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Extended abstract

Introduction

Rice is an important crop that is considered a staple meal for 2.7 billion people worldwide. Therefore,
the demand for it will increase with the increase of population. Environmental constraints always pose
a serious threat to crop production, including rice. Drought is one of the most important challenges that
limits the production of high-yielding cultivars in arid and rainfed areas. Global warming has also
become a factor in limiting rice production in rain-dependent areas. Therefore, researchers are looking
for a way to stabilize rice production in arid regions. In this study, informative markers related to the
desired agronomic traits were identified in 59 rice genotypes using microsatellite marking system.

Materials and methods

In order to evaluate the tolerance of rice genotypes to drought stress and to identify tolerant and
sensitive genotypes, 59 genotypes received from the National Rice Research Institute and the
International Rice Research Institute in a randomized complete block design with three replications in
two separate conditions, without Stress (flood) and drought stress were performed in a research farm
located in Aliabad Katoul city in 2013. In both conditions (normal and drought stress), the genotypes
were planted in five rows of 25 x 25 cm in rows one meter long. Thirty days after planting in the nursery,
healthy and strong seedlings were transferred to the main land. The required agronomic operations were
carried out equally during the growth and development period of the plants under stress and normal
conditions and only in terms of irrigation of the experimental field in both flood and stress
environments, until the tillering stage of the cultivars were equally flooded. Then, to create stress,
irrigation was done from 40 days after transplanting (maximum tillering stage) to the end of the growing
season at 25-day intervals. Phenotypic values of grain yield and 1000-grain weight were measured under
two conditions according to standard guidelines for evaluation of traits in rice. In order to investigate
the relationship between agronomic traits and microsatellite markers with 59 rice genotypes out of 36
microsatellite molecular markers were performed in the Plant Breeding and Genetics Laboratory of
Gonbad Kavous University, Faculty of Agriculture and Natural Resources. Young leaves of 21-day-old
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seedlings were extracted in four-leaf stage using CTAB method. Touchdown PCR reaction was studied
and evaluated randomly using 36 microsatellite primers for 3 markers from each chromosome. To
separate PCR products, 6% polyacrylamide gel electrophoresis was used and to reveal the banding
pattern, silver nitrate staining method was used. The content of polymorphic information was
calculated. The relationship between molecular data and traits of studied rice genotypes was
investigated using multiple regression. Thus, each quantitative trait was considered as a dependent
variable and microsatellite markers were considered as independent variables.

Results and discussion

The average content of polymorphic corrections (PIC) was estimated to be 0.58, which showed RM 5647
with 0.81 the highest and RM 6022 with 0.32 the lowest polymorphism (PIC). The results of stepwise
regression analysis showed that a total of 90 markers for normal conditions and 69 markers for drought
stress conditions for morphological traits were identified. Under normal conditions, the number of
spikes and the number of days to flowering with 9 markers and under drought stress, the weight of the
cluster with 9 markers showed the most positive markers. The most explanation for variation in normal
conditions is related to the total number of grains (0.83) by gene loci RM6324-E, RM5652-E, RM5761-
D, RM6179-F, RM549-B, RM462-B, RM7420-D Explained. In drought stress conditions, the most
explanation for variation related to panicle weight (0.70) by gene loci RM519-D, RM7545-A, RM6179-
E, RM7118-G, RM3525-B, RM5761-B, RM38-C, RM7091-A, RM5647-B explained.

Conclusion

The results showed that some markers are associated with more than one trait, which indicates that
these traits are very closely related to each other or may be influenced by multi-effect genes. To
understand this, it is necessary to develop transgressive generations and linkage.
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Tablel. Genotypes studied under flooding and low irrigation conditions
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Markers Forward Primer Reverse Primer
RM462 CCGCGAATCCATTCAGACTGC TCTAGGAGGAGATGGCGGAGTAGC
RM3148 GCTTTGGTATTTGCAGGTTCACG CTATTGCTCGAACACTTTGCTTCTCC
RM6324 CTGTACAAGAACGGCAGCAACC GCACCACCAAACAGAGACAGAGG

