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Table 2. Name and information of used molecular markers in present study

ot o CC) wsd les xS (0= 5,50 J5 (0= 228, J5
Melting Y Y
Number Name temperature (°C) Chromosome Forward sequence (5'—3") Revers sequence (5'—3")
1 RM510 55 6 AACCGGATTAGTTTCTCGCC TGAGGACGACGAGCAGATTC
2 RM190 55 6 AAGACACAAATAACTGCAGT GCTTCACTTCTCTGCTTGTG
3 RM1384 55 8 AATGTGGACTAGCTGCCTGC GTACCGGTATACGGCCCTTC
4 RM3805 55 6 AGAGGAAGAAGCCAAGGAGG CATCAACGTACCAACCATGG
5 RM12146 55 1 AGTATGCCCTGCCCACTACACTAGG CAGCGAATGGCAAGAGCAACC
6 RM589 55 6 ATCATGGTCGGTGGCTTAAC CAGGTTCCAACCAGACACTG
7 RM10843 55 1 CACCTCTTCTGCCTCCTATCATGC GTTTCTTCGCGAAATCGTGTGG
8 RMA488 55 1 CAGCTAGGGTTTTGAGGCTG TAGCAACAACCAGCGTATGC
9 RMES10-1" 55 10 CAGGGGGTACGTCTACAAGG TATACCCGGCGAAATACGTC
10 RM10748 55 1 CATCGGTGACCACCTTCTCC CCTGTCATCTATCTCCCTCAAGC
11 RMES9-2 55 9 CCACGTTGATAAGCTCATTGC TGGGCACCGAAAATAAAATC
12 RM212 55 1 CCACTTTCAGCTACTACCAG CACCATTTGTCTCTCATTATG
13 RM231 55 3 CCAGATTATTTCCTGAGGTC CACTTGCATAGTTCTGCATTG
14 RMA468 55 3 CCCTTCCTTGTTGTGGCTAC TGATTTCTGAGAGCCAACCC
15 RM211 55 2 CCGATCTCATCAACCAACTG CTTCACGAGGATCTCAAAGG
16 RM19367 55 6 CGTCATGTCGCGGAGGTAAGC AGGCGTACGTGGAGCAGAGTGC
17 RM452 55 2 CTGATCGAGAGCGTTAAGGG GGGATCAAACCACGTTTCTG
18 RM12091 55 1 CTGCAAATGCACAGGAATCAGG TCCTCTCGCCTTTCTTTCTCTCC
19 RMES6-1" 55 6 CTGCCACCGGTGTAGCTAGT TGGCCCCATCGTATATGAAC
20 RM273 55 4 GAAGCCGTCGTGAAGTTACC GTTTCCTACCTGATCGCGAC
21 RM5493 55 8 GACAAAACACAAAGCAGGAC TAACAAACCAACCAACCAAG
22 RM315 55 1 GAGGTACTTCCTCCGTTTCAC AGTCAGCTCACTGTGCAGTG
23 RM10864 55 1 GAGGTGAGTGAGACTTGACAGTGC GCTCATCATCCAACCACAGTCC
24 RM6697 55 7 GCAAGATCCAGTCGATTTGG ATAACATGAGCATCTCCCCG
25 RM10772 55 1 GCACACCATGCAAATCAATGC CAGAAACCTCATCTCCACCTTCC
26 RM16030 55 3 GCGAACTATGAGCATGCCAACC GGATTACCTGGTGTGTGCAGTGTCC
27 RM279 55 2 GCGGGAGAGGGATCTCCTTA GGCTAGGAGTTAACCTCGCG
28 RM10890 55 1 GCTTCGGCTCTTCATTCACTGG GCGATTATAGGAGCGCTATGTGG
29 RM10825 55 1 GGACACAAGTCCATGATCCTATCC GTTTCCTTTCCATCCTTGTTGC
30 RM1287 55 1 GTGAAGAAAGCATGGTAAATG CTCAGCTTGCTTGTGGTTAG
31 RM493 55 1 TAGCTCCAACAGGATCGACC GTACGTAAACGCGGAAGGTG
32 RMES5-1" 55 5 TATGATAGCGCCTTCGGAGT GAGATTAACGTGCGCTCCTC
33 RM304 55 10 TCAAACCGGCACATATAAGAC GATAGGGAGCTGAAGGAGATG
34 RM1082 55 1 TCATCCGTGGAGCAAGGAGAGG CCTAGCTAATTGGAGTCCGGGTTGG
35 RM302 55 1 TCATGTCATCTACCATCACAC ATGGAGAAGATGGAATACTTGC
36 RM497 55 2 TCCTCTTCACCTATGGGTGG GCCAGTGCTAGGAGAGTTGG
37 RM431 55 1 TCCTGCGAACTGAAGAGTTG AGAGCAAAACCCTGGTTCAC
38 RM10871 55 1 TGAGGCTGTAACGTAGACGATAACC  AAGCCTGCTAGAGAGGCCCAACC
39 RM1384 55 8 TTAATCCATCCTGTAGCTGG TCGCTATCAACACTACCTGC
40 RM521 55 2 TTCCCTTATTCCTGCTCTCC GGGATTTGCAGTGAGCTAGC
41 RM7 55 3 TTCGCCATGAAGTCTCTCGG CCTCCCATCATTTCGTTGTT
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Table 3. Coefficient of determination and standardized regression coefficient between germination components

