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Abstract US>

.o

Rice is the most important source of food for more than
half of the world's population. Currently, Hashemi rice
has the highest area under rice in Guilan province and
is better than other varieties in terms of cooking quality
and customer satisfaction. In this study, for the study
the genetic diversity of 20 Hashemi cultivars genotypes
and two varieties as control (Hashemi and gowhar-
introduced by the Rice Research Institute of Iran), 21
polymorphic markers, morphological traits and grain
quality were used. The results showed that all of
studied traits had a significant difference at 1% level.
The cluster analysis with the help of software R divided
the studied genotypes into four groups. Based on the
data from 21 markers, in total, 96 alleles were detected
with the average of 4.57 alleles per locus. The highest
number of alleles was observed in markers RM19 and
RM1109 with 6 alleles and minimum number of alleles
in marker RM249 with 3 alleles. The average number
of effective alleles was 3.97. The RM249 had the
lowest value of 2.25 and the RM413 and RM1109
markers had the highest values of 5.65 and 5.21,
respectively. The average value of polymorphic
information content (PIC) was 0.69 for SSR markers.
Based on cluster analysis by using Jaccard coefficient
and UPGMA method on the SSR markers, the
genotypes were grouped in 4 clusters. In general, the
results of cluster analysis of morphological traits and
microsatellite markers were in good agreement and
they could group individuals based on their
geographical origin. Understanding the genetic
diversity can further help to breeders in their breeding
programs, especially in purification the best genotypes
and preserving these genotypes in Iran's rice gene bank.
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Table 1. Characteristics of Hashemi rice landraces in current study

Code Location Province
Khl  Siahmezgi Guilan
Kh2  Komachal Guilan
Kh3  Penchah Guilan
Kh4  Vishkananak Guilan
Kh5  Verazkah Guilan
Khé  Bazghalee Guilan
Kh7  Espand Guilan
Kh8  Chomesghal Guilan
Kh9  Atashgah Guilan

Kh10 Bijarpas Guilan

Khll Jomeebazar Guilan

Kh12  Siahdarvishan Guilan

Kh13  Nargestan Guilan

Kh14  Koochkam Guilan

Kh1l5 Sarbandan Guilan

Kh16 Jirdeh Guilan

Khl7 Balasbaneh Guilan
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Kh18 katesar Guilan

Kh19  Hashemi from Rice Research Institute of Iran Guilan

Kh20  Gohar (check) Guilan

Kh21  Naserkiade Guilan

Kh22  Moridan Guilan

a5 oyl 53 o odlil (gla )5 5lel lasuie Y g
Table 2. Characteristics of Primers used in this study
Primer Motif Chromosom Anneallngo Forward primer sequence Reverse primer sequence
temperature (°C)
GAACCAGAGGACAAAAATGC CATCATACATTTGCAGCCAG
RM111 9(GA) 6 55 CACAACCTTTGAGCACCGGGTC ~ ACGCCTGCAGCTTGATCACCGG
RM231  16(CT) 3 55 CCAGATTATTTCCTGAGGTC CACTTGCATAGTTCTGCATTG
RM19  10(ATC) 12 55 CAAAAACAGAGCAGATGAC CTCAAGATGGACGCCAAGA
RM234  25(CT) 7 55 ACAGTATCCAAGGCCCTGG CACGTGAGACAAAGACGGAG
RM241  31(CT) 4 55 GAGCCAAATAAGATCGCTGA TGCAAGCAGCAGATTTAGTG
RM249  5A2(AG) 5 5 GGCGTAAAGGTTTTGCATG GATGCCATGAAGGTCAGC
14(AG) T TTTTGCATGT ATGATGCCATGAAGGTCA

