19 30±0.00032fghij 70±9abcd 39.1±2.1bcd 16.9±0.7fghi 38.82±13.08abc 41.75±0.95cdefgh 

L20 35.5±0.5b 64.5±10.5bcdefg 34.3±0.1def 17.85±0.05efghi 28.89±2.8abcde 43.95±0.05abcd 

L21 31±1defgh 73.5±0.5abc 35.7±2.9cdef 15.43±2.63ij 26.48±5.83bcde 39.2±0.2fghi 

�� !. 
��9 0�['���*(�. �) 4d%AR 8( p!R �t!�B� P��>= *:T�  �%� A'�%A'.  j�A3 �� P�>i \9%2 .<9% ;A
 #(%�% 

In each column means followed by at least a common letter, are not significantly different. The names of the traits are presented in Table 2. 
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Figure 1. Principal Coordinates Analysis of the M4 lines of purslane. 
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Figure 2. Dendrogram obtained from the cluster analysis of M4 purslane lines. 

  

 j�A34 0�['��� .(��± ���) #
�+#)  �. <9� #
�+ #(Dc= �% ;A�M  %/(0�.  4M #�!+. 

Table 4. Mean (��± ���) of clusters obtained from cluster analysis of the M4 lines of purslane. 

Traits 

Mean (�̅± ��̅) 
The difference between 

the two clusters Cluster 1 

(4 members) 
Cluster 2 

(21 members) 
Plant height after 30 days (cm) 33±3.61 29.67±0.69 Ns 
Plant height after 50 days (cm) 71±7.15 60.58±1.13 * 
Plant diameter (mm) 167.11±7.41 144.04±2.9 ** 
Number of leaves 1233±244.81 804.06±53.12 * 
Leaf length (mm) 38.89±2.45 38.44±1.05 Ns 
Leaf width (mm) 19.13±2.52 18.79±0.54 Ns 
Stem fresh weight (g) 383±50.46 199.36±10.76 ** 
Leaf fresh Weight (g) 161.38±41.22 79.5±5.37 ** 
Stem dry weight (g) 36.05±9.69 26.46±2.43 Ns 
Leaf dry weight (g) 7.87±0.62 6.71±0.77 Ns 
Number of capsules 151.25±8.26 77.8±7.29 ** 
Leaf chlorophyll in 30-day-old plant (unit) 42.33±1.4 41.26±0.72 Ns 
Leaf chlorophyll in 50-day-old plant (unit) 39.36±2.4 44.56±1.11 Ns 
Number of lateral stems 21.88±1.97 23.06±0.46 ** 

 � ** �*ns K�=!= #) : P��>=*:T�  j�	�R% lI9 �� �%�5  �1  � Ai�� P��>= ��E'*:T� .�%� 
*, **, ns: Significantly difference at 5 and 1% of probability levels, and non-significantly difference, respectively.  
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Figure 3. Sequential path diagram for the number of capsules in M4 purslane lines. The names of the traits are 

presented in Table 2. 
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Figure 4. Sequential path diagram for plant fresh weight in M4 purslane lines. The names of the traits are presented in 

Table 2.  PFW: Plant Fresh Weight 
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