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Table 1. Rrice studied genotypes

axlaod g0 g6y GG 9i) ) Jaua

e

o)lass oy b el Lo o)lods 0y b ol Lo
No. Name or Pedigree Origin No. Name or Pedigree Origin
1 SANGJO Iran 46 HHZ21-SAL13-Y1-Y1 IRRI
2 Dolar IRRI 47 HHZ21-Y4-Y2-Y1 IRRI
3 229L IRRI 48 IR59673-93-2-3 IRRI
4  USEN IRRI 49 HHZ26-SALI12-Y1-Y1 IRRI
5 RestorerN5 IRRI 50 HHZ3-SAL4-Y1-Y1 IRRI
6 CANTURPANTA IRRI 51 HHZ 4-DT3-Y1-Y1 IRRI
7 216L IRRI 50 HHZ 4-DT6-LI2-LI1 IRRI
8 Sang Tarom Iran 53 HHZ4-SALI12-LI1-LI1 IRRI
9 Zerich Iran 54 ~ HHZ 6-DTI-LI1-LI1 IRRI
10 MOHAMMADI Iran 55 IR14L110 IRRI
11 AZUCENA.BALA.21 Scotland- Improved line 56 IRI4L103 IRRI
12 AZUCENA.BALAS8  Scotland- Improved line 57 IRI2L353 IRRI
13 AZUCENABALAIIL  geotiand- Improved line sg  IRI2L356 IRRI
14 AZUCENA.BALA.114 Scotland- Improved line 59 IR747719-145-2-3-3 IRRI
|5 AZUCENABALA.169  gcotland- Improved line 60 IRI3L382 IRRI
16  AZUCENABALA.I89  geotland- Improved line 61 IR74721-199-1-3-2 IRRI
17~ AZUCENA.BALA225  geotland- Improved line 62 IR74481-146-3-2 IRRI
1§ AZUCENA.BALA265  Scotland- Improved line 63 IR10F221 IRRI
19 AZUCENA.BALA285  geotland- Improved line 64 IR11A410 IRRI
20  AZUCENA.BALA292  geotland- Improved line 65 IR11A534 IRRI
21 HHZ 15-SAL13-Y1 IRRI 66 IR6962B IRRI
2y HHZ 18-Y3-Y1-Y1 IRRI 67  IR75481-108-3-3 IRRI
23 HHZ 1-DT3-Y1-Y1 IRRI 68 IR75489-75-2-1 IRRI
24 IR71739-24-3-5 IRRI 60 IR1ICI23 IRRI
55 HHZ1-DT7-LI2-LIl IRRI 70 AHLNAD.2 IRAN- Improved line
26  HHZ21-SALI13-YI-YI  IRRI 71 AHLNAD.8 IRAN- Improved line
27 HHZ21-Y4-Y2-Y1 IRRI 75 AHLNAD.I8 IRAN- Improved line
28 HHZ 22-Y3-DT1-Y1 IRRI 73 AHLNAD.27 IRAN- Improved line
29 HHZ 23-DT16-DT1-DT1 IRRI 74  AHLNAD.34 IRAN- Improved line
30 HHZ 26-SAL12-Y1-Y1 IRRI 75 GHBNAM.2 IRAN- Improved line
31 HHZ 2-SUB2-DT1-DT1 IRRI 76 GHBNAM.140 IRAN- Improved line
32 HHZ 3-SAL13-Y2-DTI IRRI 77 GHBNAM.22 IRAN- Improved line
33 HHZ 3-SAL6-Y1-Y1 IRRI 78  GHBNAM.105 IRAN- Improved line
34 HHZ4-DT3-Y1-Y1 IRRI 79 GHBNAM.111 IRAN- Improved line
35 HHZ4-DT6-LI2-LI1 IRRI g0 AHLSPD.4 IRAN- Improved line
36  HHZ4-SALI2-LII-LIl  IRRI g1  AHLSPD.92 IRAN- Improved line
37 HHZ 4-SALS-LI1-LI1 IRRI g2  AHLSPD.11 IRAN- Improved line
38 HHZ 4-SAL5-Y2-Y1 IRRI 83 AHLSPD.14 IRAN- Improved line
39 HHZ 6-DT1-LI1-LI1 IRRI g4  AHLSPD.16 IRAN- Improved line
40  IRRI104 IRRI g5 ANBNAD.I IRAN- Improved line
41 HHZ 10-DTS5-LI1-LI1 IRRI g6 ANBNAD.3 IRAN- Improved line
42 HHZ 15-DT7-SAL2 IRRI g7 ANBNAD.7 IRAN- Improved line
43 HHZ 15-SAL13-Y1 IRRI g8  ANBNAD.21 IRAN- Improved line
44 HHZ 15-SAL13-Y3 IRRI g9  ANBNAD.29 IRAN- Improved line
45  HHZ 1-DTI3-Y1-YI IRRI 90 ANBNAD.22 IRAN- Improved line
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Table 4. List and sequence of continuous markers to QTL related to rice quality

