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Abstract o>

Drought is one of the most important limiting factors
for economic produce crops especially rice in the
world. In order to identify related markers to yield and
agronomic traits under drought stress condition, 40
recombinant inbred lines Fy (RILs) derived from IR28
and Shah-Pasand varieties evaluated at Rice Research
Institute of Iran (Rasht) in the spring and summer 2018,
as randomized block design with three replications. In
this regard, 110 SSR and EST-SSR markers were
assessed on parents of population and identified 41
markers had proper polymorphism between two
parents. According to the regression analysis results, 24
and 22 significant markers identified under normal and
drought stress conditions respectively. The maximum
adjusted (R? wunder normal and drought stress
conditions were assigned to RM3496 linked to days to
flowering (24.8%) and RMES6-1 linked to panicle
exsertion (28.1%), respectively. Two markers RM211
and RM6697 had the most number of significant
relationship with different traits including panicle
length, flag leaf length, number of filled grains per
panicle, the total number of grain per panicle, and
weight of filled grain per panicle under non-stress and
drought stress conditions respectively. According to the
bioinformatics searches, the maximum gene expression
pattern under drought stress condition was related to
gene with accession code LOC_0s01g43370. The
identified informative markers and the detected genes
by bioinformatics approaches after validation can be
utilized in marker assisted-selection (MAS) or gene
transfer approaches for improving rice yield and
tolerance to drought stress.
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1 RM7 TTCGCCATGAAGTCTCTCG CCTCCCATCATTTCGTTGTT
2 RM190 CTTTGTCTATCTCAAGACAC TTGCAGATGTTCTTCCTGATG
3 RM212 CCACTTTCAGCTACTACCAG CACCATTTGTCTCTCATTATG
4 RM231 CCAGATTATTTCCTGAGGTC CACTTGCATAGTTCTGCATTG
5 RM302 TCATGTCATCTACCATCACAC ATGGAGAAGATGGAATACTTGC
6 RM431 TCCTGCGAACTGAAGAGTTG AGAGCAAAACCCTGGTTCAC
7 RM493 TAGCTCCAACAGGATCGACC GTACGTAAACGCGGAAGGTG
8 RM510 AACCGGATTAGTTTCTCGCC TGAGGACGACGAGCAGATTC
9 RM3805 AGAGGAAGAAGCCAAGGAGG CATCAACGTACCAACCATGG
10 RM12091 CTGCAAATGCACAGGAATCAGG TCCTCTCGCCTTTCTTTCTCTCC
11 RM19367 CGTCATGTCGCGGAGGTAAGC AGGCGTACGTGGAGCAGAGTGC
12 RMES5-1* TATGATAGCGCCTTCGGAGT GAGATTAACGTGCGCTCCTC
13 RMES6-1* CTGCCACCGGTGTAGCTAGT TGGCCCCATCGTATATGAAC
14 RMES9-2* CCACGTTGATAAGCTCATTGC TGGGCACCGAAAATAAAATC
15 RMES10-1* CAGGGGGTACGTCTACAAGG TATACCCGGCGAAATACGTC
16 RM6697 GCAAGATCCAGTCGATTTGG ATAACATGAGCATCTCCCCG
17 RM1384 TTAATCCATCCTGTAGCTGG TCGCTATCAACACTACCTGC
18 RM5493 GACAAAACACAAAGCAGGAC TAACAAACCAACCAACCAAG
19 RM3496 AATGTGGACTAGCTGCCTGC GTACCGGTATACGGCCCTTC
20 RM10748 CATCGGTGACCACCTTCTCC CCTGTCATCTATCTCCCTCAAGC
21 RM10772 GCACACCATGCAAATCAATGC CAGAAACCTCATCTCCACCTTCC
22 RM10825 GGACACAAGTCCATGATCCTATCC GTTTCCTTTCCATCCTTGTTGC
23 RM1082 TCATCCGTGGAGCAAGGAGAGG CCTAGCTAATTGGAGTCCGGGTTGG

