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Abstract

Introduction

One of the most important goals of grapes breeding is to obtain seedless grapes with large berries
and good taste. In order to achieve table and raisin grape varieties with good quality, desirable
taste and larger berries with various colors, it is necessary to estimate the breeding value of the
desired traits. In this study, breeding values of fourteen characters in 45 grape cultivars were
predicted using the best linear prediction (BLUP) pediction. The purpose of the study was to
estimate the breeding value of the grape cultivars and to identify the superior cultivars. The
results of this study can be of great help to breeders in selecting cultivars with favorable market
traits and cultivars with better yield.

Materials and Methods

In this study, 45 grape cultivars in the collection of Agricultural and Natural Resources Research
Center of West Azerbaijan Province were used. From each of the cultivars in the first year of
research, ten 14-year-old plants were selected and TSS, pH, TA, berry weight, flesh weight,
single seed weight, seed number, juice volume, pollen germination, cluster length, cluster width,
cluster weight, fruit set in open and under controlled pollination were investigated. The
characteristics were measured for three consecutive years.
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Results and Discussion

Based on the results, considering the sum of the breeding values of all the studied traits, Agh
Shani, Taifi, Qzl Ouzum, Lal Qermez, Tabarze Qermez, Garmian, Rishbaba Qermez and Qara
Shani cultivars had the highest rank. Among the studied seedless cultivars, Rejin cultivar had the
highest breeding value in terms of single seed weight, and Keshmeshi Sefid cultivar in terms of
seed number. Among the seeded cultivars, Shirazi cultivar showed the highest breeding value in
terms of single seed weight and Qara Shani cultivar in terms of seed number. Garmian, Rishbaba
Qermez, Keshmeshi Qermez, Tabarze Qermez, Agh Shani and shirazi had positive breeding
value for pollen germination, fruit set in open pollination and fruit set under controlled
pollination. Sarghola, Gazandaii and Qzl Ouzum cultivars had the high and positive breeding
value for berry weight and fresh weight. Lal Qermez, Rishbaba Qermez and Tabarze Qermez
cultivars had high and positive breeding value for cluster weight, cluster width and cluster
weight. Genotypes with the highest breeding value had the highest ability to transfer their traits to
offspring. Therefore, they can be used as a desirable parent to modify these traits in crop breeding
programs.

Conclusion

In this study, breeding values of fourteen characters including total soluble solids, titratable
acidity, berry weight, flesh weight, single seed weight, seed number, juice volume, fruit set in
open pollination, pollen germination, cluster length, cluster width, cluster weight, fruit set under
controlled pollination in 45 grape cultivars were predicted using the best linear prediction
(BLUP) prediction. Studied cultivars showed different breeding values for the studied traits.
Genotypes with the highest breeding value can be used as a desirable parent to modify these traits
in grape breeding programs as these genotypes have the highest ability to transfer their traits to
offspring.

Keywords: Grape, Heritability, Mixed linear model, Retrotransposon-based molecular markers,
Quantitative genetics.
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Table 1. Analysis of variance for characters of studied grape cultivars

sov df MS :

TSS pH TA BW FW SSW SN JV FSOP PG CL CWwW Cwei FSCP
Replication 2 13.85" 3.15™ 053" 267" 325" 0.01" 014 70.11"™ 31.31 102.46™ 14.38 0.18 706338.82"" 120.99
Cultivar 44 1429 0.43™ 0.18™ 3.31™ 3.157 0.002" 0.91™ 49.68™ 364.89" 820.00™ 31.29™ 14.77" 63845.16™ 351.28™
Error 88 4.11 014 009 029 029 0.0004 0.13 1.86 40.32 12.67 10.54 4.17 30073.12 113.51
Coefficient of Variation (%) - 1055 11.03 4486 17.06 17.72 4125 1651 3.22 19.83 12.82 16.67 20.26 31.80 41.88
Relative Efficiency (%) - 105.21 149.56 110.27 118.19 122.44 149.93 100.27 181.28 99.46 115.70 100.76 97.83 149.90 100.10
TSS: Total soluble solids, TA: Titratable acidity, BW: Berry weight, FW: Flesh weight, SSW: Single seed weight, SN: Seed number, JV: Juice volume, FSOP: Fruit set in open pollination, PG: Pollen

germination, CL: Cluster length, CW: Cluster width, Cwei: Cluster weight, FSCP: Fruit set under controlled pollination. **: significantly differences at 1% of probability levels.
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Fig 1. (A) Dendrogram obtained by cluster analysis of 45 grape cultivar based on morphological traits.
(B) Clustering of grape cultivars by Ward method based on breeding value of studied pomological traits.
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Table 2. Means Comparison and estimates of breeding value for the studied traits in grape cultivars
by mixed linear model based on REMAP markers

