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Evaluation of allelic frequency and association analysis of microsatellite markers

with some traits related to pre-harvest sprouting in rice (Oryza sativa L.) cultivars
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Table 1. Name and pedigree of rice cultivars used in this experiment

¢t e o2 ¢l e
Name Origin Name Origin
2 S OS0! Sl B S -0,
Rashty Sard Iran-Guilan Gharibsiahrayhani Iran-Guilan
WS el Olyijle = Ol 40 @l e oS 014!
Tarom pakotah Iran-Mazandzran Hasansaraee Iran-Guilan
olwps R K| oo NS -0l
Domsia Iran-Guilan Domsefid Iran-Guilan
el NIRRT N oS ol !
Shahpasand Iran-Mazandzran Gharib Iran-Guilan
o Glame Oyl — Ol ) s \ JoTIR24/
Mohamadi chaparsar  Iran-Mazandzran Dasht Amol1/IR24
s S o1, Sl oLes/IR28/IR28
Hasani Iran-Guilan Bejar Domsia/IR28/1R28
JELRUJ O3k - ol ! Y JoT 055 58,5 p /K 2 b
Ghasordashti Iran-Mazandzran Amoll Taichong/Tarom phirozkoh
Ered kg =0l ) Sy U2y (SR ER
Domsorkh Iran-Guilan Dorfak Salari/Sepidrood
adlats p,lb 33k - Ol ! 39 s, 1R28
Tarom mantagheh Iran-Mazandzran Sepidrood Sadri/IR28
O 5l gl S5k - Ol ! 9o IR64669-153-2-3
Shapasand Mazadran  Iran-Mazandzran Kadoos IR64669-153-2-3
Sl b 33k — Ol ! Lo ,7#/IR39385-20-1-2-1-2
Tarom Amiry Iran-Mazandzran Saleh Khazar/ IR39385-20-1-2-1-2
Soto S o1, Cas b Sy JT
Sadri Iran-Guilan Nemat Amol3/Sang Tarom
5553 | kY ¥ T el &Ko/ S pem
Dom Zard Iran-Guilan Neda Amol3/Sang Tarom/Hasansaraee
Sk Ozl = 0l ! ¥ el Sols
Daylamani Iran-Mazandzran Amol3 Introduction
I O ) IR28 12005 0
Binam Iran-Guilan Introduction
sV S 0L IR50 1200 0
Salari Iran-Guilan Introduction
- E 0L IR60 12l 65
Hashemi Iran-Guilan Introduction
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Table 2. Names and characteristics of SSR markers used in this experiment

S Jlail gles p533m85 o Jas g ge o0 &

SSR Marker  Annealing temperature (C) Chromosome number  Size of Motif Reference
RM488 55 1 177 Xie et al., 2011
RM528 55 6 232 WwWw.gramene.org
RM124 67 4 271 Www.gramene.org

RM7 55 3 180 Www.gramene.org
RM11 55 7 140 Www.gramene.org
RM104 61 1 222 Www.gramene.org
RM164 55 5 246 Guo et al., 2004
RM220 55 1 127 WWw.gramene.org
RM247 55 12 131 WWw.gramene.org
RM252 55 4 216 WWWw.gramene.org
RM282 55 3 136 Www.gramene.org
RM309 55 12 169 Www.gramene.org
RM315 55 1 133 Xie et al., 2011
RM320 55 7 167 Www.gramene.org
RM447 55 8 111 Gao et al., 2008
RM481 55 7 169 WwWw.gramene.org
RM519 55 12 122 WWw.gramene.org
RM525 55 2 131 WWw.gramene.org
RM549 55 6 148 WWw.gramene.org
RM128 55 1 157 Xie etal., 2011
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Table 3. Mean, standard error, range, maximum, minimum and coefficient of variation of morphological and biochemical characteristics related to pre-harvest sprouting

