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QTLs Mapping and Correlations between Leaf Water Potential and Yield per
Plant in Rice under Upland and Lowland Environments
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Abstract: To reveal the role and genetic mechanism of leaf water potential (LWP) under various water status to Japonica rice, 120
lines of a recombinant inbred line (RIL) population derived from a cross between IRAT109, an upland Japonica rice, and Yuefu, a
lowland Japonica rice, were employed to measure LWP at pre-dawn and mid-day, calculate index of drought resistance (IDR), and
make QTL mapping under upland and lowland. After maturity, the plant yields in upland and lowland were evaluated, and then the
IDR was calculated. Significative variations were observed for LWP in RIL, both under upland and lowland. The correlation analysis
indicated that there existed higher significance between LWP under upland at mid-day (WPu) and IDR, yield per plant (YPu). Water
potential variation in upland (WDu) was significantly negatively correlated with IDR and YPu. For LWP, six additive QTLs were
identified, of which there were 2 for WPiu, 1 for WPu, 2 for WDu, and 1 for WD], respectively. Five pairs of epistatic QTLs were
detected, among them three, one for each WPu, WPiu, and WPil, two for WP, respectively. Three additive QTLs and two pairs of
epistatic QTLs were detected for IDR. The broad-heredity of LWP was lower, therefore, it is available for molecular marker- assisted
selection (MAS).
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Tablel Leaf water potential value of parents and RILs
Parent RILs
Trait IRAT109 )
Yuefu Mean Range SD Skewness Kurtosis
WPu 1.491 1.364 1.547 1.275~ 1.820 1.753 0.139 0.223
WPiu 0.248 0.338 0.286 0.113~ 0.447 0.949 0.499 0.150
WPI 1.596 1.473 1.575 1.267~ 1.931 0.178 0.119 0.246
WPil 0.384 0.408 0.603 0322~ 1.012 2.211 0.675 0.456
YPu 4.300 29.558 13.421 1.589~34.696 7.162 0.664 0.248
YPI 20.075 23.174 18.818 6.381~36.945 5.933 0.460 1.549
IDR 0.214 1.275 0.728 0.016~4.988 0.433 0.844 0.619
WDu 1.243 0.991 1.262 0.768~1.756 0.193 0.017 0.424
WDI 1.212 1.065 0.972 0.223~1.610 0.260 0.280 0.388
WPu WPiu WPI WPil YPu YPI
IDR WDu WDI
WPu: leaf water potential at mid-day in upland; WPiu: leaf water potential at pre-dawn in upland; WPI: leaf water potential at mid-day in
lowland; WPil: leaf water potential at pre-dawn in lowland; YPu: yield of per plant in upland; YPI: yield of per plant in lowland; IDR: drought
resistance index; WDu: leaf water potential variation in upland; WDI: leaf water potential variation in lowland.
1.491, 1.596 IRAT109 1.364 1.473 0.248 0.338
IRAT109 0.338 0.408 Turner
[20] 1.547
( 0.286) ( 1.575)
( 0.603)
23.36% 14.36% 70%
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r= 0914 P=0.01
[21]

Liu
r=0.781 r= 0451

2
Table 2 Correlations of LWP with IDR and yield per plant

Trait IDR

WPu WPiu WPI WPil WDu WDI YPu
WPiu 0.004
WPI 0.122 0.049
WPil 0.07 0.045 0.106
IDR 0.259" 0.099 0.085 0.027

WDu 0.914" 0.408" 0.089 0.043 0.280"
WDI 0.027 0.003 0.599" 0.733" 0.080 0.026

YPu 0.256" 0.059 0.140 0.035 0.781" 0.260" 0.124

YPI 0.083 0.108 0.084 0.087 0.4517 0.129 0.013 0.049

* ok 0.05 0.01 1

>

* **  significant at 0.05 and 0.01 possibility levels, respectively. Abbreviations as in Table 1.

