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ABSTRACT

Tomato is one of the most economically important vegetable crops in many parts of the world. Improvement of yield
and other essential characteristics of tomato have received more attention. Mapping quantitative trait loci could
accelerate tomato breeding processes. ISSR markers were used to identify molecular makers associated with
qualitative and quantitative traits in 93 landraces (from West Azarbaijan in Iran and Igdir in Turkey) and three
commercial cultivars. Association analysis using mixed linear model (MLM) identified 74 ISSR markers
significantly (p<0.05) associated with 12 qualitative traits. The highest and lowest number of associated markers
achieved for fruit size homogeneity (4 markers) and depression at peduncle end (10 markers), respectively. For
quantitative traits, 93 ISSR markers were found to be significantly (p<0.02) associated with 20 traits. The highest and
lowest number of associated markers was observed for cotyledon leaf width (one marker) and fruit length and fruit
pH (9 markers), respectively. Some markers showed significant association with a number of quantitative traits in
both years. Also, siginificant associations were found between a marker and various traits. After validation of these
markers, we will be able to use them in tomato breeding programs for simoultaneous mutil-trait selection.
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Table 1. Codes and geographical origins of the tomato landraces

No. Landrace code Origin No. Landrace code Origin No.  Landrace code Origin

1 IR.U1 Iran-Urmia 32 IR.MI7 Iran-Miandoab 63 TU.IG11 Turkey-Igdir
2 IR.U2 Iran-Urmia 33 IR.B Iran-Bokan 64 TU.IG12 Turkey-1gdir
3 IR.U3 Iran-Urmia 34 IR.MA1 Iran-Mahabad 65 TU.IG13 Turkey-1gdir
4 IR.U4 Iran-Urmia 35 IR.MA2 Iran-Mahabad 66 TU.IG14 Turkey-Igdir
5 IR.U5 Iran-Urmia 36 IR.MA4 Iran-Mahabad 67 IR.U20 Iran-Urmia

6 IR.U6 Iran-Urmia 37 IR.N2 Iran-Naghadeh 68 IR.U21 Iran-Urmia

7 IR.U7 Iran-Urmia 38 IR.Q1 Iran-Qaraziaediin 69 IR.U22 Iran-Urmia

8 IR.U8 Iran-Urmia 39 IR.Q2 Iran-Qaraziaediin 70 IR.U23 Iran-Urmia

9 IR.U10 Iran-Urmia 40 IR.Q3 Iran-Qaraziaediin 71 IR.06 Iran-Oshnavieh
10 IR.U11 Iran-Urmia 41 IR.Q4 Iran-Qaraziaediin 72 IR.P5 Iran-Piranshahr
11 IR.U12 Iran-Urmia 42 IR.Q5 Iran-Qaraziaediin 73 IR.P6 Iran-Piranshahr
12 IR.U13 Iran-Urmia 43 IR.Q6 Iran-Qaraziaediin 74 IR.P7 Iran-Piranshahr
13 IR.U14 Iran-Urmia 44 IR.Q7 Iran-Qaraziaediin 75 IR.P8 Iran-Piranshahr
14 IR.U15 Iran-Urmia 45 IR.Q8 Iran-Qaraziaediin 76 IR.P9 Iran-Piranshahr
15 IR.U16 Iran-Urmia 46 IR.KH1 Iran-Khoy 77 IR.P10 Iran-Piranshahr
16 IR.01 Iran-Oshnavieh 47 IR.KH2 Iran-Khoy 78 IR.SR2 Iran-Sardasht
17 IR.02 Iran-Oshnavieh 48 IR.SAl Iran-Salmas 79 IR.SR3 Iran-Sardasht
18 IR.03 Iran-Oshnavieh | 49 IR.SA2 Iran-Salmas 80 IR.SR4 Iran-Sardasht
19 IR.04 Iran-Oshnavieh . 50 IR.U18 Iran-Urmia 81 IR.SR5 Iran-Sardasht
20 IR.O5 Iran-Oshnavieh = 51 IR.SR1 Iran-Sardasht 82 IR.SR6 Iran-Sardasht
21 IR.P1 Iran-Piranshahr 52 IR.U19 Iran-Urmia 83 IR.SR7 Iran-Sardasht
22 IR.P2 Iran-Piranshahr | 53 TU.IG1 Turkey-Igdir 84 IR.SR8 Iran-Sardasht
23 IR.P3 Iran-Piranshahr <~ 54 TU.IG2 Turkey-Igdir 85 IR.MA5 Iran-Mahabad
24 IR.P4 Iran-Piranshahr 55 TU.IG3 Turkey-Igdir 86 IR.MA6 Iran-Mahabad
25 IR.N1 Iran-Naghadeh 56 TU.IG4 Turkey-Igdir 87 IR.MA7 Iran-Mahabad
26 IR.MI1 Iran-Miandoab 57 TU.IG5 Turkey-Igdir 88 IR.MA8 Iran-Mahabad
27 IR.MI2 Iran-Miandoab 58 TU.IG6 Turkey-Igdir 89 IR.MA9 Iran-Mahabad
28 IR.MI3 Iran-Miandoab 59 TU.IG7 Turkey-Igdir 90 IR.MA10 Iran-Mahabad
29 IR.MI4 Iran-Miandoab 60 TU.IG8 Turkey-Igdir 91 IR.U24 Iran-Urmia
30 IR.MI5 Iran-Miandoab 61 TU.IG9 Turkey-Igdir 92 IR.U25 Iran-Urmia
31 IR.MI6 Iran-Miandoab 62 TU.IG10 Turkey-1gdir 93 IR.U26 Iran-Urmia