in rice cultivars

rSola  jlns sl Sl Sl Sl e S
Plant characteristics SAE Clis MeanzStd Erorr Variance Range Max. Min. CV (%)
Panicle fertility (%) W 500k s 86.25+1.59 81.92 43.35 96.92 53.57 10.49
Pre-harvest sprouting (%) Sl 3 S S8 o ys 18.73 +1.56 166.07 61.73 63.22 1.49 68.79
Pre-harvest sprouting-based on filled grains (%) als e s Cils s 51 i G381 Ao 21.91+£1.89 245.39 69.57 71.34 1.77 71.51
Frequency of grain.spike length aig b s als Glsl b 4.65+0.10 0.72 4.92 7.97 3.05 18.23
Frequency of filled grain.spike length™ Wi dsb s als Sl 3.97+0.07 0.40 3.29 5.89 2.60 15.81
Frequency of sprouted seeds.spike length* b dgb 53034l g wls Slsl 0.87 £0.08 0.44 3.25 3.31 0.06 75.76
Test weight (kg) S 5Sa 05s 39.73+0.66 29.46 26.40 50.80 24.40 13.66
Grain shape (length:width) $ls S 4.13+£0.10 0.66 3.95 6.57 2.62 19.70
Grain thickness:width G135 4 Sl o 0.78 +0.01 0.01 0.50 0.98 0.48 12.61
Grain volume (mm?d) G153 gz 24.69 £0.54 19.54 19.37 36.42 17.05 17.90
Panicle volume (cm?) A 291+0.12 0.99 4.00 5.00 1.00 34.19
Protein content of grain (mmol.ml?) Gl s, gl 487.03+2463 4126154 823.32 907.25 83.92 41.71
Alpha amylase activity (umol.g Fw? x 10?) DT WT 5T s 0.27 £ 0.02 0.03 0.80 0.89 0.09 60.76
Plant height (cm) Fppar-g 131.46 £2.42 399.06 86.00 177.40 91.40 15.19
Number of effective tillers Jgedoy sl 11.61+0.38 9.85 16.00 22.00 6.00 27.02
Thickness of lemma (mm) [NRGWES 0.17 £ 0.005 0.001 0.18 0.27 0.09 24.57
Thickness of palea (mm) WL Calis 0.20 £ 0.005 0.001 0.21 0.28 0.07 21.33
1000 grain weight (g) als i3 05 25.49+0.34 8.09 12.20 33.10 20.90 11.15
Grain density (mg.ml™) ol J&s 1.06 + 0.02 0.03 0.78 1.55 0.77 16.78



https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.1.4.3
http://agrobreedjournal.ir/article-1-608-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1395.18.1.4.3 ]

A0 Hlgr ) oslad cpaitoms o Kol o5 p e Al

g s 03 .QL«SNGSJ{J:W o sl sl
sRM128 (RM164 (RM481, RM104 SGL_z =
pLool 5315 p 55 (slaas L ldda oy iy RM220
o=l =il ol s g 4y ULyl 5, 4 =
635 6 YL L ol oS Sy ol ¢ ol
P N5 L g e E ) V- N 5 FYCI
NS placs o 4 gy altes slacs 55
il Al o a5 BB s 555 (S8 Bl
bt b s (Ll o Slalllae s b Sl
Sheliw oS J S cLQTL LoKs 5 S5
Cmo b el K 5 03 55 13, 55 5 (6 20 S5
Ll e L s sy sla SSLi o 0 03 08 87 )1 3
Ol 55 n ol by ST Iy 1y sl 5 g Dl
23S slgii e Sllas gl 1) LT

S5 Lo 5 b LS ey S5 Sy
ot P Sl o 5 5 Jiomn (oS Sl
030l ol oS Sl 3500 5 IS g0 sla Kol
Jr=S et 5 (J5Sge b SLis oy S
e 1 DU ol Al b (oS Slis adS
L UislesT ol s (Virk et al., 1996) Coul o3 S
Sl pitn e L8 0 08 05 55 o Sl ealin
Jome Sl a5 (o y 5 35 50 D) dimasl s
(i 51 a ol S-S sla Sl
3561 (0 Jsds) Bds Ladie s g sla Sl
Aoy 5 Cbls Sl i Giasl dsys i
WP PN P SNSUPSICIN-| VIS I WIS P P
5o, VP 5 s 5 4 RMB25 oS i KL
Sl L ges S agl) 3 Slaw Ol i
ol Olas 3550 53 3l OLES (g4l e LS
AT Cle Ol e 5 ad s J b 53 035400 4l
4 RM124 5 RM447 RM525 (sla SLas jDleT WIT
ot LIl Ao 3 YA 5¥Y i 5 au oS i b
Load g Jsb s osjal e ails Slgl p i 95 .d
5 e (S G T LT 55T b O 5n