S by JIy S Iy o
Marker Forward Reverse References
RM587 ACGCGAACAAATTAACAGCC CTTTGCTACCAGTAGATCCAGC  Meietal, 2012
RM3370 GTGTCTTAGAGCATATAACG AAATCTTGAAAAATTCTTCT Cho et al., 2014
RM217 ATCGCAGCAATGCCTCGT GGGTGTGAACAAAGACAC Cho et al., 2014
RM589 ATCATGGTCGGTGGCTTAAC CAGGTTCCAACCAGACACTG Cho etal., 2014
RM529 CCCTCCCTTCTGTAAGCTCC GAAGAACAATGGGGTTCTGG Sato et al., 2004
RM5642 CCGTTTGTATGTAAGTACAG AGAGAGAGAACTATTCGATG Cho et al., 2014
RM484 TCTCCCTCCTCACCATTGTC TGCTGCCCTCTCTCTCTCTC Cho et al., 2014
RM333 GTACGACTACGAGTGTCACCAA GTCTTCGCGATCACTCGC Cho et al., 2014
RMS5558 GCTGACTTCACACTGCGATC GGCCACTTTCCAAACATCAG MO etal., 2013
RM1161 AAACTGTTTTACCCCTGGCC ATCCCCTTCTGCGGTAAAAC Cho et al., 2014
RM3498  GTGAAAGTCGGTGACGATGG  ACTTAGGGGATCAGGGGATG Choetal., 2014
RM6349 CGTCCACTCGTGACAATGAC TGATCTCCTCCTCCTCCTCC Cho et al., 2014

SSR LG 50 3l oy (slo yumiy JwSTlg 0 ooliiwls yg0 dlgo .Y Jous

Table 2. Material used for polymerase chain reaction in SSR marker

oSy sl (yad 9y50) Slgw ludo Slgo clals
The components of the reaction Amount o material (ul) Concentration of substances
per 10X 3L 1 1X
MgClz 0.48 50 mM
dNTP 0.6 10 mM
51k Tag DNA o, 51 0.12
o, 5kl 0.75 ul 60 ng
eSSkl 0.75 ul 60 ng
o 328, DNA 2.5l 0.5-0.75 ng
H20 3.8 ul
sl o> 10 ul

Table 3. Thermal program for microwave satellite

o)lgple 315 Geller piSS lp (F)ly> aclip ¥ Jguxr
propagation

a5 4 olaxy (al) g (aiBd) 4o °C) Lo > o
Number of cycles Time (min) and (seconce) Temperature (°C) The level
5 95 DNA aJgl (g3l 4z puly
! 45 95 DNA g5l 4 sl
45 - o551 Ll
10 : Skt
45 72 e
45 95 DNA g5l 4 il
25 . :
45 - s 35T Jlas!
X 45 72 S
5 72 sl S
598 3,90 SPSS l3dla i S a5 g9 yS) by, 51 51 lacaiss mbiskle IUT 2015
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Table 5. The diversity indices of microsatellite markers in studied rice genotypes

