uﬁ} @l&: >3 GJQ:EAAO%.:A..IS

Environmental Stresses in Crop Sciences

1728 Ol ) P lazr 0 lols (S jaww Mo
- 1YYI-1YA.
y/_.-@;

http://dx.doi.org/10.22077/escs.2020.2344.1607

5,5.& o O e g Svaxals 4o l.:sc,.gggl:.o e.\;.;rJ,z;r G‘w’ Sy QLo

T S slnade ygy xoME ol ol F 6y gm0 e Sy o POy S Aot
09995 0S oRils sy pole 0aSLiils ( Jese g (ol ol Gilo seiils )
0993l 0SBl pwaige (B il pgle cuSiisls pwliiiiunj0g 85
09935 S ozl ¢ apds ailin 5 (55,9l pole ouSails JLasls Y

ooslSF SRS« rebs ailie 5 (55,5LES psle sasiils Lokl F

AMYNE 2o o G, QYNYIYE icdl )0 go b

v

Sa9b 4 Joot & ity Sgay ol (3 Sl dmungi 50 0 Cadguzs G (59 § ol (8135 LS (2 Pt 3l K2 B
W 3 Jol> F8 (¥ A8 ()  jaliioay gy (ol -onwl g 9l gi (gLooli p1 50 oten sl Alamnn S ((Si§ 531 g 1 50
999l S ol (53 gL 0uSTiNS 53 (59 T &1 ()9 T &1 (wluns) 13 185 9 (559 T &1 pglie) oyl (ool o8 5
SS5La3 18 9 SSR 5L Yo 5l oolisowl b F8 5,8 A5 5 it (oSiwamy 4idii .o plonil Kiigygyoud & g0ty IFAY Jlu 5o
31 o yg0 L VO/TF jalore HKILES 95 (s alold (uSileo .01 icdios 1y g o535 3 35 y30 o5lw VFI/Y aS o s ISSR
WS A2 gF |y o (o 98 Ol i 1 o )0 AN Cenmilyl 45w (U0, Y p33909,5 59y QTL O (594 4 Joxxi 42 y0 gl
QTL (s sy sl 31 51050 YIVAR b 1l LOD (glls a5 ws g Lulih ¥ 93509, (595 (I3 50 Sy sl oo (sl
Al 2LV 95809, 695 P e S B (ylime gl 05 Az g ) Gl (o 938 Wl 3l 00y VYIF 9090 FIOVE L il
G 3 FIFYA g YIVYA b pl n LOD g Sial381 51 610 e 5 4 9 8,5 dugi | Cudor (i 933 il g 31 oy 18/Y aS
L plp oT LOD oS as (2b5, 8 pojenssS 59y QTL o Judg ls olimo (6l -wiod oo el (ialj3) el pylb (olal Wiy
31 o 1y oab bl GLQTL (lgf oo ()l 090 Y 5 /Y pmmd oy 9 (I3 51 6118 e 3 4 QTL (91 592 ¥/+¥

0905 o8l LIS S & il (el 2 (g1 o0ud o)y lho 51 35 (Lo 935 slis! (sl

QTL gy« Jod ciwlis « Sowgmy dindi i gunls sloojly

392 ‘)-‘-”" 9 0 slotug ol ol jo zoy cutS

Shs o 50 Gl s olpl o 1y olS cnl csS (S
5850 05 ol o i oS 585 b ol ools 18
DuNing ) 55 o 55,5 g 48l e 55 o S oS
S g Sysd M5 4 Jess Gl (et al, 2007
Soly (el slaps Gkl Jete slaan s
S s pgmie odi| ;0 108 35S alde gl golail
S GhalS 4 mie (5,58 (i (Haq et al., 2008)

doddio

Sy g o) geanSoguze Jelse (n Snte 3l 5)9d A8
Oryza sativa ) gy ded o0 g (£ly; OYgams
shié g ool ploz 5o (2l JlalS oo e 5l (S (L
Bao ) a8 o (el | plez p2ye 31 i 0 lken Y51 i
Aoy A sgas &S cwl Jb o ol et al, 2019
Ansari) aies 5,58 50 Cov egih > slalls