RM6230 ATGCATGCAAGCGAATTTCACC GCCGTTCTTCTGATGACGATGG
RM3294 CTCGTCTCCTCATGCATATCAGC TGCCTCGCTCTTGTCTTTACTCC
RM5780 TGCCACAGAGTAGCATCAAACG ACTAGCTGCTGCATCTTCTACTGC
RM132 CTTTCTCTCGCCTACGCCTTCC TCGACGAGGTTGATCAGTAGGG
RM523 TGAATTCTTGCACATGGTCAGC TGGGAGGTTTGCTAGGGTAATCC
RM5761 AAGATTACCCGGGATTGTAGTGG AGTCTAGTCGTCCTCTTCACATGG
RM&213 TGTTGGGTGGGTAAAGTAGATGC CCCAGTGATACAAAGATGAGTTGG
RM3658 GTAGCACTCCGCTGCTTCGTCTCC AATCCCACCCGCCTCATCTCC
RM5424 TAAAGGTGTCCGACAAGAACACG GATCGATCTGGAGGATTGAAAGG
RM3419 TGCTGCTATTCCTCAAGACAAACC CTTGGTGAAACAGTGCTCTCTGG
RM7118 CACGCGTAGCTAAGCATCAAGC GATCAAAGATGCGTGTACGTTGG
RM5140 GGCACTCGTATTTCTCAACTTCTCC GGGTGTATCAGGAGTACAGGTTGC
RM7420 CACAAAGCAAGCACCCAGAAGG TCATGGCGTGAAGGAAGGAAGG
RM6773 GCTGCTCCACCTTCACCTTCC CGATGGTGTGTTGTTTGGTTGC
RMS549 ATCCCTGAACCCAAATTCTGTCG CTCTTTGATCTTCCGGTGATTTCG
RM427 TTGAGCTGATGAGAGTTGGTTGC CTGTCACTAGCTCTGCCCTGACC
RMS5711 GGACGGAAGGAATACGTCTGTAGG CTGTCCATGCATCCATCTCTAGC
RM3583 ACCATGAGGTCCACTTGATACGC GCCATGTCATCATCTGATCTCTTTCC
RM8005 CATTCCCAGCGTGGATATTCG CTTTGTCCATCTCGCCGTACTCC
RM38 ACGAGCTCTCGATCAGCCTAGC CACTCCATGGAAGAGGCAAGC
RMS5647 GTTCCATCCAGACATTGTAGAAGC TAAACTTGGTCGTGGACAGTGC
RM&206 AATCCACCTGGCCCTAATCTTCC CACTGCTGCTTCCTTCCTTCTGC
RM7038 GATTAGAGCTTTGGTGGTTCTTGG ACTTGTGGTCGGTCTGGTAGTCC
RM5652 CGCGTAGCTAAGCATCAA TCAAAGATGCGTGTACGTT

RM474 TACACGAGGGAGTACTCGAATGG CATGGAGGTATAGAAGAGCATTGG
RM6179 GCGCCGCCGAGATGATAAGC AGCGGCATCTCGTCCATCTCC
RM7545 GTTTCCATATCCGTGCTATTCG CACGATTCCTACAATACGAGAGC
RM441 AAGGGAGTAGCCTCTCCATCTCC GTGCTGACTCCTCTCCCTGTCC
RM3625 TGCAATTTCATCCACCCATCTCG ACGAGTGCACGCTGTCATTGG
RM7091 GCTGCAGATAGATGTGGATGGTATGG AGATGCCATGTGGCGGTTTAGG
RMS512 TGCAGTGAATGGAGACCACTAGC CGGTGAGTCCCATATCTTCAACC
RM6022 ATCAATCGCTCATCGAATCACG TCGACCTGGACTCCATTACTCG
RMS519 AATTTCCGCGAAATCAGCATCC TCATCTGGACAGTCGAGGTACGC

4 Polymorphism Information Content
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Table 3. Polymorphic information content (PIC) for SSR markers

PIC b, SLes PIC b SLis PIC Loyl PIC b Sl
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0.62 RM474 0.70 RM427 0.39 RMS8213 0.37 RM462
0.64 RM6179 0.51 RM5711 0.67 RM3658 0.52 RM3148
0.38 RM7545 0.56 RM3583 0.58 RM5424 0.63 RM6324
0.60 RM441 0.53 RMS8005 0.75 RM3419 0.60 RM6230
0.67 RM3625 0.62 RM38 0.72 RM7118 0.58 RM3294
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Table 4. The number of linked informative markers associated with traits under normal conditions and the percentage

of changes explained by these markers.

