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Table 1. Principal component analysis for yield and drought tolerant indices in normal
and stress conditions

ol Jsl (gadd 50 £33 Sad 50
Indices PC1 PC2
Jlef Lald o adls o,8lae 0.273 0.463
Grain Yield in normal (GYn)
A5 Lilod o el o See 0.350 -0.014
Grain Yield in stress (GYs)
S50 OeSSbes 0.334 0.225
Mean productivity (MP)
290 (g Sl 0.343 0.149
Geometric mean productivity (GMP)
Syl oSl 0.348 0.088
Harmonic mean (HM)
Jood oozl -0.160 0.655
Toleranceindex (TOL)
S & el 2L -0.306 0.356
Stress susceptibility index (SSI)
S5 & Jos s 0.342 0.146
Stress tolerance index (STI)
Eon ats 0.350 -0.014
Yieldindex (YI)
28 )l el 0.306 -0.356
Yield stability index (Y SI)
259 olis 8.139 1.826
Eigenvalues
ol e, 9681.39 9618.26
Variance (%)
o9 o )lg a2 %B1.39 %99.65

Cumul ative variance (%)

BpFs conez o (Sis 4 Jord Gl et lh (o2isd (Sier ¥ 5o
Table 2. Phenctypic correlation of drought tolerant indicesin an Fs rice population

a oy
Lorls Gy GYs MP GMP HM TOL Ss| STI Yi YSl
Indices®
GYn 1 0777 093" 089" 085 0.20° -0.38" 0.88" 0.77" 0.38"
GYs 1 095" 098" 099" -048" -088" 0.97" 1 0.88"
MP 1 099" 098" -017 -0.69" 0.99” 0.95" 0.69"
GMP 1 099" -027" -0.76" 0.99” 0.98" 0.76"
HM 1 -035" -0.81" 0.99” 0.99” 0.81"
TOL 1 0.82" -028"  -048" -0.82"
Ss| 1 075"  -0.88" -1
STI 1 097" 0.75"
Yl 1 0.88™
YSsl 1

21ndex abbreviations are shown in Table 1.

“and™": Significant at 5% and 1% probability levels, respectively.

oot 41V Jgaz 50 lagasls olul @
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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 Fs 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 indicesin rice

oo QTL P93999,5 falsn LOD sl © ol ly o
Index Chromosome  Position® Addetive effect®  Variance (%)°
G304 ceSils gqMP1 1 22,64 2.69 -2.85 6
Mean productivity (MP) ~ gqMP7 7 60.26 3 -3.29 8.07
gVMP11 11 35.33 4.13 3.68 9.89
G eiid ke qGMP7 7 6026  3.25 -3.93 9.43
Geometric mean

productivity (GMP) qGMP11 11 35.33 3.19 354 7.65
Sgeyle Sl Ll gHM1 1 19.48 3.05 -3.53 6.79
Harmonic mean (HM) gHM7 7 64.04 3.92 -4.52 11.13
gHM11 11 35.33 3.35 3.73 7.59
G Jens gsSTi1 1 19.48 2.87 -0.11 6.37
Stress to('gT""I’;‘:e index o7 7 6026  3.65 -0.14 10.26
gSTI11 11 35.33 3.29 0.12 7.51

-psi305yS (Sl jleas slulis QTL Conbys ©
Wlg a5 el pl samms Glis Cute (33,1 bl oo 390 Wy BT S5 alewg & cané Wly JT S u3Sle i1 oaalzdl il
el ] S e 55 g 8500 cae YT os)q,g.:
N - QTL o b 4295 LB 328 oy
¢+ Position of jdentified gTL from beginning of the chromosome. . . o
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.

Ty o S 4 Jomv gloasls glpQTL shw wuz Lo —F Jsox
Table 4. Multi-trait mapping of QTLsfor drought tolerance indicesin rice

fasla £339095 Pecsise  LOD ‘bl 5 syl Culsans  aslQTL
Index* Chromosome Position® Agf?i't\ée Sglr;\f/gant Va(z;)a)rgce 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 7191 4.33 -3.44 0.002 6.9 Yes
HM 7 71.91 4.33 -3.92 0.001 7.4 Yes
MP 7 7191 4.33 -2.84 0.004 6.5 Yes
STI 7 7191 4.33 -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

a

loas 41V Jgaz 50 baasls ol
359055 il 5l oads lulis QTL Copxbge
Wy a5 sl ol oaims lid Cotte (i), bl ce 9g,0u Wy PTG dliwg 4 cayd Ay PTG o5l Sl auli8l 3 ¢
el Q] e e 3l 9 0l cude VUT oj)._\ﬂ..a
o Index abbreviations are shown inTable 1.
Paosition of identified gTL from beginning of the chromosome. . o
¢ Additive effect is the effect of substituting a Gharib a!IeIel;P/ a Sepidroud allele. Positive values indicates that
§ep|droud has the positive alele; and the case of negative values isjust 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
anaysis of drought tolerance related indices in breeding populations. In-this study, 150 Fs families
derived from a cross between Sepidroud (Indica) 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 anaysis 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 genotypesin 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.

Keywords: Drought tolerance indices, Multi-trait analysis, QTL, Rice
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