Cultivar TSS pH TA BW FW

BV  Mean BV  Mean BV  Mean BV  Mean BV  Mean
Rezghi 15 20.3*¢ 0.1 3.4 0.0 0.7% -1.0 23 1.1 2.2¢!
Hosseini -1.5 16.4%¢ -0.0 3.3% 0.0 06® 03 3.9% 04 3.8+
Tabarze Sefid 1.0 19.7¢¢  0.8** 43> 0.2 0.1 -11* 22m™ 11 21M
Saghal Solian 15 20.5* 0.2 35%  -00 0.6® 04 41*9 0.3 3.9%9
At Ouzum -1.9 15.6% -0.2 2.9° 0.0 0.7% 07 4.2%¢ 0.7 4,18
Lal Seyah 17 20.8*¢ -0.0 31 00 06® -08 26" -08 2.5
Seyah Sardasht 17 21.8*¢ 0.0 3.3 0.0 0.6% -17%* 16™ -1.6** 154
Garmian -0.1 18.5*¢ -0.2 2.8° 0.1 0.8® 07 434 07 4,24
Maiemo -0.1 18.4*¢ 0.1 2.9° 0.0 0.8® -1.0 24 1.0 2.3%
Rishbaba Qermez 13 20.6*¢ 0.1 34  -01 05®% -07 2.6%M -0.6 2.5
Taifi 0.6 19.6*¢ 0.0 32 00 06® 06 4.1% 05 429
Keshmeshi Qermez 33* 233 00 32 01 0.8® -1.9% 14™ 18 14
Fakhri 2.8* 231% 0.2 36 -01 03* 05 29°™ 05 2.8
Shahroudi -2.3 15.1* 01 34  -0.0 0.6 -05 29 05 2.8¢%
Qara Shani 2.0 21#  -0.0 3.1b¢ 0.1 1.0® -0.2 3.1¢ 03 3.0
Sahebi Qermez -04 18.3*¢ -0.0 3.20¢ 0.0 0.6® 1.0 47%c 11 4 5
Inah Amjai -0.9 17.6*¢ 0.0 33% 01 04® 0.2 3.8 0.3 3.7
Tabarze Qermez 23 221 11** 500 -02* 01° -07 27%™ -07 2.6
Dastarchin 14 20.0*¢ -0.1 3.0° 0.2 122 -11 25¢m 1.0 2.4¢
Rishbaba Sefid -1.1 16.8%¢ -0.0 3.1° 0.1 0.9% -16** 16™ -16** 1.64
Agh Melhi 11 19.6*¢ -0.1 2.9° 0.1 0.8% -13* 21m -13% 2H
Goi Melki -2.1 15.6% -0.0 3.2%  -0.0 0.7% 04 41%" 04 3.9a"
Sayani -0.0 18.6*¢ 0.1 3.2%  -0.1 04% -11 23 11 2.2¢1
Kalati -0.9 17.3*¢ 0.1 34 01 04® -00 34¢ 00 3.3%
Mam Braime -14 16.1% 0.2 3.6 0.0 070 05 42¢F 05 4.1
Bol Mazu 0.7 19.1*¢ 0.2 34 0.0 0.7% 07 434 07 4,250
Lal Qermez 04 182* 0.2 32 01 04® 00 35% 00 3.3
Sefid Shakh Shakh 1.2 19.9*¢ 0.2 35  -0.0 0.6% -1.9%* 14™ -18%* 144
Alhaghi -0.8 18.1*¢ 0.1 35  -01 05% -0.6 2.8¢m .05 2.7
Askari -1.5 16.2° 0.0 3.3 0.1 0.8% -16** 174m .15%x 17K
Keshmeshi sefid 35%* 235 -0.1 2.9° 00 07% -16** 16™ -15%* 16K
Rejin 16 20.4%¢ -0.2 2.8° 0.2 0.9% -07 2.74m 07 2.6+
Sarghola 02 193*¢ 03 28 -01 04® 13* 50 14*% 4.9
Chava Ga 0.4 19.5%¢ 0.1 3.1° 0.0 0.7% 04 41%" 03 3.7
Yaghoti 0.3 19.6*¢ -0.0 3.20¢ 0.1 1.0® -13* 21m .13* 109K
Qara Gandoma -0.6 17.8*¢ -0.1 2.9° 0.0 0.8% -03 3.1 -04 2.9¢
Gazandaii -0.8 16.8*¢ 0.1 34 01 05% 1.1* 48%® 11* 47
QzI Ouzum 13 20.3* 0.3 36* -01 05 13* 512 13* 49
Agh Shani 2.0 21.6*¢ 0.1 35¢ 01 07® 03 39" 03 3.8
Jig Jiga -0.1 18.3#¢ -0.0 3.1° 0.0 070 -1.0 24%™M 11 2.2¢1
Lal Sefid -0.1 18.7*¢ 0.1 3.4b° 0.0 07% -04 319 -03 2.9
Klkarevi 3.1*  22.9% -01 3.1° 0.3* 132 -16* 17Km .15 17K
Sachakh 1.6 20.7#¢ 0.1 3.2% .01 05® 03 3.9¢ 04 3.8%"
Shirazi -1.4 15.9% 0.1 34 01 04% 0.0 358 01 3.28k
Angotka 0.6 20.2%¢ 0.1 36 -01 05 05 41%9 05 3.9%¢
Narrow sense heritability % 48.92 44,51 22.24 83.96 82.05