(etal., 2001

eisa_jorjani@yahoo.com m : S5y xSl Gy . Sl (cmne 1555uly 005,15



WA ey VY ol el psle o aume sla i

\YYY

35 8 poi909)5 69, S SR QTL S L7 50 .F Y
Sgel

slcdalie Gl (o) (ipgh (nl el 5l Boa

9 Sogo oS Lalpd o Ggn g atwlad (Ju8g IS (b

] W ES P WCT R PR A IR A R EEN IO JCVON- B

SLQTL Slulid imen 5 ()95 @ pylie slacasss)

T azels o bodgle pl Gl JuS L b e

g, g olge
el Y A7 ol gy ;0 eoliiuls ge (LS Slge
4 plex) I pB)l ptdn Jus o5 5g slacn¥ Conex
39 (Sopd B 4 pglie) pilbocelal 5 ()98 s
5O Gyes S Ay Jeod oy sl a5 (Sabouri, 2008)
dr b ok SLalS’ Ssb )b B o 5 slazalS el o
olZisls (55,9laS oasiisls pwliiolS ofiglejl yo IS5
S S ydes Dyged WWAY Jlo 3 eggliuss

LRV
Sligios (Mollir dnnmge Jorllygiws (ulol  cotS
L clgig Olaws 3l oolazwl b «(Gregorio, 1997) &,
Ssiead 5 y) A Seidly g,k g YARTYXV/YO ol
Aoy 90 mdwedy Sene boyedy laml ol plxil ool
a0 VO slos 1o 55, 5l Do a5 Was 5 Jsasad
o8 ot wle) SP Ve Jue a, 361 s ol 5l
s o0jailsx sladu i loals> (WEISS TECHNIK
dadgy Jolowo (sol> (Stdly Bgyb 218 @y oty )
oSl T oS 35T 40 alogs o (sl s i ol JUii
Voo Sagb, 9 VAUTY ol g 55, loo b (olidiolS
(S, celw A g olidy, celo VF) (b ;55 g 200
PH 5 08 (aigs5 59, cdn 2 88 Joloe aiald 03l 13
NaOH 3 HCl alowgas 5 J,S b 4w (glatin Jslno
65 S Ly A ALENS 4S5 ol OO (59, Loy S
azals 05 Jlosl lagdisy Jolowe 4y NaCl (35581 L
Joe o EC ofiws alewgas ¢y, ¥V S 4 o]
et § fie g kat s F i o (WWTLF92)
2 oo VW (S Sl Colae So 5 59, Ve 4
J9)lS oliws b daSy L39S e a3 )13 e
) axs b s Sejil (SPDD Minoltas02) s e

axyd e 5 (205l Y STy «gy00 i Jles!

3550 $nrsy mil Colled 5 Jds IS lymome cprigid
Fw SaS 4y w508 LS S (Singh et al., 2007)
Gk 3L g 093 sladsle o Jolowe Slge oliee (21531
a Camd (2S1y 50 dasle 53 Sezse Ol Gliee a8
ol Sy Jsbos 5 )5 bz O Jeily alS
Al iyt Jahor el g asls als 1 La oL
@ Gl Cumlis g Sl By pre (ol ol 4y a2
Shannon et al., ) aiS o poss «Sod cdale s b o]
axlas L (Kumar et al., 2007) l,Ken 5 ,LesS (1987
()3 i o aS ol La SGun ] i e Jesdl puSe
Gl Jd9 1S 0555, e g olS w) ¢ Sl oo
loded ST 9 Gdon gobaw Sl wiS o luy
e B
5 ST ok Che S ogysh 4 Jed
@ Jooui j0 &5 (LS slannl B i Sl (Sojels s
Loy £55 9 0391 (o5 B)lg5 Sl e woe (5,50
Wt e e Ialid b cow g aimsge ol
5 duie L3l LQTL LS (Koyama et al., 2001)
O Py Ao )3 (AL LI IBa Sl (o LB
" et G5 4 Jood b b e Slie (S5 el
olao b s, sleRabiei et al., 2014). QTL) o4
B sy 090 Blidee Dlalllas )3 i 55 (5,50 4 Jo2
«Bao etal., 2003) ;| Kan 5 5L jiog3 j0 Cowl a18,5
el Y VY ol oS g ¥ 0l Comer S
S5 Lo, (o) sl Bosanls 9 Kol g (U
Jazsder b oolinal aalts &S slayell ke
becdo YV 6l W) 5 0 A slapsises S 59, QTL
ol by cdo o 6l QTL Jlaz «iShae § S o Jolos
Jgime &5 oy jloses 09,5 50 (alalid 4y yoie mllis
gt S 2,5 wiis wwlii b g e sla Sy 45
QTL 4. (Thomson et al., 2010) Koo 5 yguncls
2o b 9TV slapgions S (59) Jdg S slyiona sl
s 4 a5 08 olSe YA 5 Y)Y DAY L Ll LOD
) 158 Sho (gt (bly Sl deys YO 5 1T L7
Sayed et al., ) ;) Sen 5 aw gl ;o ablel dzgs
Sl 505 S usSe) ab i (IS S 5IUT 2012
09 e 0aiiS S (S lapasilSe (50,5 b
i plonil (Sid 25 lpd SS9 50 S (Soyeh g
SpsisesyS 3y olan slyoe sl QTL Slaz Ul