24 RM10843
25 RM10864
26 RM10871
27 RM10890
28 RM12146
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CACCTCTTCTGCCTCCTATCATGC
GAGGTGAGTGAGACTTGACAGTGC
TGAGGCTGTAACGTAGACGATAACC AAGCCTGCTAGAGAGGCCCAACC
GCTTCGGCTCTTCATTCACTGG
AGTATGCCCTGCCCACTACACTAGG CAGCGAATGGCAAGAGCAACC

GTTTCTTCGCGAAATCGTGTGG
GCTCATCATCCAACCACAGTCC

GCGATTATAGGAGCGCTATGTGG

29 RM1287 GTGAAGAAAGCATGGTAAATG CTCAGCTTGCTTGTGGTTAG

30 RM16030 GCGAACTATGAGCATGCCAACC GGATTACCTGGTGTGTGCAGTGTCC
31 RM273 GAAGCCGTCGTGAAGTTACC GTTTCCTACCTGATCGCGAC
32 RM304 TCAAACCGGCACATATAAGAC GATAGGGAGCTGAAGGAGATG
33 RM452 CTGATCGAGAGCGTTAAGGG GGGATCAAACCACGTTTCTG
34 RM488 CAGCTAGGGTTTTGAGGCTG TAGCAACAACCAGCGTATGC
35 RM497 TCCTCTTCACCTATGGGTGG GCCAGTGCTAGGAGAGTTGG
36 RM521 TTCCCTTATTCCTGCTCTCC GGGATTTGCAGTGAGCTAGC
37 RM315 GAGGTACTTCCTCCGTTTCAC AGTCAGCTCACTGTGCAGTG
38 RM279 GCGGGAGAGGGATCTCCT GGCTAGGAGTTAACCTCGCG
39 RM211 CCGATCTCATCAACCAACTG CTTCACGAGGATCTCAAAGG
40 RM468 CCCTTCCTTGTTGTGGCTAC TGATTTCTGAGAGCCAACCC
41 RM589 ATCATGGTCGGTGGCTTAAC CAGGTTCCAACCAGACACTG
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RM1287 -0.638 0.123 0.000