S Ol S g S el e e

and molecular markers in rice recombinant inbred lines population under normal condition

4;...4_‘} )‘:J'.;u ol J)U}h..v‘ ol c,:x.a_? U"'-‘fj éjbdbu
Dependent Significant Standardized regression Adjusted coefficient of Significant
variable marker coefficient (B) determination (Adjusted R?) level
raisy Jsb RM3496 -0.318 8.8 0.031
R RM211 -0.353 7.2 0.018
Radicle length RM212 -0.314 7.8 0.035
RM10829 0.389 9.3 0.004
il b RM452 -0.607 11.2 0.000
: RM16030 -0.455 15.3 0.002
Plumule length RM304 -0.286 6.6 0.020
RMES5-1 0.264 5.8 0.034
s, 5 O3 RM211 -0.369 9.3 0.016
Radicle fresh weight RM3496 -0.327 8.7 0.031
ity K5 O RM3496 -0.421 12.7 0.004
. . RM211 -0.297 7.4 0.037
Radicle dry weight ;460 -0.292 7.0 0.040
L 5 o
EE S0 RM468 -0.342 9.4 0.031
Plumule fresh weight
RM468 -0.460 8.9 0.002
il SKE2 055 RM452 -0.510 7.9 0.001
Plumule dry weight RM3805 -0.494 8.2 0.003
RMES6-1 0.357 10.1 0.051
u.':)'dj‘ﬁ e ho
Cumulative germination RM211 -0.320 7.9 0.044
percentage
5 540 5 5
IR Sor RM211 -0.320 7.9 0.044
Germination energy
RM452 -0.784 9.9 0.000
S g el RM16030 -0.466 14.3 0.002
e RM12146 -0.359 9.8 0.005
Vigor index RMES6-1 0.290 6.6 0.020
RM10890 -0.279 5.3 0.042
ol s RM315 -0.360 9.7 0.015
A RM452 -0.356 6.9 0.017
Germination rate RM12146 -0.299 7 0.043
_ . RM468 0.424 13.3 0.001
S ol o
e Sl pves2 0.405 125 0.003
Water percentage of  RM12146 0.313 8.5 0.017
seedling tissue RM3496 0.292 75 0.023
Sl s RM212 -0.473 14.8 0.000
S RM211 -0.428 17 0.001
Allometric RM3496 -0.348 13.4 0.004
coefficient RM493 -0.265 5.9 0.027
Sl eSS RMES10-1 -0.356 9.4 0.020
Ger_mlnat_lon RM3496 0.306 7.4 0.044
uniformity
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Table 4. Coefficient of determination and standardized regression coefficient between germination components
and molecular markers in rice recombinant inbred lines population under -0.3MP osmotic stress condition