) .>|..\.iu &5 E9 S5 T Silgly J ,é‘.w sl wls oledbl glgixe

Al 9390955 J Gene Large allel Fyeo & ogle e
Marker Chromosome Na diversity abundance Ne H 1 Pic
RMS87 6 4 0.67 0.38 1.540 0.319 0.482 0.60
RM3370 6 3 0.57 0.56 1.657 0.383  0.567 0.51
RM217 6 3 0.40 0.74 1.400 0.274 0.441 0.37
RM589 6 7 0.78 0.31 1.381 0.255 0.407 0.75
RMS5642 5 5 0.77 0.29 1.476 0.312 0.487 0.74
RM484 10 4 0.67 0.44 1.567 0.338 0.512 0.62
RM333 10 7 0.66 0.44 1.434 0.259  0.406 0.61
RMS5558 5 5 0.71 0.36 1.479 0.289 0.441 0.66
RM1161 6 6 0.75 0.34 1.471 0.293  0.454 0.71
RM3498 6 4 0.70 0.37 1.590 0.363 0.547 0.64
RM3498 3 6 0.78 0.25 1.479 0.310 0.483 0.74

Mean 4.9 0.67 0.41 1.497 0.309 0475 0.63

Total 54 7.46 4.51 6.95
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Table 6. Eigen value, two factors variance and cumulative variance for ten principal components

bl adlgo ojg polio adlgo y2 il )lg o il )ls
Principal component Eigen value The variance of each component Cumulative variance
1 3.11 9.733 9.37
2 2.38 7.461 17.19
3 1.97 6.171 23.36
4 1.90 5.941 29.3
5 1.79 5.603 349
6 1.51 4.740 39.64
7 1.42 4.466 44.1
8 1.34 4.206 48.3
9 1.21 3.805 52.1
10 1.11 3.488 55.58
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Fig. 2. Clustering of the studied genotypes using microsatellite markers linked to the QTL controlling drought tolerance

on Jaccard’s coefficient and UPGMA method.
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Table 5. Banding pattern for studied microsatellite markers
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Table 6. Results of the analysis of the relationship between SSR markers and different traits measured in normal
conditions

olio fase 31 (25 1 O3Sy capd 0 il glas o L] e o 6

Trait Intercept Allele B STD.Error F R?