RM402  7(ATA) 6 55 GAGCCATGGAAAGATGCATG TCAGCTGGCCTATGACAATG
RM413  11(AG) 5 55 GGCGATTCTTGGATGAAGAG TCCCCACCAATCTTGTCTTC
RM279 16 (GA) 2 55 GCGGGAGAGGGATCTCCT GGCTAGGAGTTAACCTCGCG
RM505  34(TA) 7 55 CGTAGGTGATATATTGATCC GTTCAAATTTTAACTAGCCA
RM6643  9(GA) 9 50 TGGTGTTATTCCGAGGCTTC GAGAGAGAGAGGAGATTTTGGG
RM1109  12(AG) 8 55 TCAAAATCACGTGTATGTAAGC  TTTACAAAGGACAGAGGGC
RM1141  12(AG) 1 55 TGCATTGCAGAGAGCTCTTG CAGGGCTTTGTAAGAGGTGC
RM1024  13(AC) 5 55 GCATATACCATGGGGATTGG GGGATTGGGATAATGGTGTG
RM3337  15(CT) 4 50 TCCCCAATTATATCCCCTCC GATTGGGGGAAGAGGAAGAG
RM215  16(CT) 9 55 CAAAATGGAGCAGCAAGAGC TGAGCACCTCCTTCTCTGTAG
RM441  13(AG) 1 55 ACACCAGAGAGAGAGAGAGAGAG TCTGCAACGGCTGATAGATG
RM510  15(GA) 6 55 AACCGGATTAGTTTCTCGCC TGAGGACGACGAGCAGATTC
RM474  13(AT) 10 55 AAGATGTACGGGTGGCATTC TATGAGCTGGTGAGCAATGG
RM219  17(CT) 9 55 CGTCGGATGATGTAAAGCCT CATATCGGCATTCGCCTG
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Table 3. Analysis of variance for the studied morphological and grain quality traits in Hashemi rice
landraces

Mean sequares

?/erjiract?o%f df  Grainyield Plant height  Panicle Panicle Grain length  Grain width
(kg/ha) (cm) No. length (cm) (mm) (mm)
Genotype 21 0.29™ 188.55™ 14.85™ 8.65™ 2.25™ 2.52™
Replication 2 1.16™ 32.02™ 12.25™ 4.25™ 0.16™ 0.09™
Error 42 0.0001 451 1.75 1.78 0.0001 0.0001
CV (%) 0.03 9.68 4.83 6.62 0.05 0.03

do Y Jlein] maw )3 I Gxe gyl gize e i g NS

ns, **: Non-significant and significant at 1% of probability levels, respectively.
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Continued table 3. Analysis of variance for the studied morphological and grain quality traits in
Hashemi rice landraces
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Mean sequares

Source of - - - -

variation df. 1OQO-gra|n Head rice Days to Amylose Gel consistency  Elongation
weight (gr) (%) maturity  content (%) (mm) (mm)
Genotype 21 3.677 98.44™ 54.26™ 5.19" 2.25™ 3.25™
Replication 2 10.87" 32.00" 22.25™ 4.41™ 110" 0.02"
Error 42 251 6.72 1.62 0.0001 0.0001
CV (%) 6.67 10.65 1.73 0.03 0.004

do 3 ) Jlein] pdaws )3 45 Gxe g jld bze pe s o NS

ns, **: Non-significant and significant at 1% of probability levels, respectively.
dxlllao d)g0 Slaws GMO}) L;Lmo)Lo] ¥ Jab
Table 4. Descriptive statistics of studied traits