e AL S S o it e |
| | W IS Bt ol 5 o 5
4......‘..»} -JJ-“;-J“ -)) - - @deﬁ’ LS)‘QL;;-’U’
Dependent Significant Standardized regression Adjusted coefficient Sianificant level
variable marker coefficient (B) of determination (Adjusted R?) 9
5L s o
FE 00 RM452 -0.330 8.6 0.037
Plumule fresh weight
RM3805 0.498 9 0.001
asadle S O RM1287 -0.760 8.1 0.000
Plumule dry weight RMES10-1 0518 18 0.001
RM10748 0.376 6.2 0.036
Sl e Ao s
Cumulative germination RM452 -0.351 10 0.026
percentage
| -
GORIT S0 RM452 -0.351 10 0.026
Germination energy
ealS sl O oo RM3805 -0.487 14.7 0.002
Water percentage of RM488 -0.317 7.7 0.035
seedling tissue
il e
GIRIT = RM302 0.416 15.2 0.008
Germination rate
RM279 0.346 13.6 0.001
RM521 0.391 121 0.000
Skl S RM488 0.446 11.7 0.000
Germination uniformity RM7 0.515 6.1 0.000
RMES9-2 0.362 115 0.002
RM16030 -0.311 8.8 0.004
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i s Gl 25 bl wghsd i T
wps Ol sy Lo 0l S el (Sids e
S s » slaadllas s (Solis et al, 2017) &S o
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Table 5. Coefficient of determination and standardized regression coefficient between germination components
and molecular markers in rice recombinant inbred lines population under -0.6MP osmotic stress condition

g Al s 2 -
4.:4-\«..)“3 ‘)\JL;.\M ol JJ‘JJ[ZMJ] J}:ﬂ«ﬁ) ol C.?b.a: u,:.m; LS‘)\J@M
Dependent Significant  Standardized regression Adjusted coefficient of Significant
variable marker coefficient (B) determination (Adjusted R?) level
i Jb RM12091 0.417 14.9 0.013
Radicle length
RMES6-1 0.508 8.9 0.000
il J b RM431 -0.458 12.4 0.001
) RM452 -0.332 133 0.014
Plumule length RM273 -0.352 9.7 0.008
RM510 -0.285 5.5 0.035
raiey 505 RM12091 0.448 15.7 0.005
Radicle fresh weight RM315 -0.315 .8 0.044
e =5 RMES6-1 0.371 112 0.028
Radicle dry weight
RM273 -0.448 12.8 0.004
RM6697 0.392 17 0.006
ol mead Ao s RMES6-1 0.444 6.5 0.002
Cumulative germination RM12146 0.414 75 0.003
percentage RM3805 -0.520 5.4 0.004
RM16030 0.345 6.2 0.015
RM521 0.231 4.6 0.048
RM273 -0.448 12.8 0.004
RM6697 0.392 17 0.006
.l - RMES6-1 0.444 6.5 0.002
GBI S RM12146 0.414 75 0.003
Germination energy RM3805 -0.520 5.4 0.004
RM16030 0.345 6.2 0.015
RM521 0.231 4.6 0.048
RMESG6-1 0.451 9.3 0.000
1w s RM431 -0.506 14.8 0.000
o RM452 -0.260 12.8 0.042
Vigor index RM273 -0.498 105 0.000
RM12146 0.382 10.2 0.008
ol <ol Ol asys  RMES6-1 -0.421 138 0.008
Water percentage of RM273 0.352 10.4 0.025
seedling tissue
s o sl RM315 -0.379 9.8 0.018
Allometric coefficient RM12091 0.374 12 0.020
RS THNCP RMES6-1 0.363 17 0.023
Germination rate RM510 0.331 8.4 0.038
ESTH IRt RM273 -0.516 22.7 0.001
Germination uniformity RMES6-1 0.353 10.7 0.017
O oS 4l s Shkhe Sk 5l Ay 0V/E 355 ey s (Sabouri et al, 2019) O ,Ses 5 (5 5me
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Table 6. Information on identified genes related to molecular markers which had significant association with