okl 3lpwn 2 404 RM333 -B 26177 0.722 454" 2.11

Amylose content . RMS587 -A -2.862™ 0.858 9.18™ 5.34

tinyg olpeo 20018 RM589 —C 8.085™ 1.779 9.480™ 3.58

Protein content : RMS587 -B -11.119* 3.703 11.483™ 5.89

s ¥ ol 4y RM587 -B 1.968" 0.385 11.69* 4.55

Gelatinization 2.632 RM333 -A 1.784™ 0.548 11.12* 6.31

temperature RM1161 -B 1.056" 0.459 11.62* 7.44

RM333 -D -0.286™ 1.870 579" 2.66

RM6349 -A 5.697" 0.704 8.10™ 5.19

o9t gy il olino 27612 RM587 —C 4.558" 0.966 8.63™ 6.49

Grain area of brown rice : RMS5558 —C 7177** 0.376 1026** 7.60

RM6349 —C 2216 0.821 15.68" 8.67

RM589 -D 1.971* 0.746 20.74* 9.19

RM217 -A -1.126™ 0.164 28.34™ 6.39

RM333 -C -1.016™ 0.095 37.57 8.34

Sloged gy ails Job 11184 RM3370 -B -0.335™ 0.071 40.31™ 8.96

Grain length Of brown rice ’ RM5642 -E 0395** 0.092 4479** 9.32

RM484 -A 0.423" 0.112 67.98" 9.66

RMS587 -B 0.253" 0.095 86.70" 9.79

Friless 0.935 RM217 -A -0.045" 0.013 12.77" 4.44

Eccentricity

RM5642 -D 0.088" 0.164 5.32° 2.50

RM3498 —A 0.644™ 0.070 7.67" 5.06

Slo9ed gy il Jolno ,had RMS587 -C 0.329™ 0.081 832" 6.41

Equilibrium grain balance 5.856 RMS5558 —-C 0.534™ 0.108 9.88" 7.53

of brown rice RMS589 -D 0.310™ 0.064 1527 8.64

RM217 -C -0.362" 0.116 20.35 9.17

RM1161 -B -0.184" 0.081 24.69" 9.45

RM217 -A -3.357" 0.237 18.28™ 5.33

RM333 -C -1.879" 0.200 19.31* 7.20

oes s 6l s RM6349 —A -4.507" 0.328 25.34* 8.45

SR TR * RM333 -A 2.109" 0.222 36.89" 9.19

Grain circumference of 26167 pyraug0 o 0.834"™ 0.145 47.49™ 9.52

brown rice RM5558 -D 0.834* 0.152 58.20** 9.69

RMS5558 -C 0.940"* 0.206 71.93" 9.81

RM6349 -D 0.634" 0.174 141.66™ 9.92

o i 418 o Lo RM484 —C 4.585" 1.007 7.01" 3.18

o o 21.745 RM5558 -B 3.716™ 0.047 6.85™ 4.95

Grain area of White rice RM5642 —E 2837 1.159 8.20™ 6.54

RM484 -A -1.258" 0.142 21.30™ 5.87

oo s il Jobo £.907 RM333 -C -0.470™ 0.120 27.18" 7.95

Grain length of white rice ’ RM3498 -A 0.513" 0.134 28.56™ 8.68

RM589 —C 0.408"* 0.165 31.42™ 9.13

2o s il P58 3.487 RM1161 -B -0.441° 0.174 6.40" 2.99
Grain width of white rice

3550 3l 2o 0915 RM217 -A -0.073™ 0.012 24.08" 6.16

Eccentricity : RM3370 -A 0.027* 0.012 17.55™ 7.15

i 4l Jolan ylad RM484 —C 0.542"" 0.123 6.99" 3.18

Equilibrium grain balance 5.245 RM5558 -B -0.434" 0.128 6.68™ 4.88

of white rice RM5642 —E 0.330" 0.141 7.68" 6.39

s 41 Lo RM3370 -C 2431 0.380 17.01* 5.31

White grain circumference  22.229 RM484 —C 1.159* 0.384 17.17* 7.10

of white rice RM6349 -D -0.943" 0.333 19.87 8.21

Ao 0 5 ) Jlaiml mlaw ;o 05 o gixe

* and** significant at 5% and 1% probability levels respectively
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Table 7. Results of the analysis of the relationship SSR markers and different traits measured in drought stress