Pl s 1) O slh § 55 Ol o 2 ol
o L il esliul U 48T s 5 sl
e il o plowl oy 3555 YA 5 0l5ale
(Rahman et al., 2010) & 3,57 - Y/Y Osls g5
OHLSen 5 2l S Loy 05l g5 oSSl
Lz OF esliul L (Kebriaee et al., 2012)
L s 55T /Y e G 55 VF Gl el sale s
Sl a8 oy r i A | o 53 Al
sl G sl 4 i KLt A eds
Vo) 5 05l g 55 astli 3557 5 55 65,8 30
Rl Sl 45 by Ll (6 K3 £55 et ls
B{EE GO P N < F RN N UREOE RV
Sl e Ls 5l Calisee SLile3T s o8 ole Kl
osliiul (s 1) 95 2 (6 b D s 55
Ssh
Cl 2l (PIC) ISk Sledb| (g g
LS 1 S 6 350 4 015 g0 Oty oS
j\éPIC.:ﬁ@WQjJJJLZL?Q:\:
e 5 035 b SLES a3 O b)) sla sl
Jeos adllan 35 g0 & s 3ldad 31 Jitas oS Sl 2ds
ol G L (Botstein et al. 1980) A7 o
5 ot /AY i LRM104 SSLis o7 sls ol
sobasstl 55 4 1 PIC ldie oy 28+ /1+ L RM282
oyl /08 oL ol u,:il_:.e Asls
Kebriaee et al., ) ol LSer 5 oL S (FJsds)
3 0des =3l ¢ o 251 51 035 VE 51 L (2012
s L& 08 jleslinal b g 1 sl slacyY
VAL JSCs i SleMbl (gl gmme 5L ol pale
bl ol s 55 45T ST s ses il
Lo ilesT s plal o oslizal 5 40 sla Sl
ol p Sl Gy (G50l b BLLT s (S
51 pLEl e 55 SIS Al p G b 5
Wi S 55 ) oS 025 bl 3l Gy 41
el Al p S ) s ool A 9


https://dor.isc.ac/dor/20.1001.1.15625540.1395.18.1.4.3
http://agrobreedjournal.ir/article-1-608-en.html

[ Downloaded from agrobreedjournal.ir on 2026-05-19 ]

[ DOR: 20.1001.1.15625540.1395.18.1.4.3 ]

e Pl 4 s MT Gl bl

Cf&)f?)b@‘}f)‘ﬂg)&‘?@ap&‘f c)b.&LAﬁ_JLg\AJiW&}S Lgbzua;-h:—f d}vb‘

Table4. The diversity indices of SSR markers for pre-harvest sprouting in 36 rice cultivars

K ogls Lasls e I sl ki odalin PTolas SAeSbl (gl yomn

SSR Shanon’s information ~ Effective No. Observed No IS e
marker index (1) alleles (Ne) alleles (Na) PIC
RM128 1.47 3.57 6 0.71
RM549 0.67 1.94 20 0.41
RM525 1.00 2.57 3 0.56
RM519 1.21 2.74 5 0.60
RM488 0.95 2.00 4 0.48
RM447 1.26 3.12 4 0.65