rice germination components under non-stress condition

Cie LS S5 g 05 Kl 05 o 5
Trait Markers Locus names Eaerrr:%s Location Gene description
RM3496 U LOC 0s08g44230 - %2%84:72]%@%42,259- zinc finger family protein
 [— — — —
D LOC 0Os08g44220 - 5:%8358216%34'547_ GLTP domain containing protein
S r2: - retrotransposon protein
i RM211 U LOC_0s02g04540 Chr2: 2020969-2023488 p protei
Radicle length D LOC 0s02g04530 - Chr2: 2011707-2018122  rust resistance-like protein RP1
Chrl: 33,059,187- secretory carrier-associated
RM212 U LOC_Os01g57220 k 3?;1,065,392 membrane protein 1
atanin  Chrl: 33,050,635- WDA40 repeat-containing subunit
I LOC_Os01g57210 gy ™ 33,058,207 B1 homoiog 1
D LOC_0Os01g57190 ---- %6142300;4180 transposon protein
Chrl: 13,342,089-
RM10829 U LOC_0s01g23705 -— 13,342 658
IR — — —
Chrl: 13,340,275
D LOC 0Os01g23700 ---- 13,340,721
RM452 U LOC 0Os02g16770 - Chr2:9565903..9568322  —-
| LOC Oso2g16760 5 BX4 Chr2:9562677.9563849  F-box domain containing protein
azaile J b D LOC _0s02g16750 - Chr2:9559188..9559883  retrotransposon protein
Plumulelength ~ RM16030 U LOC Os03g57340 - Chr3:32708411.3271133 - raperone protein dnaJ
 IR— — — —
RM304 D LOC 0s03g57330 - g:hr3:32700604..3270449 (Ij% nﬁ%llrr?ggrlljtlz:l?n?rllgd[;?gt é?r?tif
Chr10: 18,656,549-
U LOC 0s10g34940 - 18,657,973
| — — — —
D LOC_0Os10g34930 ---- %‘%1401 %%7640'397' secretory protein
RM211 U LOC _0s029g04540 - Chr2: 2020969-2023488  retrotransposon protein
 — — — —
o D LOC_0s02904530 ---- Chr2: 2011707-2018122  rust resistance-like protein RP1
daa) 09 Chr8: 27,842,259- i ; ;
Radicle fresh weight RM3496 U LOC_0s08g44230 - 27847 633 zinc finger family protein
 — — — —
D LOC_0s08g44220 ---- Chr8: 27,834,547- GLTP domain containing protein

27,838,106
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Table 6. Continued
Cis LSS S5 gl o5 ¢ oSl 05 o 5
Trait Markers Locus names S:rggs Location Gene description
Chr8: 27,842,259- L . .
RM3496 U  LOC_Os08g44230 - 27 847,633 zinc finger family protein
| — — — —
. Chr8: 27,834,547- . . .
S 03 D LOC_0Os08g44220  ---- 27,838,106 GLTP domain containing protein
il RM211 :J LOC_0Os02904540  ---- Chr2: 2020969-2023488  retrotransposon protein
Redicle dry D LOC 0s02g04530 --  Chr2:2011707-2018122 rust resistance-like protein RP1
weight RM468 U  LOC Os03g57300 -—  Chr3:32679834..32691070 TRANSPORT PROTEIN (TRAPP)
| LOC 0s03g57290 - Chr3:32672049..32679017 cullin
D  LOC Os03g57280 —  Chr3:32665994.32671254 \-aimethylguanosine tRNA
methyltransferase
il 3O RM468 U LOC_0s03g57300 ---- Chr3:32679834..32691070 TRANSPORT PROTEIN (TRAPP)
R | LOC Os03g57290 -—  Chr3:32672049.32679017 cullin
Plumule fresh i N-dimethylguanosine tRNA
weight D LOC_0Os03g57280 ---- Chr3:32665994..32671254 methyltransferase
RM468 U LOC_0Os03g57300 ---- Chr3:32679834..32691070 TRANSPORT PROTEIN (TRAPP)
| LOC_0Os03g57290  ---- Chr3:32672049..32679017 cullin
D  LOC Os03g57280 -  Chr3:32665994,32671254 \-dimethylguanosine t(RNA
methyltransferase
S U RM452 U LOC_0Os02916770 ---- Chr2:9565903..9568322  -—
il | LOC_0s02g16760 QZEB Chr2:9562677..9563849  F-box domain containing protein
Plumule dry D  LOC_0Os02916750 ---- Chr2:9559188..9559883  retrotransposon protein
weight . . 1Q calmodulin-binding motif domain
RM3805 U  LOC_0s06g06160 Chr6:2855669..2859561 containing protein
| — — — —
D  LOC Os06g06150 -  Chr6:2848747.2849506 2" finger, C3HCA type domain
containing protein
SRV RM211 U  LOC_0s02g04540 ---- Chr2: 2020969-2023488  retrotransposon protein
| — — — —
e
Curmulative D  LOC 0s02g04530 -  Chr2:2011707-2018122  rust resistance-like protein RP1
germination
percentage
S5l 5 RM211 IU LOC_0s02g04540 - Chr2: 2020969-2023488  retrotransposon protein
Germination . . .
energy D LOC 0s02g04530 ---- Chr2: 2011707-2018122  rust resistance-like protein RP1
RM452 U LOC 0Os02g16770 — Chr2:9565903..9568322 —
OsF
| LOC_0s02916760 BX4  Chr2:9562677..9563849 F-box domain containing protein
1
D  LOC_Os02g16750 — Chr2:9559188..9559883 retrotransposon protein
RM16030 U  LOC Os03g57340 — Chr3:32708411..32711331  chaperone protein dnaJ
S as el A . .
. 1Q calmodulin-binding motif domain
Vigor index D LOC Os03g57330 — Chr3:32700604..32704499 containing protein
RM12146 U  LOC Os01g70320 -— Chr1:40723385.40730507 —
| J— J— — J—
D LOC Os01g70310 — Chr1:40714145..40717179  inducer of CBF expression 2
RM108%0 U LOC_0Os01g26060 — Chrl:14767283.14769140 -
| LOC Os01g26039 — Chr1:14754773..14764507  alpha/beta-Hydrolases
D LOC Os01g26020 — Chr1:14752089..14754630 —