wlas faso 31 252 T Ogm Sy oyt Ol glas o)lol e c p
Trait Intercept Allele B STD.Error F R?
o RM5642 _E 1.6007 0.360 496" 2.76
oMb a5 0l 42y RM484 —A 2.950™ 0.657 579" 491
Gelatinization 4330 RM217 -A 2.600" 0.905 774" 6.79
temperature RM5558 -A -1.550" 0.623 10.09** 8.01
s ol 13087 RM589 —C 5.270**** 1.266 7.3731 * 3.03
Protein content RM587 -B 8.031 2.634 10.131 5.59
RMS5558-C 5,609 0.878 14.47 4.60
o RMS5642-E 2967 0.613 13.14" 6.22
$logted g 4l o buwe 26737  RM3498-A 3.156" 0.672 15.55" 7.57
Grain area of brown rice RM484-D 3.230" 1.176 18.22* 8.39
RMS587-A 2087 0.910 20.07" 8.85
Slosd g5 410 Jsb 10130 RM5642-E -1.189: 0.308 7.17; 2.97
Grain length of brown rice RM333-A 1.195 0.344 6.96 5.99
Slogtd g 4lo e 3537 RM589-E -0.340:* 0.106 8443*: 3.32
Grain width of brown rice : RM1161-D 0.283 0.118 8.22 5.07
F 3l e 093 RM217-A -0.061:* 0.011 18.87: 526
Eccentricity : RM3370-A 0.029 0.011 16.07 6.76
RMS5558-C 0.587" 0.097 13.12" 4.36
Slogtd g1 5 Jolea ylad RM5642-E 10330 0.068 12,31 6.06
Equilibrium grain 5.820 RM3498-A 0.350" 0.074 14.95" 7.49
balance of brown rice RM484-D 0.349" 0.130 17.31™ 8.32
RMS587-A 10230 0.101 19.10" 8.80
s i adls Lo RM217-C 4.441% 0.784 5.60" 2.48
s @ - RM3370-C 1.145* 0.399 7.92** 498
Grain circumference of 22901 RM3498-D 2.714* 0.603 9.96™ 6.66
brown rice RM484-B 1.224* 0.376 14.89* 8.10
RMS589 —C 4.611% 0.479 10.44° 3.81
e s s s RM3498 —A 2,051 0.479 10.74** 573
e T m 16.951 RM5642 -D 3.890" 0.764 16.53" 7.68
Grain area of white rice RM6349 —A -3.058™ 0.841 22.81" 8.67
RM1161 -A 1.829° 0.841 24.05" 9.20
. RM3370 -B -0.866™ 0.138 16.58" 4.94
03 s &ild J5b RM217 -A -1.142" 0.232 14.03* 6.37
Grain length of white 8.792 RM589 —E -0.569** 0.147 14.75™ 7.47
rice RM3498 -C 20461 0.167 18.19" 8.39
RM484-A 0.473" 0.040 13.19% 437
RM5558-C 0.388" 0.044 21.23" 7.26
o cdas 415 596 RM5642-C 0.175" 0.034 27.30" 8.45
Grain width of white rice ’ RM6349-A -0.448™ 0.089 30.43" 8.97
RMS5558-A 0.227" 0.059 37.74" 9.36
RMS587-A 0.180° 0.059 53.13" 9.64
RM484-A -0.052* 0.004 26.45" 6.09
RM333-A 0.036™ 0.005 253" 7.59
3550 5l zeys 0915 RMS589-A 0.022* 0.004 28.01" 8.49
Eccentricity : RMS558-A -0.030™ 0.007 32.07" 9.02
RM484-D -0.028" 0.008 36.67" 9.34
RM1161-C 0.008" 0.003 41.83% 9.54
. . RM589-C 0.593" 0.075 10.08"™ 372
S 410 Jolno 513 RM3498-A 0331 0.067 10.56™ 5.69
Equilibrium grain 4.632 RM5642-D 0.08" 0.119 16.06™ 7.63
balance of white rice RM6349-A -0.380" 0.131 20.13" 8.52
oo s 15 bs RM5642-C 1.828" 0.093 1.828" 3.73
21.462 RM3370-C 2.396" 0.836 2.396" 5.5

White grain circumference . N
of white rice RM6349-D -1.977 0.843 -1.977 6.52
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Abstract

The main source of rice is more than half the world's population and plays an important role in feeding
this population. Because, grain rice is consumed, its quality is of particular importance. In order to study
the physical and chemical quality of rice grain, 90 rice genotypes were planted under normal conditions
and drought stress in the Gonbad-e-Kavos University research farm at 2015-2016. In this research, grain
length, grain width, grain size, grain size, Equilibrium grain balance, Eccentricity, circumference,
amylose content, protein percentage and gelatinization temperature were measured. The result of
microsatellite markers indicate that there were 54 multivariate alleles and also an average of 4.9 alleles
per marker, with the highest number of RM333 and RM589 markers with 7 alleles. The analysis of the
principle coordinates of the SSR markers showed that the first 10 components were able to explanation
55.58 percent of the variation. The determination of the band pattern of the genotypes showed that under
normal conditions for genotypes, 216L, IR59673-93-2-3 and AZUCENA.BALA.225 genotypes had the
highest amylose content (25.8%,, 25.2 and 24.5% respectively). The results of the analysis of the
relationship between the traits measured with the markers used in this experiment showed that among
the 104 effective alleles to evaluate the traits, the gelatinization temperature under normal conditions
was affected by three alleles and amylose and protein content are both affected by two alleles. The
RM587-B allele controls both the gelatinization temperature and the protein content in normal
conditions and is significant at 1% level. Among the traits related to rice quality in normal conditions,
the RM587-B allele was effective in controlling the gelatinization temperature and protein content.
According to the results obtained from this assessment, these traits can be used in breeding programs.
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