RM10871 0.291 0.127 0.017

93k 4oy Sl RM7 0.407 0.105 0.001

RMES10-1 0.376 0.076 0.005

RM10829 -0.329 0.102 0.006

I amy olaws RM431 0.431 0.165 0.005

RM279 0.642 0.161 0.000

RM10829 0.422 0.086 0.001

loddss s RMES6-1 0.485 0.098 0.000

RM19367 -0.315 0.064 0.012

RM10772 -0.249 0.014 0.043

asgs Job RM6697 0.455 0.135 0.003

RM211 0.321 0.082 0.032

RMES6-1 -0.501 0.186 0.000

RM273 0.442 0.077 0.001

GMe jl abes zoss Jpe  RM212 0.564 0.064 0.000

RM493 0.344 0.090 0.006

RM19367 -0.439 0.056 0.001

RM211 0.512 0.205 0.000

RM6697 0.341 0.138 0.004

o2 Sy b RM279 0.443 0.091 0.000

RM212 -0.331 0.102 0.006

RMES5-1 0.307 0.088 0.008

tongt shia RM3496 0.526 0.184 0.000

i RM304 -0.376 0.122 0.009

RM1384 -0.296 0.082 0.016

RM6697 0.477 0.107 0.000

Adgh 5 o)l als Slass RM279 0.422 0.111 0.001

’ RM211 0.421 0.067 0.002

RM190 0.312 0.059 0.012

RM19367 -0.305 0.073 0.020

RM211 0.476 0.114 0.001

Sy als Sl RM10772 0.572 0.152 0.000

RM468 -0.364 0.093 0.008

RMES9-2 0.277 0.065 0.031

RM211 0.593 0.199 0.000

wigs S abols RM6697 0.357 0.088 0.010

RM10772 0.295 0.070 0.031

RM279 0.528 0.155 0.000

RM6697 0.563 0.129 0.000

Adgd 1 He,l Al 39 RM211 0.445 0.075 0.001

RM19367 -0.358 0.067 0.009

RM468 0.282 0.050 0.045

oS 1o D b g, 5l RM3496 0.425 0.248 0.004

RM510 0.311 0.072 0.031

RM279 0.722 0.184 0.000

RM10829 -0.482 0.092 0.000

s 5,8kes RMES6-1 0.479 0.093 0.000

RM10772 -0.399 0.045 0.001

RM19367 -0.311 0.063 0.007

RM190 0.264 0.002 0.018
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o ol RM19367 -0.420 0.109 0.007

# & RM273 0.313 0.075 0.040

RM10829 -0.384 0.168 0.006

192 4oy ol RM589 -0.332 0.076 0.017

RM10772 -0.323 0.091 0.019

5 ety oo RM431 0.391 0.196 0.009

i RM12091 0.299 0.067 0.042

RM10843 -0.376 0.106 0.011

loades ) RM19367 -0.349 0.078 0.018

RM12091 0.308 0.077 0.034

g Jobo RM6697 0.374 0.117 0.017

RMES6-1 -0.434 0.281 0.001

RM211 -0.431 0.035 0.000

5 | abt et -l RM273 0.405 0.086 0.002

S B> U RMES10-1 0.251 0.051 0.041

RM190 0.267 0.049 0.021

RM10772 -0.243 0.043 0.049

RM211 0.587 0.280 0.000

S b RM6697 0.409 0.098 0.001

mER e RM302 0.293 0.072 0.014

RM279 0.263 0.059 0.027

L RM10748 -0.460 0.115 0.004

PER SR 02T RM497 -0.338 0.088 0.028

ot oo RM3496 0.404 0.083 0.008

s RM304 -0.398 0.135 0.009

JS 5ok 4l sl RM6697 0.339 0.092 0.032

RM211 0.552 0.185 0.006

ol ol RM10772 0.550 0.133 0.006

% RM468 -0.354 0.085 0.006

RMES9-2 0.332 0.103 0.006

RM211 0.511 0.140 0.000

g5 JS s s RM6697 0.405 0.083 0.003

Y RM279 0.331 0.106 0.013

RM10772 0.290 0.070 0.029

s RM6697 0.383 0.081 0.013

=03 RM279 0.358 0.107 0.019

S s RM19367 0.441 0.121 0.004

i RM488 0.366 0.114 0.014

oot b o RM3496 0.401 0.278 0.006

o® ) 29 RMES6-1 0.357 0.093 0.014

RM10843 -0.425 0.138 0.004

ails 5 Slas RM19367 -0.355 0.087 0.015

RM12091 0.260 0.050 0.068
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o linked O pl i b Cuabgo O3 T
RM431 UpStream  LOC_0s01g66980 o Chrl: 38,900,545-38,902,752  Trigger factor ribosome-binding
. y zinc finger, C3HCA4 type
InFrame LOC_0s01g66970 _ Chrl: 38,893,298-38,897,714 domain containing protein
DownStream LOC_0Os01g66960 _ Chrl: 38,891,151-38,894,746 selenoprotein precursor
Adg> g RM279 UpStream  LOC_0s02g05850 _ Chr2: 2,887,328-2,892,037 transposon protein
InFrame ~ LOC_Os02g05840  VIL2  Chr2: 2,876,553-2,882,177 Vema"Za;;g?e'i'gsens't"’e
DownStream LOC_Os02g05830 Chr2: 2,874,934-2876,452  "ulose bisphosPate carboxylase
RM10829 UpStream  LOC_0s01g23705 _ Chrl: 13,342,089-13,342,658 _
InFrame ieiaiaied _ _ _
DownStream LOC_0s01g23700 _ Chrl: 13,340,275-13,340,721 _
. g zinc finger, C3HC4 type domain
RM19367  UpStream  LOC_0s06g05200 _ Chré: 2,335,680-2,336,297 containing protein, expressed
InFrame faioialal _ _ _
DownStream LOC_Os06g05190  BRCA1 Chré: 2,329,883-2,334,474 DNA-repair protein
RM10772  UpStream  LOC_0s01g21680 _ Chrl: 12,163,770-12,164,080 _
InFrame LOC_0s01g21670 _ Chrl: 12,157,455-12,161,768 _
DownStream LOC _0s01g21660 _ Chrl: 12,154,685-12,156,630 _
pSpdd  RM211 UpStream  LOC_0s02g04540 Chr2: 2020969-2023488 retrotransposon protein
InFrame _ _ _ o )
DownStream LOC_Os02g04530 Chr2: 2011707-2018122 “‘ﬂgﬁ':fﬁ?f&"ke
RM6697  UpStream  LOC_0s07g03120 Chr7:1,194,383-1,195,595 _
InFrame _ _ _ _ o
DownStream LOC_Os07g03110 OsFBX213  Chr7: 1,183,280-1,185,666 F-box domain containing