05 Sl D sl 0 VLU

U: Upstream; I: In frame; D: Downstream
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Table 6. Continued

i WS S50l b ST Kol 35 s 5
Trait Markers Locus names Sa?gees Location Gene description
RIMVI468 U LOC Os03g57300 — (I332619634.5269 TRANSPORT PROTEIN (TRAPP)
| LOC Os03g57290 — SI3:32672049.3267 eyl
Chr3:32665994..3267  N-dimethylguanosine tRNA
D LOC Os03gsr280  — 1254 memyltrans?erase
U  LOC Os02l6770 — SHZ9565003.95683
Nt %j 42,0 RM452 | LOC_0s02916760 ?fFBX 230:9562677"95638 F-box domain containing protein
W“’ft':fg D LOC Os02g16750 — %0:9559188"95598 retrotransposon protein
ater .
percentage of U  LOC Os01g70320 — S AGT23E0A0T
INGUSSUE 12146 I _ — _— —
D LOC Os01g70310 — %%40714145"4071 inducer of CBF expression 2
U LOC 0s08g44230 — 5;57267%}8342,259- zinc finger family protein
RM34%6 | — —
D  LOC Os08g44220 — G 27.834547- GLTP domein containing protein
. secretory carrier-associated membrane
RM212 U Loc osoigsrzzo  — %&53355’259'187' protein
katanin  Chrl: 33,050,635 \WD40 repeat-containing subunit B1
| LOCO01g57210 gy ™ 33088407 homolog 1
D LOC Os01g57190 — %614433%4 180- transposon protein
U  LOC 0Os02g04540 — %1%20969' retrotransposon protein
s RM2LL R —
S el D  LOC Os02g04530 — Sz, 2011707- rust resistance-like protein RP1
Allemetic U  LOC Os08g44230 — S 21812259 zinc finger family protein
RM349%6 | — —
D  LOC Os08g44220 — G 21.834547- GLTP domein containing protein
Chr1:12291788..1229
U  LOC OS0Ig21900 — an
RM493 | LOC Os01g21880 — 1122801461228
Chr1:12270037..1227
D  LOC Os01g21870 — e
Chr1:36735951..3673
U  LOC O0Ig¥10 — e
RM315 | LOC Os01g63400 — %‘5%:36732836"3673 PPR repeat containing protein
Chr1:36730708..3673
D  LOC O0Ige3398  — chnl
o U LOC ONZSTD — CVo956008. 95688 _
Gerrﬁi; :ti}c; RM452 | LOC_0s02916760 ?fFBX Egrz.9562677..95638 F-box domain containing protein
rate D LOC Os02g16750 -— %’2:9559188"95598 retrofransposon protein
Chr1:40723385..4073
U LOC Os01g70320 — 0507 —
RMI2146 | — —
D LOC Os01g70310 -— %‘%40714145"4071 inducer of CBF expression 2
S U LOC Os08g44230 — 5:;572%%2,259- zinc finger family protein
de; RV | — -
Guenrifpoir?%tii@n D  LOC Os08g44220 — S 21.834547- GLTP domein containing protein

