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ABSTRACT

Thyme is one of the most widely used and valuable medicinal plants in the world. To study the genetic
diversity, 22 populations of Iranian thyme from four species, T. deanensis ,T. Pubescence ,T. kotschyanus
and T. lancifolius as well as a population of T. vulgaris evaluated by 12 ISSR primers. Ten ISSR primers
produced detectable bands with 57 alleles. The highest amount of the PIC (Polymorphism Information
Content) was detected in P9 primer with 0.92 PIC. Primers with AC and AG motifs produced sharper
bands. Cluster analysis based on molecular data grouped the populations in two separate classes. The
range of genetic distance between populations varied from 0.03 to 0.4. Daran-Isfahan population and T.
vulgaris revealed the highest (1=0.43, h= 0.29) and the lowest (1=0.16, h= 0.106) intra-population
variation, respectively. The intra- and inter-population diversities contributed 23% and 77% to total
Variation, respectively. T. deanensis and T. lancifolius indicated the highest polymorphism with 98.25%
and 77.44%, respectively while the lowest polymorphism was detected in T. vulgaris (35.9 %). The intra-
and inter-species diversities contributed 10% and 90% to total variation, respectively. Results showed a
great genetic variation in Iranian thyme species which could be considered in hybridization and breeding
programs.
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Table 1. Characteristics of 23 thyme population used in this study.

Population NO. Species Origin Population NO. Species Origin
1 Deanensis Daran 12 Deanensis Kordestan
2 Deanensis Markazi. Baneh 13 Deanensis Elam
3 Deanensis  Lorestan- cheghelvandi 14 Vulgaris Esfahan
4 Deanensis Markazi- Varcheh 15 Pubescence Oromeyeh
5 Deanensis Markazi- Shazand 16 Lancifolius Markazi
6 Deanensis freydoon shahr 17 Kotschyanus Rodbar
7 Deanensis Lorestan- azgeneh 18 Kotschyanus Qazvin-Qagazan
A8 Deanensis Esfahan-semirom 19 Kotschyanus Qazvin
9 Deanensis Esfahan. Fereydan 20 Pubescence Saghez
10 Deanensis Lorestan 21 Lancifolius Markazi-
11 Deanensis Esfahan 22 Pubescence Azarbayjan.
23 Lancifolius  Markazi- chepeghli
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Table 2. ISSR primers used for analysis of Iranian thyme.

Name Sequence Annealing Temperature (C)
Py 5-CTCTCTCTCTCTCTCTG -3' 53
P, 5'-AGAGAGAGAGAGAGAGST -3' 51
Ps 5'-AGAGAGAGAGAGAGAGT -3 53
Pa 5'-CACACACACACACACAWT -3/ 50
Ps 5'- ACACACACACACACACG - 3’ 50
Ps 5" - GAGAGAGAGAGAGAGAC - 3/ 51
P; 5'-CACACACACACACACAG - 3' 51
Pg 5'- TCGTCGTCGTCGTCGC -3’ 50
P 5-TCTCTCTCTCTCTCTC -3’ 48
P1o 5'- ACACACACACACACACC -3’ 51
P 5'- AGAGAGAGAGAGAGAGC -3’ 51
P, 5'- AGAGAGAGAGAGAGAG -3’ 50
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Figure 1. Polymerase chain reaction timing applied for ISSR primers.
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Figure 2. The bands produced by ISSR primer Pg in some thymus population of on 2% agarose gel.
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Table 3- ISSR primer characteristics in thyme species accessions.
Primer N Na+SE Ne+SE I=SE Hr Hs Gst Nm  Pol% PIC

P1 7 1.01£0.07  1.32+0.031 0.27+0.024 0.283+0.006 0.184+0.006 0.325 117 544  0.68
P2 4 1.03£0.093 1.32+0.044 0.25+0.033 0.31+0.045  0.177+0.041 0489 0.64 413 057
P3 5 1.11+0.089 1.33+0.038 0.27+0.028 0.29+0.021  0.188+0.005 0.315 124 513 0.64
Pas 4 1.09£0.086 1.29+0.042 0.23+0.031 0.297+0.005 0.160+0.003 0.431 0.913 39.1 0.58
Ps 4 1.46+0.072 1.48+0.04  0.36x0.033 0.458+0.012 0.250+0.001 0429 0.937 576 [O0OCC
Ps A8 1.14%0.073 1.33+0.027 0.29+0.021 0.256+0.024 0196+0.011 0.234 177 565 0.70
Pz 6 1.03£0.083  1.33+0.034 0.28+0.026 0.296+0.030 0.191+0.012 0.340 129 485 0.71
Py 5 1.46+0.080 1.42+0.035 0.37+0.018 0.36+.003 0.250+0.002 0.310 128 704 092
P11 7 1.11+0.077 1.38+0.032 0.31+0.017 0.31+0.026  0.213+0.014 0323 111 505 0.77
P12 7 0.98+0.079  1.28+0.028 0.25+0.015 0.206+0.005 0.168+0.004 0.204 1.29 49 0.55
Means  5/7 1.14+0.080 1.34+0.035 0.28+0.024 0.306+0.026 0.197+0.005 0.34 116 522 0.68