\YVY G55 A5 Cod gy sazalS o e gilio 0uisS J S o5 oy bl i), Kan 5 ol

alis olhe 9 (Bates et al, 1973) Jsn
» 3, (Thayumanavan and Sadasivam, 1984)

Al (5 S ol Y

Glae (Gregorio, 1997) g, bl 5 (5,55 4 Jooo
Orizeed b (el LSS Y 0 Y e ln (V) gae
Olze «(Malik and Singh, 1980) Js' 8 ol lao

.(Gregorio, 1997) 5,9 bl o duiah (guiuasS o) Jgu

Table 1. How to encode genotypes on salinity (Gregorio, 1997).

Reaction Damage Score
oS el e
Highly tolerant Normal growth, no leaf symptoms
Jozio sl JENPRNTI O CRV-JRN
Tolerant Nearly normal growth, but leaf tips or few leaves whitish and rolled
Jozxio Wilous alg! 3 chins S 33 31 oo Sz 3 o chns S 3 Sgi e Jloyi Ll adsy
Moderately Tolerant Growth severely retarded, most leaves rolled, only a few are elongating
resay l.».w Nl st 0> 31 iy byl 1 golass g suud algd S s 31 (5 ybunns codliblniie uit 5
Susceptible Complete cessation of growth, most leaves dry, some plants dying
R Wilod yo SBLS 31 5ol 3 b Sy 5 6yl oo ddsy |
Highly Susceptible Almost all plants dead or dying
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Table 2. Sequence of studied primers in this research