35 Cenrml Do sl 03 VL IU

U: Upstream; I: In frame; D: Downstream
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Table 7. Information on identified genes related to molecular markers which had significant association with
rice germination components under -0.3 MPa osmotic stress condition

Sio LS S5iSagh O oS 85 o5
Trait Markers Locus names nGa?nngs Location Gene description
. RM452 U LOC Os02g16770 - Chr2:9565903..9568322
o “"‘rl'f’“r 7 h””_ " | LOC_0s02916760 OXSEIB Chr2:9562677..9563849 F-box domain containing protein
umule freshweig D LOC Os02g16750 —  Chr2:9559188.9559883 retrotransposon protein
. 1Q calmodulin-binding motif domain
RM3805 U  LOC_0Os06g06160 - Chr6:2855669..2859561 containing protein
| — — — —

D LOC Os06g06150 —  Chre:2848747.2849506  2M° f'”ggﬁtgﬁmggmt{gfndoma'”
sl Six o3y RMI1287 U LOC Os01919190 - Chr:10853801 - 10859425 retrotransposon protein
Plumule dry weight I - -

D LOC 0s01g19170  —- Chr1:10830045..10831911 polygalacturonase

RMIOZ4 y  Loc Os01g21100  —  Chri:11774396.11775010
| — — — —
D LOC Os01g21090  -— Chr:11764595..11762633 retrotransposon protein
BUENWIN RM452 U LOC 0Os02g1677/0 - Chr2:9565903..9568322 -—
il | LOC_0s02916760 OXSEIB Chr2:9562677..9563849 F-box domain containing protein
eSala
Cumulative
germination D LOC 0s02g16750  —- Chr2:9559188..9559883 retrotransposon protein
percentage
w . RM452 U LOC Os02g16770 - Chr2:9565903..9568322
ST S0P | LOC Oso2g16760 B chro:os62677.9563849 F-box domain containing protein
Germination energy X4l .
D LOC Os02g16750  -— Chr2:9559188..9559883 retrotransposon protein
. 1Q calmodulin-binding motif domain
RM3805 U  LOC_Os06g06160 - Chr6:2855669..2859561 containing protein
| —_— — — -
- ol zinc finger, C3HC4 type domain
=S L;“’” D LOC Os06g06150 -  Chré:2848747.2849506 containing profein
4oy . L
Water percentage of CPUO . conserved peptide UORF-containing
seeé?ieng tisslle RM488 U  LOC_Os01g43370 RE17 Chrl: 24808514-24813403 transcript
| — — — —
D LOC Os01g43360  -— Chrl: 24792133-24794372 myosin-le
il e RM302 U LOC Os01g57100 -  Chrl: 32996762-32999264 kinase activity
SIS | LOC Os01¢g57082 - Chrl: 32984982-32994519 insulin-degrading enzyme
Germination rate D LOC Os01g57073  -—  Chrl: 32965305-32977407 insulin-degrading enzyme
RM279 U LOC 0s02g05850 Chr2: 2,887,328-2,892,037 transposon protein
| LOCOS02005840 VIL2  Chr2:2876553:2882,177  VERNALIZATIONEINSENSITIVE
D LOCOs02005830 -—  Chr2:2874934-2876452  "bulosebisphosphate carboxylase
RM521 . uncharacterized Cys-rich domain
U LOC_0Os02918540  -— Chr2:10803654..10812279 containing protein
| LOC 0s02g18530  ---- Chr2:10800144..10802477 REVERSE TRANSCRIPTASES
- | o D LOC 0Os02g18520 - Chr2:10792695..10797081 retrotransposon protein
M S Rvuss CPUO conserved peptide UORF-containing
Ger_rpinat_ion U  LOC_Os01g43370 'Rrp7  Chrl:24808514-24813403 transcript
uniformity |
D LOC Os01g43360  -— Chrl: 24792133-24794372 myosin-le
RM7 U LOC Os03g17680 - Chr3:9832662..9833183
| —_— — — —
D LOC Os03gl7670 - Chr3:9828148..9828898 -
RMIGOS y  Loc oso3gs7340 —  Chra:32708411.32711331 chaperone protein dnaJ
| — — — —
D LOC Os03g57330 -—  Chr3:32700604.32704409  |Q calmodulin-binding motif domain

containing protein
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Table 8. Information on identified genes related to molecular markers which had significant association with
rice germination components under -0.6 MPa osmotic stress condition