Traits Domain Minimum Maximum Mean Variance CV (%)
Grain yield (kg/ha) 14 3.9 5.3 4.40 0.10 7.10
Plant height (cm) 38 100 138 124.77 62.85 6.29
Panicle No. 4.7 10/3 15 12.45 1.62 10.47
Panicle length (cm) 6.1 24.7 30.8 28.29 2.88 5.86
Grain Length (mm) 11 6.7 7.8 7.16 0.05 3.24
Grain Width (mm) 0.6 1.7 2.3 1.95 0.03 9.15
1000-grain Weight (gr) 6.5 24 30.5 28.20 3.62 6.57
Head rice (%) 22 43.4 65.4 54.11 32.80 10.52
Days to maturity 16 116 132 119.23 11.42 2.85
Amylose content (%) 5.8 185 24.3 20.95 1.73 6.31
Gel consistency (mm) 2.8 3.7 6.5 4.19 0.37 2.52
Elongation (mm) 0.41 1.55 1.96 1.68 0.01 5.02
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Figure 1. Dandrogram of cluster analysis using UPGMA method to group the Hashemi rice landraces
based on studied traits. GY: grain yield; PH: plant height; NP: number of panicles; PL: panicle length;
GL.: grain length; GW: grain width; TGW: 1000 grain weight; HGP: healthy grain percentage; DM:
number of days to maturity; AC: amylose content; GC: gel consistency; SEL: seed elongation.
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Table 5. Correlation between morphological and grain quality traits in Hashemi rice landraces
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Grain yield 1

Plant height 0574 1

Panicle No. 0.5920 0.0540 1

Panicle length (0584 0.195 062 1

Grain Length -0.314 0.248 0.441 -0.242 1

Grain Width -0.316 0.224 -0.012 0.005 0.213 1

1000-grain Weight [10.689 150:5241 -0.356 -0.01 [“0:526" -0.227 1

Head rice (%) 0.062 0.027 [-0.461 -0.112 | 0.423 | -0.392 0.177 1

Days to maturity 0.633 0.539 -0.302 0.037 -0.087 0.226 -0.109 1

Amylose content -0.404 0.583 -0.353 -0.155 -0.336 0.237 0.103 = 0.636 1

Gel consistency 0.667 0.518 | -0.453 -0.054 -0.023 0.411 -0.026 | 0.631 0.631 1

Elongation -0.22  0.081 -0.318 -0.186 -0.096 -0.010 -0.272 0.183 -0.331 -0.323 -0.348 1
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Table 6. Number of observed alleles, number of effective alleles, expected heterozygosis, PIC,
Shannon’s information index and Nei’s gene diversity index for the studied SSR markers

Primer Na Ne Nei | Ho He PIC
RM331 5 4.65 0.75 1.68 0.37 0.41 0.71
RM111 5 3.21 0.63 1.25 0.06 0.2 0.57
RM231 4 3.45 0.71 1.29 0.06 0.23 0.66
RM19 6 4.32 0.72 1/58 0.28 0.28 0.67
RM234 5 4.65 0.83 1.98 0.03 0.52 0.81
RM241 5 4.21 0.74 1.46 0.04 0.27 0.70
RM249 3 2.25 0.58 0.93 0.06 0.22 0.49
RM402 4 3.41 0.81 1.68 0.71 0.72 0.78
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RM413 5 5.65 0.80 1.73 0.53 0.53 0.77
RM279 4 3.75 0.74 1.29 1 1 0.69
RM5055 5 4.41 0.75 1.46 0.34 0.34 0.70
RM6643 4 3.66 0.69 1.29 0.56 0.56 0.63
RM1109 6 5.21 0.77 1.57 0.37 0.38 0.74
RM1141 5 4.7 0.77 1.58 0.03 0.03 0.73
RM1024 4 4.34 0.74 1.39 0.50 0.50 0.69
RM3337 4 3.31 0.73 1.38 0.29 0.31 0.68
RM215 4 3.66 0.69 1.29 0.56 0.56 0.63
RM441 5 459 0.73 1.62 0.39 0.44 0.72
RM510 4 3.39 0.77 1.66 0.69 0.74 0.75
RM474 5 4.33 0.81 1.87 0.13 0.49 0.79
RM219 4 3.22 0.69 1.28 0.36 0.50 0.63
Mean 4.57 3.97 0.74 1.49 0.35 0.44 0.69
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Figure 2. Dandrogram of cluster analysis using UPGMA method to group the Hashemi rice landraces
based on 21 SSR markers
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