TS TS
SOLES Sl Sl olaws
©le Number of R?max! R2T# olie Number of Rmax' R2T#
Traits marker % % Traits marker % Y%
Panicle length Plant weight
. 4 23.5 433 . 2 10.8 18
Al Job 9 0)9
Branches number Flag leaf area
. . 4 9.9 335 P 1 9.2 9.2
4z dlgs olax 2 p S p ol
Unfilled grain number Fertility
Sos & . 2 15.8 23.8 5 15.1 53.1
9 40 o 3T
Panicle exertion Filled Grain number
abed oyt Jsb 2 10.3 17.2 gy il olass 2 134 25.1
Flag leaf length Weight of filled grain
c 4 14.5 44.1 . n o 4 11.7 40.2
rn S e deb abgs y 4l ojs
Flag leaf width 5 105 188 Yield per hectare s 102 532
PR S PE ‘ ‘ HLSB 50 3, Slas : :
Number of grain per panicle Days to flowering
. . . 7 24.6 83.4 T . 9 19.5 69.5
ahgs 5 &l olaxi B abgS U 39, olaws
Plant height Days to maturity
Gy £l | 2 8.7 16.8 Sy U 39, olusd 5 17.9 51
Number of panicle Grain filling period
o s . 9 12.8 67.8 . . 4 15.5 39.7
adgs Slus &l ol 0,908
Straw weight Harvest index
5 8 12.1 57.9 5y (- 4 13.1 342
oL 439 Sl y uame
Panicle weight
e 11.2 322
awg> 039
§ T: Number of informative markers it 2T sla Silis slaws T 8
¥ R?max: Highest of coefficient of determination (%) (3033) SoLis S & gy pe pesd oy (i R2max f
+R2T: Total coefficient of determination for informative markers (%) (0o 39) e 2T la KLas s b ggame RITH

L (Badirdast et al., 2021) ;)|,5en 5 Cand pol .o bl 21 Glp e coye Olme oS
SaS 5 g By blih 0wy ey ey Gob i Sl (pl Sl (oS i ez esimslis
2 Al (sl LS gazme ;3 (el iyl 2Bl ye baome jin b il 5 ead lelis G5 slagiSe
on bl 0 g ae )0 YY o JIAA 5l s a0y Lyl yls Db oo Slao (ol Ol 59, (S BT 4 Cad)
O sl 10 09 ke do 3 YO/ B AR/ 5l 50 Sas 4325 (Ebrahimi et al., 2011) ,Ken § comnl ]
(13A) o S 1 Jsb b 51,0 IPBS2224-6 T 25 o 1, olsablegs, ,Sles Ve b el5 Slas VY LL3)|
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355 4 1) medeays ouder CIAY) baddg: S azmals |, Sl slaws o eS UKol Jsb g 5 olaws
b (So39058)90 i 31tz 5 BB e iols (olatsl o &) bogyye i ST (0 RS g pdon (et
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Table S. The number of linked informative markers associated with traits under low irrigation conditions and the

percentage of changes explained by these markers.

TS TS
SLLS olasy SSLLS olas
wlio Number of R?max’ R2T? wlio Number of RZmax’ R2TH
Traits marker % %  Traits marker % %
Panicle length Plant weight
. 2 18.1 25.9 . . 5 24.7 49.6
adgs Job G2 (539
Branches number Flag leaf area
an Abgs olows 3 12.2 27.6 o290 5 3 e lano 1 7.8 7.8
Unfilled grain number Fertility
o 4l ol 3 7.1 20.8 283 3 16.2 35.8
Panicle exertion Filled Grain number
i . 1 11.9 11.9 o . . 3 13.1 33.6
abe> g9y Job abgs y aild Olus
Flag leaf length Weight of filled grain
- 5 12 41.7 P . . 2 11.8 19.9
r2 R Sedeb adg y 4o o9
Flag leaf width 5 87 169 Yield per hectare 6 166 S0
R Sp e ' ' S 0 8 Slas : :
Number of grain per panicle Days to flowering
W . . 4 18.9 45 e e . 8 18.3 67.7
Adgs IS Ails oluss PO ags U jgy olass
Plant height Days to maturity
g glis | 2 8.5 16.6 Sy U 39, ol 7 19.2 62.6
Number of panicle Grain filling period
by olas 3 17.1 533 15 3o 5y 059 3 16.5 31.6
Straw weight Harvest index
. 6 253 57.8 o (e 7 12.4 57.8
ol 439 Sl sl
Panicle weight
W e 16.7 70.7
awe> )9

§ T: Number of informative markers
f R?max: Highest of coefficient of determination (%)