Protein

PpaboSles g sl Clas b pwils jingh 0 a8 b, Slis b g e odd olold b ; leMbl ¥ i asll
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Cdno SSR-Linked oo pb os el Cundgo 05 T
RM279 UpStream  LOC_0s02g05850 _ Chr2: 2,887,328-2,892,037 transposon protein
InFrame  LOC_0s02g05840 VIL2 Chr2: 2,876,553-2,882,177  Vernalization — insensitive protein
. ribulose bisphosphate
DownStream LOC_0s02905830 Chr2: 2,874,934-2,876,452 carboxylase small chain
. secretory carrier-associated
RM212 UpStream  LOC_0s01g57220 _ Chrl: 33,059,187-33,065,392 membrane protein
. . ’ WDA40 repeat-containing
InFrame  LOC_0s01g57210 katanin p80 Chrl: 33,050,635-33,058,497 subunit B1 homolog 1
DownStream LOC_0s01g57190 _ Chrl: 33,044,180-33,044,803 transposon protein
Adg> dliws
RM3496*  UpStream LOC_0s08g44230 _ Chr8: 27,842,259-27,847,633 zinc finger family protein
InFrame _ _ _ _
DownStream LOC_0s08g44220 _ Chr8: 27,834,547-27,838,106 ~ GLTP domain containing protein
RM304 UpStream  LOC_0s10g34940 _ Chr10: 18,656,549-18,657,973 _
InFrame _ _ _ _
DownStream LOC_0s10g34930 _ Chrl0: 18,640,397-18,641,937 secretory protein
ades > ab ol
RM211 UpStream  LOC_0s02904540 _ Chr2: 2020969-2023488 retrotransposon protein
InFrame _ _ _ _
DownStream LOC_0s02g04530 _ Chr2: 2011707-2018122 rust resistance-like protein RP1
RM6697*  UpStream LOC_0s07g03120 _ Chr7:1,194,383-1,195,595 _
InFrame _ _ _ _
DownStream LOC_0Os07g03110 OsFBX213  Chr7: 1,183,280-1,185,666 ~ F-box domain containing protein
RM10772  UpStream LOC_0s01g21680 _ Chrl: 12,163,770-12,164,080 _