24 RIL
10 =1.482
10 =0.350
3
F=2120725 F=1541225 2
1.455 MPa
1.155 1.6180 MPa 1.346

3
Table 3 Comparison of LWP between drought-resistant lines and drought-sensitive lines

Means

Trait Higher IDR lines Lower IDR lines F
WPu 1.455 1.6180 21.207 25
WPiu 0.297 0.277 0.679
WPI 1.609 1.583 0.313
WPil 0.523 0.592 2.218
WDu 1.155 1.346 15.412
WDI 1.081 0.973 2.442

F 4.414 The threshold of F value was 4.414.
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Fig. 2 The value of LWP with higher and lower IDR lines distribution under lowland and upland at mid-day (right for upland; left for lowland)
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Table 4 Additive QTLs associated with LWP, yield per plant, and IDR

) QTL? . LOD AP HA®
Trait Interval Site

WPu wpué RM162-RM454 0.04 3.63 0.052 0.100

WPiu wpiul RMS529-RM1068 0.00 3.06 0.022 0.054

wpiu4 RM1136-RM273 0.04 4.26 0.027 0.079

WDu wdul2 RM1246-RM270 0.06 5.05 0.061 0.116

wdu6 RM162-RM454 0.08 3.45 0.067 0.095

WDI wdl4 RMS567-RM1272 0.30 3.86 0.052 0.047
YPu ypu2 RM525-RM263 0.30 4.11 1.7131 0.0619
ypué RM541-RM527 0.12 8.07 2.9660 0.1855
ypu9 RM316-RM219 0.04 3.44 1.6630 0.0583
YPI1 yplla RM1068-RM472 0.06 3.63 1.5392 0.0619
ypllb RM237-RM488 0.12 3.48 2.6601 0.1848

IDR 1dr2 RM525-RM263 0.22 7.33 0.167 0.144
1dr6 RM541-RM527 0.12 7.32 0.152 0.119

Idr12 RM1036-RM1261 0.10 3.37 0.091 0.042

* QTLs N QTL IRAT 109

c “HA”
* QTLs are denoted by trait abbreviations plus chromosomal number. ® “A” is the additive effect of a QTL. A positive value indicates that the IRAT
109 genotype has a positive effect on the trait. © “HA” is the contribution.
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Table 5 Epistatic QTLs associated with LWP, yield per plant, and IDR

LOD AA® HAA®
Trait Interval Site Interval Site
WPu RM539-RM276 0.22 RM190-RM589 0.02 3.41 0.042 0.0675
WPiu  RM493-RM1287 0.04 RM567-RM 1272 0.18 3.18 0.028 0.0809
WPI RMS580-RM572 0.02 RM91-RM491 0.20 4.76 0.039 0.0610
RM584-RM587 0.14 RM336-RM10 0.02 4.72 0.035 0.0484
WPil RM1255-RM482 0.00 RM171-RM 1108 0.04 5.37 0.064 0.0945
YPu RM432-RM346 0.02 RMI1109-RM515 0.00 4.11 1.7758 0.0665
YPI RM1287-RM312 0.00 RM349-RM1136 0.48 3.79 1.4012 0.0513
RM148-RM1221 0.00 RM1182-RM1248 0.00 2.92 1.1486 0.0345
RM161-RM430 0.06 RM202-RM229 0.38 4.11 1.8333 0.0878
IDR RM1068-RM472 0.08 RM267-RM405 0.02 3.21 0.0946 0.0461
RM1220-RM582 0.24 RM331-RM137 0.00 2.88 0.0868 0.0388
CAA” QTL b “HAA”
* “AA” is the effect of additive-by-additive interaction between two QTLs. A positive value indicates that the parental two-locus genotypes have a
positive effect on the trait and that the recombinants have negative effects. ® “HAA” is the contribution.
2.6.1 QTL QTL 10.01% IRAT109
2 QTLs 5.39%  7.87%
IRAT109 2 QTLs IRAT109
6 RM162~RM454 QTL
QTL
QTL 1 QTL
1 3 QTLs
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2 QTLs 6.19%
3 QTLs 4.21%~14.43%
QTL IRAT109 6 RM541~RM527
QTL 4
262 QTL 6.75%
1 QTL 8.09% 2
6.10%  4.84% 1 QTL
1 6.65% 3
5.13% 3.45% 8.78% 2 QTLs
4.61% 5
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Fig. 3 QTL for leaf water potentials under upland and lowland environments
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