Cie LS Solags O i 85 o
Trait Markers Locus names nGa?nngs Location Gene description
RM431 U LOC Os01g66980  -—  Chrl:38900,545-38,902,752 Trigger factor ribosome-binding
| LOC O01ge6970 —  Chrl:38893298-38807.714  ZNC f'”gggtgﬁﬁggr%g‘fnd"ma'”
D LOC Os01g66960 —  Chrl: 38,891,151-38,894,746 selenoprotein precursor
RM452 U LOC 0s02g16770 — Chr2:9565903..9568322
il J b I LOC_0s02916760 ?(SEP Chr2:9562677..9563849 F-box domain containing protein
Plu;nule length D LOC 0s02g16750  — Chr2:9559188..9559883 retrotransposon protein
RM273 U LOC_0s04g40475 — Chrd: 24052947-24054476 SELENIUM-BINDING PROTEIN
| LOC_0s04g40470 — Chrd: 24049070-24051142 cytochrome P450
D LOC Os04g40460  — Chrd: 24043880-24047054 cytochrome P450
RM510 U LOC 0s06g06120 — Chré: 2,832,462-2,836,324
| —_— —_— —_— —_
D LOC 0Os06g06115 -— Chré: 2,828,443-2,830,314
POTIERTY RM315 U LOC Os01g63410 — Chr1:36735951..36737401 — ]
R“' adicle fresh I LOC 0s01g63400 — Chr1:36732836..36737403 PPR repeat containing protein
weight D LOC_0Os01g63393 — Chr1:36730708..36731031
RM273 U LOC_Os04g40475 — Chra: 24052947-24054476 SELENIUM-BINDING PROTEIN
I LOC_0s04g40470 — Chrd: 24049070-24051142 cytochrome P450
D LOC_Os04g40460 — Chrd: 24043880-24047054 cytochrome P450
RM6697 U LOC Os07g03120  — Chr7:1,194,383-1,195595
| —_— —_— —_— —_
D LOC Os07go3110 Q3B Chi7:1183280-1185666 F-box domain containing protein
RM12146 U LOC Os01g70320  — Chr1:40723385..40730507
e D LOC Os01g70310  — Chr1:40714145..40717179 inducer of CBF expression2
Sl RM3805 U LOC Os06g06160 —  Chr6:2855660.2859561  IQ Ca'm"doggt’;}?]'i?gggo'gﬂ'f domain
Cumulative | —_
germination - )
T erceniag D LOC Os06g06150 —  Chr6:2848747.2849506 e g, A e dormaln
RM16030 U LOC Os03g57340 Chr3:32708411..32711331 chaperone protein dnaJ
| —_— —_— —_
D LOC Os03g57330 —  Chi332700604.32704499 @ w'mwoggg}?]'i?]g'ggo'g;%‘f domain
RM52L U LOC Os02g18540 Chr2:10803654.10812279 “”Chmg%giﬁ?nggé{g‘ndomai”
I LOC_0s02g18530 Chr2:10800144..10802477 REVERSE TRANSCRIPTASES
D LOC 0s02g18520 — Chr2:10792695..10797081 retrotransposon protein
U LOC 0s04g40475 — Chr4: 24052947-24054476 SELENIUM-BINDING PROTEIN
RM273 I LOC _0s04g40470 — Chrd: 24049070-24051142 cytochrome P450
D LOC_0Os04g40460 — Chrd: 24043880-24047054 cytochrome P450
U LOC Os07g03120  — Chr7:1,194,383-1,195595
RM6697 | —
D Loc osorgo3tto B e 1,183280-1185.666 F-box domain containing protein
U LOC Os01g70320  — Chr1:40723385..40730507
RM12146 | —
D LOC Os01g70310  — Chr1:40714145..40717179 inducer of CBF expression2
¥ 55, U LOC Os06g06160 —  Chr6:2855669.2850561 @ Ca'm"doggt’;}?]'i?gggo'gﬂ'f domain
Germination RM3805 | —_—
energy . zinc finger, C3HCA4 type domain
D LOC Os06g06150  — Chr6:2848747..2849506 Containing protein
U LOC Os03¢g57340  — Chr3:32708411..32711331 chaperone protein dnaJ
| —_— —_— —_— —_
. 1Q calmodulin-binding motif domain
D LOC Os03g57330  — Chr3:32700604..32704499 containing protein
. uncharacterized Cys-rich domain
U LOC_0s02918540 Chr2:10803654..10812279 containing protein
RM521 I LOC_0s02918530 Chr2:10800144..10802477 REVERSE TRANSCRIPTASES
D LOC 0s02g18520 — Chr2:10792695..10797081 retrotransposon protein
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U: Upstream; I: In frame; D: Downstream
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RM431 U LOC_0s01g66980 —_— Chrl: 38,900,545-38,902,752 Trigger factor ribosome-binding
. zinc finger, C3HCA type domain
I LOC_Os01g66970 —  Chrl: 38893,298-38,897,714 containing profein
D LOC 0s01g66960 — Chrl: 38,391,151-38,894,746 selenoprotein precursor
RM452 U LOC_0s02g16770 — Chr2:9565903..9568322
e s | Loc osuzgiere  OFBX4 chroos62677. 9563849 F-box domain containing protein
Sk 2 D LOC Os02g16750  — Chr2:9559188.9559883 retrotransposon protein
Vigor index RM273 U LOC_0s04g40475 — Chr4: 24052947-24054476  SELENIUM-BINDING PROTEIN
I LOC_0Os04g40470 — Chr4: 24049070-24051142 cytochrome P450
D LOC_0s04g40460 — Chr4: 24043880-24047054 cytochrome P450
RM12146 U LOC 0s01g70320 — Chr1:40723385..40730507
| —_— —_— —_— —_
D LOC_0s01g70310 -— Chr1:40714145..40717179 inducer of CBF expression 2
il o s RM273 U LOC 0OsD4g40475 — Chr4: 24052947-24054476  SELENIUM-BINDING PROTEIN
T < I LOC_OsD4g40470 — Chr4: 24049070-24051142 cytochrome P450
oo
Water percentage D LOC_0s04g40460 — Chr4: 24043880-24047054 cytochrome P450
of seedling tissue
S Sy o RM315 U LOC 0s01g63410 — Chr1:36735951..36737401
Allomefr{c I LOC 0s01g63400 — Chr1:36732836..36737403 PPR repeat containing protein
coefficient D LOC 0Os01g63393 — Chr1:36730708..36731031
RM5I0 U LOC_0s06g06120 — Chr6: 2,832,462-2,836,324
| —_— —_— —_— —_
e s D LOC 0Os06g06115 — Chré: 2,828,443-2,830,314
ge’rm ﬁ; ion r;““te RM273 U LOC Os04g40475  —  Chrd: 24052947-24054476  SELENIUM-BINDING PROTEIN
| LOC_Os04g40470 — Chr4: 24049070-24051142 cytochrome P450
D LOC Os04g40460 - Chr4: 24043880-24047054 cytochrome P450
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Expression data is presented as log2(FPKM + 1) in irrigation (WW) and drought (DR) stress conditions. Expression rates
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Abstract