InFrame

LOC_0s01g21670

DownStream LOC_0s01921660

Chrl: 12,157,455-12,161,768
Chrl: 12,154,685-12,156,630
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RM3496* UpStream LOC_0s08g44230 _ Chr8: 27,842,259-27,847,633 zinc finger family protein
InFrame _ _ _ _
DownStream  LOC_0s08g44220 _ Chr8: 27,834,547-27,838,106  GLTP domain containing protein
RM510 UpStream LOC_0s06g06120 _ Chré: 2,832,462-2,836,324 _
InFrame _ _ _ _
DownStream  LOC_0Os06g06115 _ Chr6: 2,828,443-2,830,314 _
&l > Sles
RM279 UpStream LOC_0s02g05850 Chr2: 2,887,328-2,892,037 transposon protein
InFrame LOC_0s02g05840 VIL2 Chr2: 2,876,553-2,882,177 Vernilization-insensitive protein
DownStream  LOC_0s02g05830 Chr2: 2,874,934-2,876,452  "'Pul0se bisphosphate carboxylase
small chain
RM10829 UpStream LOC_0s01923705 _ Chrl: 13,342,089-13,342,658 _
InFrame _ _ _ _
DownStream  LOC_0s01g23700 _ Chrl: 13,340,275-13,340,721 _
RM10772 UpStream LOC_0s01g21680 _ Chrl: 12,163,770-12,164,080 _
InFrame LOC_0s01g21670 _ Chrl: 12,157,455-12,161,768 _
DownStream  LOC_0s01g21660 _ Chrl: 12,154,685-12,156,630 _
RM19367  UpStream  LOC_Os06g05200 _ Chr6: 2,335,680-2,336,207 21 finger, C3HC4 type domain
containing protein, expressed
InFrame _ _ _ _
DownStream  LOC_0s06g05190  BRCA1 Chr6: 2,329,883-2,334,474 DNA-repair protein
RM190 UpStream LOC_0s06g04200 _ Chr6: 1,765,622-1,770,656 starch synthase
InFrame _ _ _ _
DownStream  LOC_0s06904195 Chr6: 1,761,433-1,762,875

blpd )3 gy albs 0)Slas 5 (oly; Clio b ol (hngh 3 & (2laySlis L lasye 0l ololid lag; Cledbl 0 Jooo
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linked oSep o) P Cuxdgo Gene Description
inc finger C3HC4 type domain
Syels)  RMI19367  UpStream  LOC_0s06g05200 Chré: 2335680-2336207 0 e * type domal
containing protein expressed
InFrame _ _ _ _
DownStream  LOC_0s06g05190 BRCA1 Chr6: 2329883-2334474 DNA-repair protein
RM273 UpStream LOC_0s04g40475 _ Chr4: 24052947-24054476 Selenium-binding protein
InFrame LOC_0s04g40470 _ Chr4: 24049070-24051142 cytochrome P450
DownStream  LOC_0s04g40460 _ Chrd4: 24043880-24047054 cytochrome P450
oy Sl
RM431 UpStream LOC_0s01g66980 _ Chrl: 38900545-38902752  Trigger factor ribosome-binding
InFrame  LOC_Os01g66970 Chrl: 38893298-38897714 zine finger C3HC4 type
- - domain containing protein
DownStream  LOC_0s01g66960 _ Chrl: 38891151-38894746 selenoprotein precursor
b (39
RM10843 UpStream LOC_0s01g24470 PHS1 Chrl: 13794686-13799906 Propyzamide-hyper sensitive
InFrame _ _ _ _
histone-like transcription factor
DownStream  LOC_0s01g24460 Chrl: 13788467-13789890 -
- - and archaeal histone
RM19367 UpStream LOC_0s06g05200 _ Chr6: 2335680-2336297 2ne fm.g(?r C3HC‘.1 type domain
containing protein expressed
InFrame _ _ _ _
DownStream  LOC_0s06g05190 BRCA1 Chr6: 2329883-2334474 DNA-repair protein
abg Jobo
RM6697* UpStream LOC_0s07g03120 _ Chr7: 1194383-1195595 _