#RT: Total coefficient of determination for informative markers (%)

h cde aiz pljes Ao5F j ojls plalS solia
oz bls,l (Tuberosa et al., 2002) s5lo oo 5y oS!
Wiz g oS Sl Coale S ol o S L Silis
ibss sl 9 9e Slae (S
Jboy Llyd o bls)l a5l Jol> ls aaxrgl,
3 a0 ki RMST61-B o5 156 a5 0i ascie
CNY) abgs 0 p asls olaws 9 (+ITY) adigs Job &l s
Ao, (g iy RMS780-B o5 )56 .asles oo auzgi |,

e BT sla Siles olaws T8
(30,0) NLis G 4y bogy o e Gy (i R’max f
(o) LHusu u,_mb{\ G, Slis s 0 Egoime R2T*

Cdo ay by Jlo Il )0 OlpesS azr s (o s

&5 slpe lawg (AY) abgs S wls slaw
RM549-B RM5761-D RMS5652-E RM6324-E
1 .08 s RM6179-F g RM7420-D RM462-B
Cuo 4y bgypo Slyd 42gh (n s )l o5 Ll
RMT7545-A 55 Gl Ke lawgs (1Y) alg> ()39
RKRM3525-B RM519-D RM7118-G RM6179-E
RM5647-B 3 RM7091-A RM38-C RMS5761-B

5 6ok Cunl S i gl Sl Slolis od s
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Table 6. Results of associated analysis using forward regression for morphological traits and molecular data in different
rice genotypes under normal conditions

TR o _ 0 RZ
LS Slaws AT ola Sl (Canend

Ol No . X
Informative marker

O
Termination ;oS0

Traits Markers Adjusted R? coeff P-value
Panicle length
o 4 RM5761-B, RM6324-E, RM7038-B, RM3658-E, 0.433 0.472 0.000
adgs Job
Branches number
. . . 4 RM3294-D, RM441-D, RM3658-G, RM7420-D 0.335 0.381 0.000
Az dlgs olass
Unfilled grain number
S 4ils ol 2 RM441-D, RM5424-B 0.238 0.264 0.000
Panicle exertion
. . 2 RM7118-C, RM8206-D 0.172 0.200 0.002
adgs zoy> Job
Flag leaf length 4 RM3294-C, RM8206-B, RM549-E, RM6230-C, 0.441 0.489 0.000
DU JU S RM5140-A : : :
Flag leaf width
< . 2 RM7091-E, RM549-E 0.188 0.216 0.001
PR SR P
Grains per panicle ; RM6324-E, RM5652-E, RM5761-D, RM6179-F, 0.834 0.854 0.000
abgs JS ailo olaes RM549-B, RM462-B, RM7420-D : . :
Plant height
o e 2 RM5711-C, RM7420-C 0.168 0.196 0.002
ag gl
Number of panicle RM3658-B, RM5652-B, RM7420-D, RM512-F,
s Slas 9 RM5780-E, RM427-D, RM6230-A, RM549-C, 0.678 0.828 0.000
¥ RM3148-D
Straw weight g RM523-A, RM3658-G, RM5652-H, RM6324-A, 0.579 0.637 0.000
olS 539 RM7118-F, RM5780-A, RM512-C, RM6324-D : : :
Panicle weight
. e 4 RM3419-A, RM5780-G, RM5647-D, RM474-E 0.322 0.369 0.000
awe> (339
Plant weight
. . 2 RM523-E, RM6324-D 0.180 0.208 0.001
Ser 5 (9
Flag leaf area
2 5 3 ool 1 RM6230-C 0.092 0.108 0.011
Fertility RM5711-C, RM519-D, RM441-D, RM5780-E
ook 5 RM2647.F 0.531 0.571 0.000
Filled grain number
dgs 0 4l ol 2 RM5761-B, RM462-B 0.251 0.277 0.000
Weight of filled grain
s o adls 4 RM5780-B, RM512-E, RM441-C, RM512-D 0.402 0.443 0.000
Awgs> 3 Q10 459
Yield per hectare 5 RMS512-E, RM5780-B, RM441-C, RM512-B, 0.432 0.481 0.000
HLS 50 8 ,Slos RMS512-F ’ : :
Days to flowering RM6773-C, RM7545-A, RM5647-F, RM512-D,
b5 G ten olas 9 RM6179-A, RM132-A, RM5780-B, RM5761-F, 0.695 0.743 0.000
GBS A>T jg) Sl RM441-D
Days to maturity s RMS5711-C, RM3294-B, RM5652-H, RM5780-D, 0510 0.552 0.000
Sy G 39, Olass RM549-E : : :
Grain filling period
. . 4 RM3625-C, RM5140-B, RM441-A, RM6324-D 0.397 0.438 0.000
&l ol 0,90
Harvest index
4 RM7091-B, RM3658-D, RM519-B, RM132-E 0.342 0.387 0.000
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Table 7. Results of associated analysis using forward regression for morphological traits and molecular data in different
rice genotypes under low irrigation conditions