RM282 0.13¢ 1.06@ 20 0.10@
RM309 1.14 2.81 4 0.61
RM252 0.96 2.44 3 0.54
RM220 1.41 3.77 5 0.71
RM164 1.56 4.10 6 0.74
RM104 1.75 5.56 6 0.81
RM320 1.12 2.46 5 0.57
RM11 1.24 3.26 4 0.64
RM7 117 3.02 4 0.63
RM481 1.64 4.59 6 0.77
RM528 1.14 2.82 4 0.61
RM315 1.22 3.04 4 0.64
RM247 112 2.47 4 0.58
RM124 0.62 1.78 20 0.34
Mean 5L 1.14 2.95 4.15 0.59
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Table 5. Analysis of stepwise regression between plant characteristics related to pre-harvest sprouting and

molecular data for effective markers identification in 36 rice cultivars

A e b Sl 3 s o
Plant characteristics Markers R? Pr.
PHEY Jﬁ;,
Grain shape (length:width) RM320- RM447-RM220-RM282 0.47 0.027
als b e 4 Lalbed Lo ! i
Grain thickness:width RM282-RM320-RM447 0.38 0.022
i : e RM447 0.11 0.029
Grain volume (mm®)
als OS5 Sl g
Protein content of grain (mmol.mI?) RM220 0.09 0.039
T T o 5T 2 . ) 0.047
Alpha amylase activity (umol.g Fw*rx 10?) RM525-RM447-RM124 0.28
Gy KUJ)‘
Plant height (cm) RM11 0.20 0.003
aoey slday
Number of effective tillers RM164 0.28 0.001
L Cwles
Thickness of lemma (mm) RM11 0.12 0.023
4 SHak Ae s
Panicle fertility RM124 0.17 0.007
el chnsy RM525 0.09 0.040

Pre-harvest sprouting (%)

(Table 5. Continued) & J gl asls|

S Sliw Sl Sl e o
Plant characteristics Markers R? Pr.
R e S Sl R G54 Ao
Pre-harvest sprouting-based on filled grains (%) RM525 0.14 0.015
b p2esidl Ao AW pusos RMA4T-RMI2A 031 0.024

Frequency of sprouted seeds.spike length
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Evaluation of allic frequency and association analysis of microsatellite markers
with some traits related to pre-harvest sprouting in rice (Oryza sativa L.) cultivars

Nikzade Talebi, S.1, A. Aalami?, M. Esfahani® and A.A. Ebadi*

ABSTRACT

Nikzade Talebi, S., A. Aalami, M. Esfahani and A. A. Ebadi. 2016. Evaluation of allelic frequency and association analysis of
microsatellite markers with some traits related to pre-harvest sprouting in rice (Oryza sativa L.) cultivars. Iranian Journal of

Crop Sciences. 18(1): 49-62. (In Persian).

To study allelic frequency and association analysis of microsatellite markers with some traits related to pre-
harvest sprouting in rice, 34 local varieties/ improved rice cultivars were planted in research field of Faculty of
Agricultural Sciences, University of Guilan, Rasht, Iran, in 2013 cropping season. Traits related to pre-harvest
sprouting were measured in the field and recorded. Also the banding pattern of 20 microsatellite markers was
determined and their association was evaluated with these traits. Results analysis of variance showed that local
varieties/cultivars had significant differences for all traits at 1% of probability level that implies high genetic
variation for traits related to pre-harvest sprouting. Results of allelic diversity revealed average number of
effective alleles, Shannon’s index and polymorphic information content equal to 2.95, 1.14 and 0.59,
respectively. Association analysis between microsatellite markers and traits showed the highest coefficient of
determination with 47% explained by four markers RM282, RM220, RM447 and RM320 for grain shape. For
pre-harvest sprouting (%) and pre-harvest sprouting (%) based on the number of filled grain, a common marker,
RM525, explained 9% and 14% of the variation observed for these two characteristics, respectively. Markers
RM525, RM447 and RM124 commonly showed 31% and 28% association with two traits, frequency of sprouted
seeds in the panicle and Alpha-amylase enzyme activity, respectively. Therefore, due to significant association
of these markers, scanning of adjacent chromosomal regions can be useful for identifying allels controlling traits

related to pre-harvest sprouting in rice.

Key words: Alpha amylase enzyme, Molecular markers, Pre-harvest sprouting and Rice.
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