SSR
Sl £93909,5 edimo (g oo g
Primer Chromosome Forward Sequence Reverse Sequence
RM111 6 CACAACCTTTGAGCACCGGGTC ACGCCTGCAGCTTGATCACCGG
RM144 11 TGCCCTGGCGCAAATTTGATCC GCTAGAGGAGATCAGATGGTAGTGCATG
RM143 3 GTCCCGAACCCTAGCCCGAGGG AGAGGCCCTCCACATGGCGACC
RM194 5 GCCCTGCTTCTTGCCCACCACC TCCAGGGAGGGCAAGGCTGAGC
RM205 9 CTGGTTCTGTATGGGAGCAG CTGGCCCTTCACGTTTCAGTG
RM216 10 GCATGGCCGATGGTAAAG TGTATAAAACCACACGGCCA
RM236 2 GCGCTGGTGGAAAATGAG GGCATCCCTCTTTGATTCCTC
RM248 7 TCCTTGTGAAATCTGGTCCC GTAGCCTAGCATGGTGCATG
RM252 4 TTCGCTGACGTGATAGGTTG ATGACTTGATCCCGAGAACG
RM280 4 ACACGATCCACTTTGCGC TGTGTCTTGAGCAGCCAGG
RM281 8 ACCAAGCATCCAGTGACCAG GTTCTTCATACAGTCCACATG
RM300 2 GCTTAAGGACTTCTGCGAACC CAACAGCGATCCACATCATC
RM301 2 TTACTCTTTGTGTGTGTGTGAG CTACGACACGTCATAGATGACC
RM331 5 GAACCAGAGGACAAAAATGC CATCATACATTTGCAGCCAG
RM39 5 GCCTCTCTCGTCTCCTTCCT AATTCAAACTGCGGTGGC
RM434 9 GCCTCATCCCTCTAACCCTC CAAGAAAGATCAGTGCGTGG
RM490 1 ATCTGCACACTGCAAACACC AGCAAGCAGTGCTTTCAGAG
RM500 7 GAGCTTGCCAGAGTGGAAAG GTTACACCGAGAGCCAGCTC
RM504 3 TCTATAATGTAGCCCCCCCC TTTCAGGGGCTTCTACCAAC
RMS537 4 CCGTCCCTCTCTCTCCTTTC ACAGGGAAACCATCCTCCTC
RMS538 5 GGTCGTTGAAGCTTACCAGC ACAAGCTCTCAAAACTCGCC
RM594 1 GCCACCAGTAAAAGCAATAC TTGATCTGCTAGTGAGACCC
RMS597 6 CCTGATGCACAACTGCGTAC TCAGAGAGAGAGAGAGAGAGAGAG
RMS83 12 ACTCGATGACAAGTTGAGG CACCTAGACACGATCGAG
RM165 1 CCGAACGCCTAGAAGCGCGTCC CGGCGAGGTTTGCTAATGGCGG
RM181 11 ACGGGAGCTTCTCCGACAGCGC TATGCTTTTGCCGTGTGCCGCG
RM298 7 CTGATCACTGGATCGATCATG CATGCCAAGATGCAACAG
RM294A 1 TTGGCCTAGTGCCTCCAATC GAGGGTACAACTTAGGACGCA
ISSR
i Sy
Primer Sequence
ISSR -1 cagcagcagcagcag
ISSR -2 gaatgaatgaatgaat
ISSR -3 cctacctacctaccta
ISSR -4 ctctetctetctetett
ISSR -5 ccaccaccaccacca
ISSR -6 atgatgatgatgatg
ISSR -7 caacaacaacaacaa
ISSR -8 ctctetetetctetcta
ISSR -9 actgactgactgactg
ISSR -10 Gtgtgtgtgtgtce
LOTL bolo iy o)y Jol> slaosls whil Cgsf uess 51 on

L. .Ia.u).o Slaw 6‘).3 o0l QS’L‘U&Q 6L®QTL A Jj» B
UAB}A c‘,a.b O sé\:JUaAo)yo Corez 4O 6)5,“: L J.o?u
Als o592 ib)ly s LOD ipgj509,5 55 LQTL
dod (T 09 uaJl.’> J.:JQ a Ll 00l 451)‘ G‘“‘P‘
it codle s 5 aliEl 1 6l LQTL oyl
Ls)LM.\L.M: QTL )L@‘.> (PO Cao B ‘_g|).> (Egono )

(MapManager QTX 17 (Manly and Olson, 1999
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Table 3. Program thermal touch down for amplification of SSR and ISSR markers

SSR
S gy e
Temp:z: ;:re ©) Time (S) Number of rounds

Stage al>y» SSR  ISSR  SSR  ISSR  SSR  ISSR
Initial denaturation  aJgl (g lwaids ywlg 94 95 240 5 1 1
denaturation &)l yulg 94 95 45 4
Annealing ST Jlail 65 - 45 45 10 10
Extension Skl 72 72 60 45
denaturation Sl ywlg 94 95 45 45
Annealing S55LT Jlait 55 - 45 45' 26 25
Extension 55Tt 72 72 25 45
Final Extension W o 72 72 300 5 1 1

(G g bl 50 oy 23590 Slbo il Hlg 452 F Jaue

Table 4. Analysis of the variance of the studied traits in salt stress conditions

s ©la o (reSileo
e ae o 31 MS
Sources change Sl G & Joxi az yo o awlis ooy Jdg s
df Salt tolerance score Phenol Starch Proline Chlorophyll content
o 95 9.65™ 18.97™ 2072.62™ 789.38" 0.16™
Treatment
oyl glas
oREIS 192 0.63 0.0009 7.07 46.5 0.02
Error
[ ciatatet 1522 0.72 121 413 33.07
C.V%