ISSR slo 55T Jlasl slos g JIgs ol Y Jgo
Table 2. Name, sequnce and annealing temperature of ISSR primers

Primer Sequnce (5'— 3 Anealing temperature
A7 (AG)1T 54
UBCS811 (GA)C 54
UBC867 (GGC)s 54
UBC820 (GT)C 55
Al2 (GA),CC 53
UBCB848 (CA)R*G 54
UBCB855 (AC)sY*T 56
UBC818 (CA)sG 54
UBCB849 (GT)CG 54
UBC808 (AG)sC 54
UBCB840 (GA)Y*T 54
UBC815 (CT)sT 54
UBC 880 (GGAGA); 53

430 (TGG),A 56
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Table 3. Phenotypic diversity among the tomato
genotypes

Trait Min. Max. Mean %

Cotyledon leaf length (cm) 31 52 41 0427
Cotyledon leaf width (mm) 46 7.2 6 0.76"

Leaf length (cm) 11.3 309 23.08 47.43"
Leaf width (cm) 63 221 1363 21.73"
Days to flowering 72 86 79.86 16.65"
Flowers/Inflorescence 37 72 482 0957
Fruit set/Cluster (%) 515 95 7264 1654
Fruits/Plant 8 1437 30.35 1697.69”
Fruit weight (gr) 8.8 2324 117 7432.66"
Days to fruit maturity 113.3 1438 1299 56.65"
Fruit diameter (cm) 21 9 59 4937
Fruit length (cm) 25 75 55 3497

Days to 50% fruit maturity  136.5 172.8 155.7 99.8"
Pericarp thickness (mm) 27 88 605 3.86"

Carpels/Fruit 2 124 491 © 818"
Seeds/Fruit 40.4 2445 1283 5270.41"
Fruit peduncle length cm) 1.7 36 271 . 037
Total soluble solids 34 6.8/ 503 077"
pH 407 45 428 . 002"
Acidity 0.34 ~1:17 0.652 = 0.07"
Yield/Plant (kg) 14 33 217 0357
S5 il g 0%

asys ) Jlexsl o )0 jls sme dst
a%y: genotypic variance; h?: heritability
**: significance at 0.01 level of probability
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Figure 1. Bar plot of 96 tomato genotypes bosed on 185 ISSR loci (Numbers in the figure show the tomato landraces
according Table 1, 94 = Peto Early CH, 95 = Rio Grande and 96 = H-2274)
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Table 4. ISSR markers linked to qualitative traits in tomato landraces

