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Table 1. Lettuce cultivars and population properties were used in this research

Accession Number

(genotype Name) 5555 pb

(Genotype) 555

KY946000 Lechuga Reina de mayo(lettuca May Queen) 1
KY945999 (Lettuca Ferdows) ys93,8 (so¥lw (g4alS 2
KY946002 (Lettuca Everest) cuw sl gy 928 3
KY946001 Tehran_Lettuce_Screw .| o5 zu sal8 4
KY941102 Lettuce_screws_(Konkovistador) (5ol 555s8) Ay gy salS 5
KY941103 Lettuca Salad >Ylo gals’ 6
KY941104 Lettuce_leaves_Yazd 5} (S, gol5’ 7
KY941105 Lechuga Romana larga verde- Teresa (Romaine lettuce long, green Teresa) 8
KY941106 lettuce_Talkhonchelsfahan  lasl aougsdlb gals 9
KY941110 Parsagad_Lecttuce_Screw sl5,luoly gy sal8 10
KY941111 Lechuga Romana larga rubia —Galaica (Romaine lettuce long, blonde Ggalaica) 11
KY941112 Isfahan lettuce_Leaf - kaol 45,9 (S sal8 12
MF510831 Escarola rizada Cabello de angel (Curly endive hair angel) 13
MF510833 Col de milan Aubervilliers (Cabbage Milan Aubervilliers) 14
MF510832 Nain Lettuce_leaves laol 436 5y salS 15
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Table 2. Maximum Composite Likelihood Estimate of the Pattern of Nucleotide Substitution of lettuce ribosomal
genes based on Tamura-Nei Model (43)

A T c G
A _ 1.14 1.14 48.35
T 1.09 3 0.21 1.27
c 1.09 017 3 1.27
G 41.39 114 1.44
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Table 3. The Proportion of bases pair forming in the ITS sequence of all cultivars and populations of lettuce

Genotypescas s/ w8 T c A G Total
Lettuce May Queen 22.3 275 21.8 27.4 669
Lettace Ferdows 22.7 26.5 24 26.8 992

Lettace Everest 23.2 27.6 21.8 27.4 671

Tehran Lettuce Screw 26.1 27.1 22 24.8 568
Lettuce screws (Konkovistador) 22.4 26 24.1 27.4 991
Lettace Salad 223 25.7 233 27.7 982

Lettuce leaves Yazd 23.1 243 24.7 27.9 847
Romaine lettuce long green Teresa 22.8 27.1 23 27.2 961
lettuce Screw 25.4 26.9 23.8 23.8 940

Parsagad Lecttuce Screw 21.1 26.4 244 28.2 907
Romaine lettuce long blonde Galaica 25.6 26.2 229 25.3 946
lettuce Leaf 24.9 26.8 245 238 1026

Curly endive hair angel 27.3 25.1 22 255 685
cabbage milan Aubervilliers 22 243 26.7 26.9 830
Lettuce leaves Nain 21.2 233 26.7 28.8 1018

Avg. 235 26 23.9 26.6 837
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Table 4. Genetic distance matrix of lettuce populations and cultivars based on ITS region sequences

Genotypes 1 2 3 4 5 6 8 9 10 11 12 13 14
2 0.000
3 0.000  0.000
4 0.209  0.209  0.209
5 0.000 0.000 0.000 0.209
6 0.000 0.000 0.000 0.029  0.000
7 0.000 0.000 0.000 0.209  0.000  0.000
8 0.007  0.007 0.007 0220 0.007 0.007  0.007
9 0289 0289 0289 0.066 0289 0289 0289 0.301
10 0.000 0.000 0.000 0.209 0.000 0.000 0.000 0.007 0.289
11 0.040 0.040 0.040 0.230 0.040 0.040 0.040 0.049 0.213  0.040
12 0441 0441 0441 0248 0441 0441 0441 0443 0320 0441 0.485
13 0.209 0209 0.209 0.000 0.209 0.209 0.209 0.220 0.066  0.209  0.230  0.248
14 0.040  0.040 0.40 0.178 0.40 0.040 0.040 0.049 0.265 0.040 0.083 0.444 0.178
15 0.000 0.000 0.000 0.209 0.000 0.000 0000 0007 028 0000 0040 0411 0209  0.040
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Table 5. Genetic distance matrix of lettuces ITS region sequences based on collecting countries

Spain Iran Chain Italy
Spain 1
Iran 0.1332 1
Chain 0.0644 0.1044 1
Italy 0.0881 0.1260 0.0409 1
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Figure 1. Dendrogram Comparison of ITS Sequences in Lettuce populations and cultivars based on Clustal W
methods using Mega 6 Software
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Figure 2. Dendrogram Comparison of ITS Sequences in Lettuce Fopulations and cultivars in this research and some
others of Asteraceae genus family based on Clustal W methods using Mega 6 Software
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Figure 3. The position of restriction enzymes site on the ITS gene sequence in this research
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Table 6. Introduction of the restriction enzymes with the ability to produce polymorphic bands in the ITS sequence in

this research

The size of polymorphic bands

Enzyme Name Number cut Restriction site
PspGl 1 35"11'(;%:&/”&(1 '::_35:, 65 nucleotide and 1535 nucleotide
SenSARA26111 1 35".::'T/\C}R\F(¢TC21'.'.'.35,’ 97 nucleotide and 1503 nucleotide
MapALll 1 g: o (C}Il\ggzghlslg o g: 788 nucleotide and 812 nucleotide
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Figure 4. Two-dimensional pattern of distribution of Lettuce populations and cultivars studied using three main
components
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Abstract

Lettuce is belong to the Cichorium family with leaf consumption, Annua cold weather
plants and rich in minerals, vitamins and nutrients. The aim of the present study was to evaluate
the genetic diversity of 15 varieties and lettuce populations using the ITS area. Sequence quality
was evaluated using Chromas 2.1.1 software, aligned by MegAlign 5 software and then
similarity matrix and dendrogram of phylogenic relationships of Lettuce sequences were
conducted using Mega 6 software. Also, a comparison was conducted among the lettuce were
used in this research and other plants of the Asteraceae genus family (presented on NCBI site).
The numerical value of the ratio (dN/dS) was 0.015, which indicates a pure selection in the
examined gene and has not caused any key changes. Cluster analysis split the different
genotypes of lettuce into 3 groups and could not differentiate by geographical location but it
could separate the lettuce of this research and other plants from different species of the
Asteraceae family related by NCBI. Therefore, it can be concluded that ITS can be a suitable
tool for genetic evaluations among genus and among species. The inability of ITS marker to
separate the intra-species of populations it could be because dN/dS was less than and a small
number of deletion and insertion sites (376 out of 1551 positions) indicating low variation
between different genotypes and populations. Considering that the Initia origin of the plantsis
belong to the centers that are most diverse and because varzaneh Lettuce populations of Isfahan
have the most varieties, as a result, it is necessary to pay more attention to the Varzaneh region
of Isfahan to collection of lettuce germplasms for breeding programs.
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