oy W‘ R?
Silas B B [ X W) R (o o o gl
olie  No o (2T gl 0L Adjusted Termination )% &=
Traits Markers Informative marker R? coeff. P-value
Panicle length
o . 2 RMS5761-B, RM7038-B 0.259 0.285 0.000
adgs Job
Branches number
P . 3 RM3294-D, RM441-D,RM7420-D 0.276 0.314 0.000
4 albgs dlows
Unfilled grain number
‘55'& &1 olass 3 RM441-B, RM5652-B, RM3525-B 0.208 0.205 0.001
Panicle exertion
o . 1 RM7118-C 0.119 0.134 0.005
algs 795 Job
Flag leaf length
- 5 RM3294-C, RM6230-B, RM6230-C, RM8206-B, RM549-E 0.417 0.468 0.000
2 SeJsb
Flag leaf width
= . 2 RM7545-A, RM6324-D 0.169 0.198 0.002
PR SR PE
Grains per panicle
PR . . 4 RMS5761-C, RM519-D, RM5761-B, RM5424-C 0.450 0.489 0.000
abgs JS Ails oluws
Plant height
. 2 RMS5711-C, RM7420-C 0.166 0.195 0.003
G el
Number of panicle
o . 3 RMS523-E, RM132-A, RM427-E 0.353 0.387 0.000
abgs dlas
Straw weight
oS o338 6 RMS519-D, RM3658-D, RM7118-F, RM3525-B, RM5780-B 0.578 0.622 0.000
53}
Panicle weight 9  RMS519-D,RM7545-A, RM6179-E, RM7118-G, RM3525-B, ) 0.753 0.000
Algs> &9 RMS5761-B, RM38-C, RM7091-A, RM5647-B : : :
Plant weight
. . 5 RM519-D, RM3658-D, RM3525-B, RM6324-E, RM5652-H 0.496 0.540 0.000
Ae S 09
Flag leaf area
o J;-} coluwo 1 RMS5711-C 0.078 0.094 0.019
Fertility
b 3 RM549-E, RM6230-C, RM519-D 0.358 0.392 0.000
S9N
Filled grain number
o . . 3 RM6230-C, RM519-D, RM5761-B 0.336 0.371 0.000
Adgs g &ild dlus
Weight of filled grain
. 1o - 2 RM3294-B, RM5761-B 0.199 0.277 0.001
awgs g1 A1 ()9
Yield per hectare ¢  RMB005-C, RM3658-F, RM3625-E, RM6230-D, RMS19-D, 5/, 0555 0.000
S 43 0,5 Lo RM5761-B ' ' '
Days to flowering g  RM6773-C,RM7545-A, RM3525-B, RM512-D, RMI32-A, () 0723 0.000
L) algs> G 39) oy RM3583-E, RM441-D, RM5780-B . : :
Days to maturity ;  RMI32-A, RM7545-A, RM5780-D, RM5647-H, RM8005- 0.627 0.673 0,000
Sy U 39 ol D, RM7420-A, RM549-E : : :
Grain filling period
. 3 RMS5140-B, RM441-C, RM5780-D 0.316 0.352 0.000
Ald cyad 0590
Harvest index ;5 RM7118-G,RM6179-E, RM7118-D, RM5652-G, RMI32-B, . 0.626 0.000
Q..i}b).g U»L.z RM7091-E, RM462-A . : :

&5 o kel o5 Luls o wleie azgi 1) ((NY) g o poails dlawy g (VYY) il 59 Ol
(YOIY) oS 39 Slpuss 5l ooy (o s RMS519-D Oyt RMSTIT-C 535 e caslod oo auzgs |, (<11 +)
3oy ails olass o (VEIV) agy JS 059 «(VFIY) dlis> )39 S,y B3, olaws o (MY) gy glas | Ol sy 3l as o
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