*, ** Probability levels at 0.05 and 0.01, respectively
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oy ) 90 Jliol mhaw jo og lo dxe cud a4y kg

oS o olulis 5,8 4 Jazd 4z 0 gl QTL <o
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il Cillas pol> sy azs b (1995

F oroises,S 9, » QTL o carulis ol ly
RMS37- 5l alols ,o QTL oyl b loles
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Table 4- QTLs identified under salt stress conditions of the in seedling stage the Fs population derived from AHM x

NAD.
| - R s e O
o #yglme gL, SL pgigeg S Additive &%+ Direction of
Trait QTL Flanking markers* Chr. LOD effect R? ph
Sapbademians g s RMS00-ISSRS-6 7 2.038 0.16 93 AHM
Salt tolerance score
“wlld STR4  RMS37-ISSRS-3 4 2799 6576 126 NAD
starch
S qPHO-7 RM248-ISSR5-4 7 3.438 2.728 15.2 AHM
Phenol
Jo sl cgiAs ISSRI-3-ISSR2-1 5 2.02 0.097 9.2 AHM
Chlorophyll content

*Markers lined up are closer to the respective QTL
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Figure 1- Genetic linkage maps QTLs identified under salt stress conditions of the in seedling stage the Fs population

derived from AHM x NAD

@l 05V ¥V lapgions S 59, QTL S o @
boplr o @ 35 sbole cnl sl LOD gl ad
caslss QPHO-7 51 Y/+Y 5 Y/FYA Y/VAQ Y/ YA
s oS azgi |y jSde Cio (ouieid £ai 5l a0 VOIY
a1 &Y pgiens,S (55, RM248 Silas a5 ans o yLis
S o J Slyiore Lo b dwgy KLis lgieay wilgs oo
oolazwld jge (0155 4 sladel p o Silis S8 a4 ol
g g (Shwgm pae s 4 )KL ple S8
6ol gladali o colanul cobl (ol s e b

Al Sl SeS 4y ol

sl S A
Map Manager QTX l33ls 5 5l oolail b Siwsgu asds
Jsb a5 45 ISSR Sl 10  SSR Siles ¥+ 5 17
OB 590 (Bl YVEVVY ( oljoS aols (ol 5o o ool aiis
Bl VOIFY alre sla Sl G alold bawgie
S o glakols oL g, L QTL 4350 040 o5 550
Cho gl QTL oz ololid el gy
il (8 slyme w5t 4 Jo 4z 9) Sufgln et
axyo Slao 5l Sy lp ad (3,5 Slyioe 5 e
g b5 slgiome g Jub i slgiome o508 4 Joos



WA ey VY ol el psle o aume sla i

\YYA

An,Z.W., Xie, L.L., Cheng, H., Zhou, Y., Zhang,
Q., He, X.G., 2009. A silver staining procedure
for nucleic acids in polyacrylamide gels
without fixation and pretreatment. Analytical
Biochemistry. 391, 77-79.

Ansari, R., Shereen, A., Flowers, T.J., Yeo, A.R.,
2001. Identification rice lines for improved salt
tolerance from a mapping population. In: Peng,
S., Hardy, B. (eds.), Rice Research for Food
Security and Poverty Alleviation. Proceeding
of the International Rice Research Conference,
31 March- 3 April 2000, Los Banos,
Philippines. pp: 285-291.

Bao, J.S. Corke, H. Ping, H., Li-Huang, Z., 2003.
Analysis of QTL for starch properties of rice
based on an RIL population. Acta Botanica
Sinica. 45(8), 986-994.

Bao, Y., Huang, L., Li, Y., Wang, M., Liang, Z.,
2019. How different Nitrogen application rates
affect yield composition and Nitrogen uptake
of rice (Oryza sativa L.) in saline-sodic paddy
field. Polish Journal Environmental Studies.
28, 553-564.

Bates, L. S., Waldren, S. P., Teare, 1. D., 1973.
Rapid determination of free proline for water—
stress studies. Plants and Soil. 39, 205-207.

DuNing, X., Lix, Y., Song, D., Yang, G., 2007.
Temporal and spatial dynamical simulation of
groundwater characteristics in Minqin Oasis.
Science China Ser D-Earth Science. 2, 261-
273.