InFrame



ay

DownStream

LOC_0s07903110  OsFBX213

Chr7: 1183280-1185666
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F-box domain containing protein
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w20 Sy Jdb RM211 UpStream  LOC_0s02g04540 _ Chr2: 2020969-2023488 retrotransposon protein
InFrame _ _ _ _
DownStream LOC_0s02904530 _ Chr2: 2011707-2018122 rust resistance-like protein RP1
M6697*  UpStream  LOC_0s07g03120 _ Chr7: 1194383-1195595 _
InFrame _ _ _ _
DownStream LOC_0Os07g03110 OsFBX213  Chr7: 1183280-1185666 F-box domain containing protein
RM302 UpStream  LOC_0s01g57100 _ Chrl: 32996762-32999264 kinase activity
InFrame LOC_0s01g57082 _ Chrl: 32984982-32994519 insulin-degrading enzyme
DownStream LOC_0s01g57073 _ Chrl: 32965305-32977407 insulin-degrading enzyme
RM279 UpStream  LOC_0s02g05850 _ Chr2: 2887328-2892037 transposon protein
InFrame LOC_0s02g05840 VIL2 Chr2: 2876553-2882177 Vernalization-insensitive protein
DownStream  LOC_0s02g05830 Chr2: 2874934-2876452 ribulose bisphosphate
carboxylase small chain
abgs M RM3496*  UpStream  LOC_0Os08g44230 _ Chr8: 27842259-27847633 zinc finger family protein
InFrame _ _ _ _
DownStream LOC_0s08g44220 _ Chr8: 27834547-27838106 ~ GLTP domain containing protein
RM304 UpStream  LOC_0Os10g34940 _ Chr10: 18656549-18657973 _
InFrame _ _ _ -
DownStream LOC_0s10g34930 Chr10: 18640397-18641937 secretory protein
e g RM211 UpStream  LOC_0s02g04540 Chr2: 2020969-2023488 retrotransposon protein
adgs jd &l sl InFrame
DownStream LOC_0s02904530 _ Chr2: 2011707-2018122 rust resistance-like protein RP1
RM6697*  UpStream  LOC_0Os07g03120 _ Chr7: 1194383-1195595 _
InFrame
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DownStream LOC_0s07g03110 OsFBX213 Chr7: 1183280-1185666  F-box domain containing protein
RM279 UpStream LOC_0s02g05850 _ Chr2: 2887328-2892037 transposon protein
InFrame  LOC_0s02g05840 VIL2 Chr2: 2876553-2882177 Vernalization-insensitive protein
DownStream LOC_0s02g05830 Chr2: 2874934-2876452 ribulose bisphosphate
carboxylase small chain
RM10772 UpStream LOC_0s019g21680 _ Chrl: 12163770-12164080 _
InFrame  LOC_0s01g21670 _ Chrl: 12157455-12161768 _
DownStream LOC_0s01g21660 _ Chrl: 12154685-12156630 _
Sy sles
RM19367 UpStream LOC_Os06g05200 Chré: 2335680-2336297  2nC finger C3HC4 type domain
- - containing protein expressed
InFrame _ — — -
DownStream LOC_0s06g05190 BRCA1 Chr6: 2329883-2334474 DNA-repair protein
RM488  UpStream  LOC_Os01g43370 CPUORF17 Chrl: 24808514-24813403 COMserved pept’:;‘:]‘zcur%?F'CO”m'”'”g
InFrame _ _ _ _
DownStream LOC_0s01g43360 _ Chrl: 24792133-24794372 myosin-le
25
RM3496* UpStream LOC_0s08g44230 _ Chr8: 27842259-27847633 zinc finger family protein
InFrame _ _ _ _
DownStream LOC_0s08g44220 _ Chr8: 27834547-27838106 ~ GLTP domain containing protein
ab >l RM10843  UpStream  LOC_0s01g24470 PHS1  Chrl: 13794686-13799906 Propyzamide hyper sensitive
InFrame _ — - -
DownStream LOC_Os01g24460 ~ Chrl: 13788467-13789890 histone-like transcription
factor and archaeal histone
RM19367 UpStream LOC_Os06g05200 Chré: 2335680-2336297  2n€ finger C3HC4 type domain

InFrame

containing protein expressed



DownStream LOC_0s06905190 BRCA1

Chr6: 2329883-2334474 DNA-repair protein
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