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Table 1. Principal component analysis for yield and drought tolerant indices in normal
and stress conditions
Indices PC1 PC2
Jlost Laly po ails o Slace 0.273 0.463
Grain Yield in normal (GYn)
ETd & ~‘
Sl o ails 2 Slee 0.350 20.014
Grain Yield in stress (GY's)
S22 elas 0.334 0.225
Mean productivity (MP)
$2304 geaid (Sl 0.343 0.149
Geometric mean productivity (GMP)
Sgayle 1 Sleo
Hyer® sele 0.348 0.088
Harmonic mean (HM)
. : u
Je2 © o -0.160 0.655
Tolerance index (TOL)
O R e 2 -0.306 0.356
Stress susceptibility index (SSI)
A 0342 0.146
Stress tolerance index (STI)
38kee ozl 0.350 0.014
Yield index (YI)
38kas (5l pasls 0.306 -0.356
Yield stability index (YSI)
0% (98
°79 22 8.139 1.826
Eigenvalues
O
o9 250 %81.39 %18.26
Variance (%)
o ol ey %8139 %99.65
Cumulative variance (%)
e Fs Corez 0 Sis @ Joow slo a3l ooisd (Siwen -V Joax
Table 2. Phenotypic correlation of drought tolerant indices in an F5 rice population
aL@ . L,J
= GYn  GYs MP GMP  HM TOL SSI STI Y1 YSI
Indices®
GYn 1 0777 093" 089" 085 020 038" 088" 077 038"
GYs 1 0.95 0.98 099 ~ -048 -0.88 0.97 o 0.88
MP 1 0.99 0.98 017 -0.69 0.99 0.95 0.69
GMP 1 0.99 027 -0.76 0.99 0.98 0.76
HM 1 -0.35 -0.81 0.99 0.99 0.81
TOL 1 0.82 -0.28 -0.48 -0.82
SSI 1 075" 088" 17
STI 1 0977 075"
Y1 1 0.88"
YSI 1

 Index abbreviations are shown in Table 1.

“and ": Significant at 5% and 1% probability levels, respectively.
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Figure 1. Biplot diagram of drought tolerant indices based on principal component
analysis.
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Figure 2. QTLs Identified for drought tolerant indices based on single and multiple trait in rice F5 population. QTLs without
underline and with underline showed QTLs of single and multiple trait methods, respectively
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Table 3. Single trait mapping of QTLs for drought tolerant indices in rice

o a, . b . . c .
oa>ls QTL £939995 SeBee 1 oh sl A obly we s
Index Chromosome  Position® Addetive effect®  Variance (%)°
G502 eSileo qMPI 1 264 2.69 .85 6

Mean productivity (MP)  gMP7 7 60.26 3 3.29 8.07
qMP11 11 35.33 4.13 3.68 9.89
a5 kit i Sile  gGMP7 7 6026 3.5 3.93 9.43
prgsﬁft‘fvtfg ?&eﬁ‘},) 4GMP11 1 3533 3.19 3.54 7.65
Segayls oSl asls  gHMI 1 1948 3.05 3.53 6.79
Harmonic mean (HM) qHM7 7 64.04 3.92 -4.52 11.13
qHM11 11 35.33 3.35 3.73 7.59
i s gSTII 1 1948 2.87 -0.11 6.37
Stress “’(lngaBC““ index o7z 7 6026  3.65 -0.14 10.26
qSTII 1 11 35.33 3.29 0.12 7.51

cp95909,5 shl 5l oad olulis QTL coadse
Wy 85 ol yl oains oLt St (55 lion 95 Wy P Sy aleg 4w Wy TS 03l Sl 310
Lol ol eSe a5, 5 0l cade PN o9 00
. . C
QTL ;o bawgi a2 BB (3538 by
Z Position of identified QTL from beginning of the chromosome.
Additive effect is the effect of substituting a Gharib allele by a Sepidroud allele. Positive values indicates that

Sepidroud has the positive allele; and the case of negative values is just the opposite.
¢ Variation explained by each putative QTL.

Tr S S @ Joxd slaatls sl LQTL ho wiz SLolSe —F Joor
Table 4. Multi-trait mapping of QTLs for drought tolerance indices in rice

els £93909,5 Poodye LOD Sl gbimeghe oubjlass oasLQTL
Index* Chromosome Position® A;df(;:gre Slglré g’;clant szﬁz‘?e QTLxIndex
GMP 1 19.48 3.19 -3.36 0.001 6.9 Yes
HM 1 19.48 3.19 -3.69 0.001 7.4 Yes
MP 1 19.48 3.19 -2.97 0.001 6.5 Yes
STI 1 19.48 3.19 -0.12 0.001 6.8 Yes
GMP 7 71.91 433 -3.44 0.002 6.9 Yes
HM 7 71.91 433 -3.92 0.001 7.4 Yes
MP 7 71.91 4.33 -2.84 0.004 6.5 Yes
STI 7 71.91 433 -0.12 0.001 6.8 Yes
GMP 11 39.33 2.82 3.20 0.002 6.9 Yes
HM 11 39.33 2.82 3.19 0.003 7.4 Yes
MP 11 39.33 2.82 3.08 0.001 6.5 Yes
STI 11 39.33 2.82 0.10 0.006 6.8 Yes

Aloads )l ) Jsas 0 loasls olul”
9532955 bl 5l ot Sloles QTL osbye”
Alg a5 el cpl oaims las cusie (35,1 bl oo 95 00 Wiy Jﬂ S alwg 4 o ,e allg Jﬂ S il Sl ealial 5l ¢
ol O S it o))l g 0,0 e Y ag)aﬁ.h;
QTL ;o bug 4z BB o398 ouiblg
* Index abbreviations are shown inTable 1.
Position of identified QTL from beginning of the chromosome.
¢ Additive effect is the effect of substituting a Gharib allele by a Sepidroud allele. Positive values indicates that

epidroud has the positive allele; and the case of negative values is just the opposite.
Variation explained by each putative QTL.
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Abstract

Rice improvement for drought tolerance requires reliable assessment of diversity and genetic
analysis of drought tolerance related indices in breeding populations. In this study, 150 Fs families
derived from a cross between Sepidroud (/ndica) and Gharib (Indica) varieties were evaluated to
multi-trait mapping of genomic regions controlling drought tolerance indices in normal and drought
stress conditions. Results of biplot analysis showed that stress tolerance index (STI), mean
productivity (MP), geometric mean productivity (GMP) and harmonic mean (HM) are suitable indices
to select the high-yielding genotypes in applied rice breeding programs. QTLs mapping for each index
using composite interval mapping identified three, three, two and three QTLs for HM, MP, GMP and
STI, respectively, but the joint-analysis data for investigate the genetic relationships between these
indices using the multi-trait mapping showed that there are significant genetic relationships between
studied indices, so none of these identified QTLs didn’t independently control an index and jointly
controlled multiple indices. Results from current study showed that the multi-trait joint analysis not
only identified additional QTLs, but also revealed the genetic relationship between different highly
correlated traits at the molecular level.
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