Feng, Y. Cao, L.Y. Wu, W.M. Shen, X.H. Zhan,
X.D. Zhai, R.R. Wang, R.C. Chen, D.B.,
Cheng, S.H., 2010. Mapping QTLs for
nitrogen-deficiency tolerance at seedling stage
in rice (Oryza sativa L.). Plant Breeding. 129,
652-656.

Fukuda, A., Terao, T., 2015. QTLs for shoot and
chlorophyll content of rice seedling grown
under low-temperature conditions, using a
cross between Indica and Japonica cultivars.
Plant Production Science. 18, 128-136.

Gregorio, G.B., 1997. Tagging salinity tolerance
genes in rice using Amplified Fragment Length
Polymorphism (AFLP). PhD thesis. University
of Philippines, Los Banos.

Haq, T. U., Akhtar, J., Gorham, J., Khalid, M.,
2008. Genetic mapping of QTLs, controlling
shoot fresh and dry weight under salt stress in

XL
rice cross between CO39xMoroberekan.
Pakistan Journal of Botanical. 40, 2369-2381.

Kosambi, D.D., 1944. The estimation of map
distances from recombination values. Annuals
of Eugene. 12, 172-175.

Koyama, M. L., Levesley, A., Koebner, R. M. D.,
Flowers, T. J., Yeo, A. R., 2001. Quantitative
trait loci for component physiological traits
determining salt tolerance in rice. Plant
Physiology. 125, 406-422.

Kumar, V., Shiram, V., Jawali, N., Shitole, M. G.,
2007. Differential response of indica rice
genotypes to NaCl stress in relation to
physiological and biochemical parameters.
Archives of Agronomy and Soil Science. 48,
339-344.

Lee, S.Y., Ahn, JH., Cha, Y.S., Yun, D.W,, Lee,
M.C., Ko, J.C., Lee, K.S. Eun, M.Y., 2007.
Mapping QTLs related to salinity tolerance of
rice at the young seedling stage. Plant
Breeding. 126, 43-46.

Malik, C.P., Singh, M. B., 1980. Plant
Enzymology and Histoenzymology. Kalyani
Publishers. New Dehli. 286p.

Manly, K.F., Olson, J.M., 1999. Overview of
QTL mapping software and introduction to
Map Manager QT. Mammalian Genome. 10,
327-334.

McCouch, S. R., Cho, Y. G., Yano, M., Paul. E.,
Blinstrub, M., 1997. Report on QTL
nomenclature. Rice Genetic Newsletter. 14, 11-
13.

Nelson, J.C., 1997. QGENE: software for
marker-based genomic analysis and breeding.
Molecular Breeding. 3, 239-245.

Rabiei, B., Mardani, K.H, Sabouri, H., Sabouri,
A., 2014. The effect of rice chromosome 1 on
traits associated with drought and salinity
tolerance at germination and seedling stages.
Seed and Plant Improve Journal. 30, 1-16. [In
Persian with English Summary].

Sabouri, H., 2008. Evaluation of genetic variety
of Iranian rice germplasma plants for tolerance
to salinity and location of related QTL. PhD.
thesis. Isfahan University of Technology,
Isfahan, Iran. [In Persian with English
Summary].

Sabouri, H., Sabouri, A., 2008. New evidence of
QTLs attributed to salinity tolerance in rice.



\Yva G55 A5 Cod gy sazalS o e gilio 0uisS J S o5 oy bl i), Kan 5 ol

African Journal of Biotechnology 7, 4376-
4383.

Saghi Maroof, M.A., Biyaoshev, R.M., Yang, G.
P., Zhang, Q., Allard, R.W., 1994. Extra
ordinarily polymorphic microsatellites DNA in
barley species diversity, chromosomal location,
and population dynamics. Proceedings of the
National Academy of Sciences, USA. 91,
4566-5570.

Sayed, M.A., Schumann, H., Pillen, K., Naz,
A.A., Leon, J., 2012. AB-QTL analysis reveals
new alleles associated to proline accumulation
and leaf wilting under drought stress conditions
in barley. BMC Genetics 13, 61-72.

Shahid-Masood, M., Seiji, Y., Shinwari, Z.K.
Anwar, R., 2004. Mapping quantitative trait
loci for salt tolerance in rice using RFLP.
Pakistan Journal of Botany. 36(4), 825-834.