Since rice needs more water to grow than other cereals, therefore it would be more vulnerable to
water stress and, in this regard, it is necessary to improve rice cultivars to tolerance to environmental
stresses. In this research 154 recombinant inbred lines (F9) derived from a cross between Shah-Pasand
and IR28 in three conditions (non-stress, osmotic stress -0.3 and -0.6 Mpa induced through
polyethylene glycol-6000) were evaluated as a factorial experiment in randomized complete block
design. In addition, for molecular polymorphism experiment, 110 SSR and EST-SSR markers were
assessed on parents of population and among them, 41 markers identified which had proper
polymorphism between two parents. The regression analysis between germination components and
molecular markers revealed the most coefficient of determination were found in RM211 for allometric
coefficient (17%) under non-stress, RMES10-1 for Plumule dry weight (18%) under -0.3 MPa; and
RM273 for germination uniformity (22.7%) under -0.6 MPa. RM3496, RM452, and RMES6-1 in
three conditions had the most number of significant relationships with six, three and eight traits,
respectively, and they can be a suitable candidate for simultaneous improvement of several traits in
breeding programs of marker-assisted selection. In addition, after the identification of significant
markers associated with germination components, the closest genes to these markers were identified
using bioinformatic analysis, and the analysis of their expression were performed by rice
transcriptome database. According to the results, the maximum gene expression pattern under drought
stress and under non-stress conditions were related to loci LOC_0s01g57220 and LOC_0s01g26039,
respectively and this information could be applied in breeding programs.
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