BV: Breeding value, TSS: Total soluble solids, TA: Titratable acidity, BW: Berry weight, FW: Flesh weight, SSW: Single seed weight, SN:
seed number, JV: Juice volume, FSOP: Fruit set in open pollination, PG: Pollen germination, CL: Cluster length, CW: Cluster width, Cwei:
Cluster weight, FSCP: Fruit set under controlled pollination. * and **: significantly differences at 5 and 1% of probability levels, respectively.
Columns with same letters are not significantly different in the 5% probability level.
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Table 2. Continued Means Comparison and estimates of breeding value for the studied traits in
grape cultivars by mixed linear model based on REMAP markers

Cultivar SSW SN Y FSOP PG

BV Mean BV Mean BV Mean BY Mean BV Mean
Rezghi 0.0 0.1 04 1.8% 3.2 47629 -18.8** 145 -21.1* 79U
Hosseini -0.0 0.0¢f -07¢ 15% -46* 393™ 99 23.4% 0.4 29.6'°
Tabarze Sefid 0.0 0.1¢f 0.2 218 -10.2*%* 336%™ -9.9 25.00k  17.3* 47.0°f
Saghal Solian 0.0 0.1bcd 0.2 216 07 4354 75 27.3°% 49 34.29™M
At Ouzum 00 00 05 2.9% 03 4464 -25 325 32 26.1%"
Lal Seyah 0.0 0.1f 0.3 2.7¢F 27 414 114 47.9% -84 20.9™s
Seyah Sardasht 00 00°f 04 29%¢ 08 433 6.2 28.6°k 6.1 35.7%
Garmian -0.0 0.1F 0.0 245 28 413" 0.1 347 52 34.99M
Maiemo -0.0 0.0 -04 2¢i -0.1 44k 13.1* 20417 43 24,9
Rishbaba Qermez 00 00 01 25 14 426 48 4059 205* 502
Taifi 0.0 0.1f 0.3 2.8+ 39 484% 10 35.1% 15 31.0m°
Keshmeshi Qermez -0.0%* 0.0 -0.1 2.2% 20 465+ 15 38.2°"  30.1** 60.3%
Fakhri 0.0 0.1>F  -0.6* 159 -41 40k 7.6 43,60 23.2*%* 53,1%¢
Shahroudi -0.0 0.0>F -0.3 200 27 413" 41 3P 57 235"
Qara Shani -0.0 0.0 07 31 -12 43 29.7%* 67.7¢ -111 18.1™
Sahebi Qermez 0.0 0.1 0.1 2.3% 5.7%* 50.22 0.9 385" -26.5%* 2,5
Inah Amjai -0.0 0.0>F -0.3 1.9¢  -06 4357 6.1 27.9% -11 28.2i
Tabarze Qermez 00 00¢f 02 268 -34 406" 81 441" 18.1* 47.6%
Dastarchin 00 01bF -07* 15% 01 @ 443°%% 56 285K 191* 484
Rishbaba Sefid -0.0 0.0 -04 1.8¢1 16 4679 15 37.2%0 106 401
Agh Melhi -0.0 0.0 04 1.8¢1 0.1 4445 25 3184 151  44.7°9
Goi Melki 0.0 0.1>f 05 184  -19 423 137+ 21.13% 0.0 29,5+
Sayani 0.0 0.1>f 04 1.8¢1 05 447% 46 306 99 19.20t