Shannon, M.C., Gronwald, J.W., TAL, M., 1987.
Effect of salinity on growth and accumulation
of organic and inorganic ions in cultivated and
wild tomato species. Journal of American
Horticulture Science. 112, 516-523.

Singh, M.P., Singh, D.K., Rai, M., 2007.
Assessment of growth, physiological and
biochemical parameters and activities of

antioxidant enzymes in salinity tolerant and
sensitive basmati rice varieties. Journal of
Agronomy and Crop Science. 193, 398-412.

Thayumanavan, B., Sadasivam, S., 1984.
Physicohemical basis for the preferential uses
of certain rice varieties Plant Foods Human
Nutrition. 34, 235-259.

Thomson, M.J., Ocampo, M.D., Egdane, J.,
Rahman, M.A., Sajise, A.G., Adorada, D.L.,
Tumimbang-Raiz, E., Blumwald, E., Seraj,
Z.1., Singh, R K., Gregorio, G.B., Ismail, A.M.,
2010. Characterizing the saltol QTL for salinity
tolerance in rice. Rice. 3, 148-160.

Zang, J., Sun, Y., Wang, Y., Yang, J., Li, F.,
Zhou, Y., Zhu, L., Reys, J., Fotokian, M., Xu,
J., Li, Z.,2008. Dissection of genetic overlap of
salt tolerance QTL at the seedling and tillering
stage using backcross lines in rice. Science in
China Series. 51, 583-591.

Zhang, G.Y., Gua, Y., Lin, C.s., Chen, S.Y.,
1995. RFLP tagging of a salt tolerance gene in
rice. Plant Science. 110, 227-234.

Jiang, Y., Huang, B. 2001. Drought and heat
stress injury to two cool-season turfgrass in

relation to antioxidant metabolism and lipid
peroxidation. Crop Science. 41, 463-442.



Ls'ﬁ} @j.c >3 (5.]9_.3;.4@@..&.33

A Environmental Stresses In Crop Sciences
Vol. 13, No. 4, pp. 1271-1280
< Winter 2021
University of Birjand http://dx.doi.org/10.22077/escs.2020.2344.1607
Original article

Detection of quantitative genes controlling of metabolic in rice seedling under
salinity stress

F. Hosseinirad', E. Jorjani?*, H. Sabouri’, E. Gholamalipour Alamdari*

1. Former MSc student of Cell and Molecular Biology, College of Biology Gonbad Kaous University, Iran
2. Department of Biology, College of Science, Gonbad Kavous University, Iran

3. Associate Prof. College of Agriculture Science and Natural Resource, Gonbad Kaous University, Iran
4. Assistant Prof. College of Agriculture Science and Natural Resource, Gonbad Kaous University, Iran

Received 15 March 2019; Accepted 6 May 2019

Abstract

Rice is one of the most important cereal and salinity is a major limitation in the development of rice
cultivation. Genetically improving salt tolerance of rice is a highly important objective of rice breeding
programs. This study was conducted to evaluate 96 lines F8 derived from Ahlemi Tarom (salt-tolerant)
and Neda (salt-sensitive) to salinity stress in hydroponic in the Faculty of Agriculture, Gonbad Kavous
University in 2015. Genetic linkage maps were prepared using 30 SSR markers and 15 ISSR markers
covering 1411.3 cM from the rice genome. The average distance between two adjacent markers was
15.34 cM. For genotyping code, a QTL was detected on chromosome 7, justified 9.3% of phenotypic
changes in the trait. For starch content, a gene locus was identified on chromosome 4, which had a LOD
of 2.799. The additive effect of this QTL was 6.756 and justified, 12.6% of the phenotypic changes in
this trait. For the phenol content, a gene location was detected on chromosome 7, which explained 15.2%
of the phenotypic variance of the trait, and had LOD and additive effect of 2.728 and 3.4338,
respectively. The alleles of the parents of Ahlemi-Tarom increased phenol content. One QTL was
detected on chromosome 5, with an LOD of 2.2 for chlorophyll content. This QTL had additive effect
and R? of 0.097 and 9.2, respectively. The results of this study can identify the better genotypes in term
of studied traits for marker selection programs.
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