J5ls (Ss ee Hs (S (St g4 tHr (o9l Sledbl jasli ol e JIT olaas :Ne ol samliee JIT sloas (Na il slass N

S5 ok NM g J5 pled oo GBSt Slxox
N: Number of bands, Na: Number of observed alleles, Ne: Number of effective alleles, I: Shannon information index, Hy: Total
genetic diversity, Hs: Intra- population genetic diversity, Gst: Genetic differentiation coefficient and Nm: Gene flow.
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Table 4. Genetic diversity indices in thyme populations.

Pop Na Ne | H No. Poly. bond  Poly. %
1 1.77+0.42 1.51+0.37 0.43+0.126 0.29£0.19 44 77.18
2 1.66+0.47 1.38+0.36 0.34+0.27  0.22+0.19 38 66.67
3 1.63+0.49 1.33+0.35 0.30+0.26  0.20+0.18 33 63.16
4 1.61+0.43 1.37+0.37 0.33+0.28 0.22+0.19 35 61.40
5 1.61+0.50 1.40+0.39 0.34+0.29  0.23+0.20 29 61.40
6 1.50+0.49 1.39+0.43 0.30+0.31  0.21+0.22 35 50.88
7 1.61+0.50 1.46+0.41 0.37+0.30 0.25+0.21 25 61.40
8 1.43+0.52 1.21+0.31 0.20+0.25 0.13+0.17 31 43.86
9 1.54+0.50 1.38+0.42 0.31+0.30  0.21+0.21 31 54.39
10 1.47+0.50 1.35+0.42 0.27+0.31 0.19+0.22 27 47.3
11 1.49+0.50 1.35+0.41 0.28+0.30 0.19+0.21 28 49.12
12 1524050 1.32+0.38 0.28+0.28  0.18+0.20 30 52.93
13 1.38+0.49 1.27+0.39 0.22+0.29 0.15+0.21 22 38.60
14 1.35+0.48 1.47+0.30 0.165+0.24 0.106+0.166 20 35.09
15 1474050 1.39+0.42 0.29+0.31  0.20+0.22 27 47.3
16 1.42+0.50 1.32+0.41 0.25+0.30 0.17£0.21 24 49.11
17 150+0.50 1.21+0.25 0.23+0.24 0.14+0.15 29 50.88
18 1.43+0.48 1.29+0.39 0.24+0.29  0.16%0.20 25 43.86
19 1.63+0.50 1.51+0.44 0.39+0.31 0.27+0.22 36 63.16
20 1.54+0.48 1.33+0.38 0.28+0.28 0.19+0.20 31 54.39
21 1.35+0.52 1.24+0.36 0.20+0.28  0.13+0.19 20 35.09
22 1.45+0.50 1.38+0.44 0.29+0.32 0.20+0.23 26 45.61
23 1.49+0.50 1.38+0.42 0.30+0.31 0.21+0.22 28 49.12
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Table 5. Analysis of molecular variance between and within the populations of thyme.

S.0.v df MS Estil_”nated %poly. PhiPT Value PhiPT Prob
variance
Between group 22 20.88 271 27 0.270 0.010
Within group 92 7.32 7.32 73
Total 114 10.034 100
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Table 6. Genetic diversity indices in thyme species.

Species Na Ne | He UHe Pol%
T. deanensis 196 145 044 028 028 98.25
T. vulgaris 071 118 0.17 011 012 35.09

T. pubescence 149 144 037 025 026 7193
T. kotschyanus  1.29 138 034 022 023 6491
T. lancifolius 150 145 039 026 027 7544

JBls (Ss ee Hs (S (St g4 tHr (gl Sledbl jasli ol e JIT olaas :Ne ol samlie JIT sloas (Na il slass N
5 ol NM g (55 pled oy GBSt Srox

N: Number of bands, Na: Number of observed alleles, Ne: Number of effective alleles, I: Shannon information index, Hr: Total
genetic diversity, Hs: Intra- population genetic diversity, Gst: Genetic differentiation coefficient and Nm: Gene flow.
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Table 7. Analysis of molecular variance between and within the species of thyme.

S.0.V df MS  Estimated variance  %poly  PhiPT Value  PhiPT Prob
Between group 4 28.20 1.04 10 0.102 0.010
Withingroup 110 9.27 9.27 90
Total 114 10.32 100
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Figure 3. UPGMA dendrogram based on Jaccard‘s similarity coefficient among thyme genotypes.
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Figure 4. UPGMA dendrogram based on Jaccard‘s similarity coefficient among thyme species.
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