Kalati -0.0 0.1>f 0.2 214 210 433+ 59 423 -193* 101
Mam Braime 0.0 0.1% -091* 1.2i -04 436  -21.0** 10.9k -27.6%* 1.2
Bol Mazu 0.0 0.1>F -0.6* 1.6M 11 45200 1119 203 -24.9%* 4,0¢
Lal Qermez 0.0 0.0>f 06* 3.1® 2.8 47.1% -29 32bi 131  42.7¢h
Sefid Shakh Shakh -0.0~ 0.0 -03 1.9¢  -11.2%* 323© -6.8 26.6%¢ 8.7 20.1°
Alhaghi -0.0 0.0>f -0.8** 1.3ni 0.7 450 3.8 4009 -26.5%* 2.6
Askari -0.05* 0.0¢F -04 1.8¢ 75 36.6™ -14.3* 19.6M% 127 42.3°
Keshmeshi sefid 0.0 0.0% .01 23¥ 48 493® 64 289 34.3** 64.22
Rejin -0.0 0.16F  -11** 10 -12.7** 314 -22.1%* 8.7k -27.5%* 1.1¢
Sarghola -0.0 0.0f 0.2 25%9 24 416%™ -7.3 26.7%% 57 23.5M1
Chava Ga 0.0 0.1%c Q0.6* 3.2 -3.7 403" 41 30.3¢  -27.8** 1.4Y
Yaghoti 0.0 0.1 -0.6* 168 -49* 393™ 11 37.200 42 349m
Qara Gandoma 00 01 -03 1849 23  464* -108 218K -26.2** 2.7
Gazandaii -0.0 0.1¢f 0.2 2.6%9 -0.8 4335 64 274 87 20.5%
Qzl Ouzum 0.0 0.1>F 0.1 24%0 18 4217 58 27.9% 117 17.4%
Agh Shani -0.0 0.0>F -0.1 2.2¢ 74% 366 4.9 41.1F 29 32410
Jig Jiga 0.0 0.1>F 0.1 254 .30 411 -34 3114 -35 25.7%"
Lal Sefid -0.0 0.1>F 0.3 216 6.8* 37.1™ 49 41.0¢F 56 35.19™M
Klkarevi -0.0 0.16F  -1.0%* 1.2i -15 4268  141* 517 -114 17.8%
Sachakh 0.0 0.1 0.6 164 -2.8 411 -155* 181" -10.7 18.3%
Shirazi 0.1** 0.1° -0.3 184 03 4384 46 3989 94 38.7%
Angotka 0.0 0.1°f 0.3 2.7%F 26 415%™ 36 386" 6.1 35.43"
Narrow sense heritability % 60.78 72.91 56.80 77.88 91.95

BV: Breeding value, TSS: Total soluble solids, TA: Titratable acidity, BW: Berry weight, FW: Flesh weight, SSW: Single seed weight, SN:
seed number, JV: Juice volume, FSOP: Fruit set in open pollination, PG: Pollen germination, CL: Cluster length, CW: Cluster width, Cwei:
Cluster weight, FSCP: Fruit set under controlled pollination. * and **: significantly differences at 5 and 1% of probability levels, respectively.
Columns with same letters are not significantly different in the 5% probability level.
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Table 2. Continued Means Comparison and estimates of breeding value for the studied traits in grape
cultivars by mixed linear model based on REMAP markers