Marker R? P-value Marker R? P-value
Seedling size Depression at peduncle end of fruit
AT-3 0.059 0.035 UBC820-4 0.070 0.021
UBC811-10 0.056 0.040 UBCB820-5 0.059 0.034
UBC811-18 0.111 0.006 UBCB848-4 0.093 0.01
UBC811-19 0.071 0.027 UBCB848-5 0.164 7.21E
UBC855-12 0.054 0.044 UBCB848-7 0.057 0.043
UBCB840-6 0.066 0. 026 UBCB855-24 0.057 0.037
Plant size UBCB808-15 0.08 0.014
AT-6 0.058 0.035 UBCB840-5 0.09 0.010
UBC855-10 0.053 0.044 UBCB815-9 0.063 0.029
UBC818-3 0.063 0.029 UBCB880-18 0.064 0.042
UBC849-6 0.068 0.023 Blossom-end rot of fruit
UBCB849-13 0.068 0.023 UBCB855-10 0.09 0.009
UBC815-3 0.089 0.010 UBC849-6 0.063 0.029
UBC815-9 0.067 0.025 UBC840-5 0.064 0.029
UBC880-6 0.068 0.024 UBC880-6 0.065 0.028
430-9 0.080 0.016 UBC880-8 0:052 0.048
Foliage density Fruit sunscald
UBC811-8 0.054 0.046 Al2-5 0.078 0.016
UBC848-8 0.067 0.028 UBC818-3 0.055 0.042
UBC818-7 0.062 0.0317 UBC849-6 0.082 0.013
UBC849-6 0.081 0.014 UBC808-13 0.054 0.043
UBC815-8 0.069 0.023 UBC815-3 0.085 0.013
UBC880-6 0.054 0.044 UBC815-8 0.105 0.006
430-9 0.105 0.006 Fruit cracking
Fruit size UBC855-1 0.052 0.047
UBC867-5 0.052 0.047 UBC855-7 0.052 0.047
Al12-19 0.057 0.039 UBC855-20 0.056 0.04
UBC855-24 0.075 0.018 UBCB808- 17 0.111 0.004
UBC855-26 0.069 0.023 UBC808-18 0.124 0.003
UBC849-13 0.096 0.008 UBC815-9 0.059 0.036
UBC808-15 0.056 0.040 Fruit firmness
UBC840-4 0.052 0.048 Al12-8 0.054 0.042
UBC880-14 0.063 0.031 UBCB848-8 0.061 0.035
430-7 0.063 0.033 UBCB849-6 0.073 0.019
Fruit size homogeneity UBC849-10 0.053 0.044
UBC815-5 0.051 0.049 UBCB849-11 0.076 0.016
uBC880-3 0.069 0.023 UBC840-5 0.074 0.018
UBC880-14 0.080 0.014 UBC815-4 0.068 0.023
UBC880-18 0.063 0.042
Ribbing at peduncle end of fruit
Al12-5 0.063 0.029
Al2-6 0.071 0.021
UBC848-5 0.055 0.043
UBC855-24 0.061 0.032
430-7 0.076 0.017
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Table 5. ISSR markers linked to quantitative traits in tomato landraces

Mark 2012 2013 Mark 2012 2013
arker R?  P-value R?  P-value arker R P-value R? P-value
Cotyledon leaf length Fruits/Plant
UBC849-2 0.076 0.015 - - AT7-6 0.073 0.019 0.083 0.012
UBC815-2 0.076 0.016 - - UBC849-13 0.274 149E 0.162 6.34E
Cotyledon leaf width UBC808-15 0.156 7.90E 0.145 0.001
UBCB855-11 0.075 0.017 - - UBC808-16 0.088 0.010 0.085 0.012
Leaf length UBC815-5 0.058 0.036 0.113 0.004
UBC811-17 0.105 0.007 0.105 0.008 430-3 0.1 0.007 0.059 0.037
Al2-8 0.093 0.008 430-6 - - 0.087 0.012
UBC855-10 0.091 0.008 0.097 0.007 Days to 50% fruit maturity
UBC849-6 0.079 0.014 UBC818-3 0.099 0.007 0.079 0.015
Leaf width UBC818-4 0.076 0.017 0.073 0.02
Al2-8 0.099 0.006 0.09 0.009 UBC849-13 0.087 0.011 0.089 0.01
UBCB855-10 0.076 0.017 0.082 0.013 UBC815-9 0.089 0.010 0.089 0.01
UBC818-1 0.085 0.012 0.078 0.016 Seeds/Fruit
UBC849-6 0.173 393E 0.152 8.55E UBC848-7 0.104 0.007 0.076 0.020
UBC849-13 - - 0.071  0.020 UBC848-8 0.108 = 0.006 0.089 0.012
Flowers/Inflorescence UBC808-4 0.071 0.020 0.066 0.025
AT7-6 - - 0.090 0.01 UBC815-3 0.09 0.010 0.067 0.025
UBCS67-4 0092 0009 i i Carpels/Fruit
UBC867-5 0.073  0.02 - - UBC855-24 0.082 0.014 0.069 0.024
Days to flowering UBC808-13 0.111 0.004 0.113 0.004
UBC811-2 0.077 0.017 - - UBC815-8 0.074 0.019 - -
UBC880-10 0.128 0.002 - - Pericarp thickness
UBC880-24 0.1 0.010 0.084 0.018 Al2-8 0.101 0.006 0.071 0.021
UBC880-25 0.115 0.006 - - Al12-16 0.087 0.011 0.052 0.047
430-1 0.118 0.004 - - UBCB849-6 0.104 0.005 0.08 0.015
Al12-19 - - 0.082 0.013 UBC849-10 0.103 0.006 0.082 0.013
UBC849-4 - - 0.072 0.02 UBC849-13 0.1 0.007 0.061 0.032
UBC815-8 - - 0.078  0.016 UBC880-6 0.075 0.018 0.095 0.008
Fruit set/Cluster UBC880-14 0.08 0.015 0.053 0.046
UBC849-13 012 0.004 0.118 0.003 Fruit acidity
UBCB808-15 0.090 0.009 0.091.  0.009 UBC811-13 0.132  0.002 - -
Days to fruit maturity UBC848-8 0.076 0.018 0.059 0.039
UBC811-1 0.091 0.009 UBC808-5 0.149 9.67E - -
UBC811-2 0.074 0.019 UBC815-5 - - 0.075 0.017
UBC815-8 0.077° 0.017 UBC880-6 - - 0.083 0.013
UBC880-24 0.088 * 0.018 Fruit pH
430-1 0.085 0.013 UBC811-6 0.079 0.016 - -
UBC855-3 0.077  0.015 UBC855-20 0.073 0.019 - -
Fruit weight UBC808-2 0.103 0.006 - -
UBC855-24 0.072 0.020 0.111 0.005 UBCB808-8 0.102  0.006 - -
UBC849-13 0.073 0.019 0.0676 0.025 UBC818-6 - - 0.075 0.020
UBC808-15 0.083 0.013 0.086 0.011 UBC815-1 - - 0.089 0.01
uUBCB880-14 0.085 0.012 0.075 0.019 UBC815-3 - - 0.08 0.015
Fruit length UBC880-21 - - 0.140 0.002
Al2-19 0.077 0.016 430-1 - 0.133  0.003
UBC848-8 0.094 0.010 Total soluble solids
UBC855-10 0.080 0.014 AT7-3 0.10 0.006 - -
UBC849-10 0.112 0.004 0.083 0.012 430-8 0.089 0.012 - -
UBCB849-13 - - 0.071 0.02 UBC811-4 - - 0.079 0.019
UBC815-5 - - 0.076 0.017 UBC815-4 - - 0.081 0.014
UBC880-6 0.078 0.016 - - Yield/Plant
UBC880-14 0.072 0.018 - - UBC811-13 0.077 0.017 0.058 0.038
430-9 0.078 0.020 0.104  0.007 UBCB880-6 0.069 0.023 0.090 0.01
Fruit diameter 430-4 - - 0.088 0.010
UBCB855-24 0.101 0.007 0.095 0.008
UBCB849-13 0.120 0.003 0.111 0.004
UBCB808-15 0.106 0.005 0.074 0.019
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