Cultivar CL CWwW CWei FSCP
BV Mean BV Mean BV Mean BV Mean
Rezghi 1.9 22.3%c 2 7* 6.6 -14.7 586.3* -5.3 20.7%¢
Hosseini -4.1* 138> 21 7.4 1044 386.7¢ -0.1 30.3%¢
Tabarze Sefid -1.5 17.73%¢ 21 75 624 4523 34 27.1%¢
Saghal Solian -04 19.1% 06 12.3%¢  -46.2 556.6°  -7.1 20.9%¢
At Ouzum -0.3 20.1% 0.1 1084  -49 618.22 -09 26.7%¢
Lal Seyah -2.8 157%¢ 21 8.1  -145 572.12 10.9 44,3
Seyah Sardasht -4.1* 146® 06 85  -1359 388.32 3.1 32.0%¢
Garmian -0.0 19.6% 0.1 11.13¢ 19,0 643.4 10.9 45.4%
Maiemo 1.7 2250 21 11.8¢¢  -749 439.6*  -11.7 11.20¢
Rishbaba Qermez 2.7 2320 19 128 6.4 5672 0.1 28.3%¢
Taifi -0.9 19.1%¢ 0.1 11224 107.8 890.8° 35 34 53¢
Keshmeshi Qermez 0.0 20.1% 0.3 11.3*4 331 514.1* 48 36.3%¢
Fakhri -3.7 143¢ 0.9 1024 -126.8 349.7¢ -0.2 29.3%¢
Shahroudi 11 22%c -0.2 9.3*d 136.7 89522 55 20.6%¢
Qara Shani -1.3 17.8%¢ .01 11.2¢4 734 482.78 16.4* 52.02
Sahebi Qermez -04 20.1% 09 153 102.9 905° -6.1 22.9%¢
Inah Amjai -3.8* 14.2%¢ 08 9.5% -53.2 469.7¢ 0.1 26.3%¢
Tabarze Qermez 2.3 23%c 0.1 128 36.1 682.6 5.2 34.8%c
Dastarchin 0.1 20.9%¢ 21 14 -7.6 620.3? 5.2 34.6%¢
Rishbaba Sefid 16 229% 16 13.4%¢ 454 481.3 -39 22.90bc
Agh Melhi -25 15.7%¢ 0.8 9.5% -90.3 399.2¢ 6.1 20.8%¢
Goi Melki -1.9 17.9%¢ 17 9.6*¢ -123.9 368.6°  -11.2 14.20¢
Sayani -0.8 18.7%¢ 1.2 9.5%d -50.5 557.4* 91 150
Kalati 0.0 20.2%¢ 0.0 11.3*4  .736 498.3¢ -12 29.8%¢
Mam Braime -1.7 17.5%¢ 24 6.9« -68.3 4479*  -139* 55°
Bol Mazu -0.2 21.2%c .17 7.9 443 51798  -143* 46°
Lal Qermez 11 21.1%¢  31* 15.52 88.3 736.4% A7 19,38
Sefid Shakh Shakh -3.1 15%¢ -0.8 9.6*¢ -1195 336° 53 37.1%¢
Alhaghi 31 23.7% 00 10.8%¢ 1355 876° -8.2 20.3%¢
Askari -1.0 18.9%¢ 21 8.1 1343 39292 -75 18.08b¢
Keshmeshi sefid 0.8 273 -19 8.4 18 640.4*  -0.8 27.2%c
Rejin 13 22:¢ -3.7*%* 5.1¢ -875 409.7¢  -140* 38
Sarghola -0.2 19.5%¢ .00 10.6¢¢  -417 5434*  -26 26.13¢
Chava Ga -1.1 18.9%¢ 01 11.5¢¢ 514 530.7¢ -7.3 16.2¢
Yaghoti -1.9 17.7%¢ 11 10129 -144.2 326.72 -11.0 124
Qara Gandoma 1.9 21.8%¢ 05 9.3%d 235 4855 37 21.8%c
Gazandaii 31 24.6% -2.0 gbed -14.1 556.72  -2.7 22.43c
QzIl Ouzum 31 243% 08 9.6*¢ 60.1 666.12 4.9 32.6%¢
Agh Shani 2.6 24.4% 0.9 13.4%c 79 661.3 8.2 41.1%
Jig Jiga 0.2 21.2% 03 1124 764 45677 -14 26.6%¢
Lal Sefid -5.1** 12.2¢ -1.7 8.8*d -45.6 526° -5.1 22.6%¢
Klkarevi 1.3 223%c .18 8.9%d -88.4 4933%  -129% 118%™
Sachakh 0.5 21.3%¢ 25 76 -16.7 536.72 6.1 21.3%c
Shirazi -3.9* 14.1%c 11 gad -49.6 493.72 105 43
Angotka -2.1 17.1%¢  -14 9.1%d -21.7 580.1* -0.99 28.6%¢
Narrow sense heritability%o 46.01 35.32 23.35 46.07

BV: Breeding value, TSS: Total soluble solids, TA: Titratable acidity, BW: Berry weight, FW: Flesh weight, SSW: Single seed
weight, SN: seed number, JV: Juice volume, FSOP: Fruit set in open pollination, PG: Pollen germination, CL: Cluster length, CW:
Cluster width, Cwei: Cluster weight, FSCP: Fruit set under controlled pollination. * and **: significantly differences at 5 and 1% of
probability levels, respectively. Columns with same letters are not significantly different in the 5% probability level.
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