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Identification of QTL for Rice Starch RVA Profile Properties under Different
Ecological Sites
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Abstract: Two rice varieties with similar apparent amylose content, Nipponbare (japonica) and 9311 (indica), were used as par-
ents to establish a recombinant inbred line population consisting of 190 lines using single seed descent method. The genetic link-
age map was constructed with 202 SSR, CAPs, and STS markers. Quantitative trait loci (QTLs) were identified for eight rice
starch RVA profile properties including peak paste viscosity (PKV), hot paste viscosity (HPV), cool paste viscosity (CPV), break-
down viscosity (BDV), setback viscosity (SBV), consistence viscosity (CSV), peaktime (PeT), pasting temperature (PaT) by
composite interval mapping method in three different ecological sites (Lingshui, Hefei, and Huaiyuan). A total of 57 QTLs were
identified, with 1 to 14 for each trait, indicating that rice starch RVA profile properties were controlled by multiple genes. Thirteen
stable QTLs were detected at two or three sites, among which gCPV-3, gCPV-10b, ¢gSBV-10b, gCSV-3b, and qCSV-10b (explain-
ing, 26.9%, 29.5%, 29.7%, 25.2%, and 28.3% of variance) were detected in all the three sites. Sixteen QTLs were found to have
pleiotropy with a single QTL controlling 2—6 traits (RVA profile properties). The interval RM25032-RM1375 on chromosome 10
harbored QTLs for six traits (PKV, HPV, CPV, SBV, PaT, and CSV).
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Table 1 RVA profile value in multiple locations

Parents RIL RIL population
Nipponbare 9311 Average
Trait
Lingshui, Hefei, Huaiyuan, Lingshui, Hefei, Huaiyuan, Lingshui, Hefei, Huaiyuan, Range
Hainan Anhui Anhui Hainan Anhui Anhui Hainan Anhui Anhui

PKV  2619.0£326.0 2547.0+102.0  1415.0+5.0 3142.8+60.8 2782.3+90.2 1974.5+£34.5 3006.9+30.6 2521.2425.8  1949.7+17.7 953.0-3728.0

HPV  1560.5£223.5 1395.0+4.0 854.5+£33.5 2002.0+109.0 1491.3+42.1 1228.5+111.5 1712.1£25.1 1481.1+24.9  1271.3+16.4 624.0-2631.3
BDV 1058.5+102.5  1152.0+£106.0 560.5+28.5 1140.8+48.3 1291.0+£59.4 746.0+£77.0 1294.9425.5 1040.2+24.5 678.4+15.8 138.0-2177.5

CPV 3239343783  2645.0+£55.0 2459.0+85.0 3808.0+£94.0 2714.0£58.3 2691.0+143 3384.9+£52.9 2893.9+542  2905.0+29.7 1271.0-5667.3
SBV 620.3+52.3 98.0+157.0  1044.0+80.0 665.3+33.3 -68.3+x123.9  716.5£108.5 378.0+50.1 372.8+54.1 955.3+29.6 —1381.5-4054.5

PeT 6.0+0.1 6.3+0.1 6.2+0.1 6.0+0.1 6.240.1 6.2+0.1 6.0£0.1 6.3£0.1 6.3+0.1 5.5-6.8

PaT 87.0+0.2 76.5+£0.4 94.0+0.5 81.6+4.8 74.7+0.3 90.7+0.4 81.7+0.4 81.7+0.5 89.6+0.2 72.6-94.3
CSV 1678.8+154.8  1250.0+£51.0 1604.5+51.5 1806.0£15.0 1222.7+64.7 1462.5431.5 1672.8+31.4 1412.9434.0  1633.7+21.4 647.0-3036.0

PKV: peak paste viscosity; HPV: hot paste viscosity; BDV: breakdown viscosity; CPV: cool paste viscosity; SBV: setback viscosity; PeT: peaktime; PaT: pasting temperature; CSV: con-
sistence viscosity.
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Table 2 Correlation analysis of RVA profile value

Trait PKV HPV BDV CPV SBV PeT PaT CSV

Lingshui, Hainan

PKV 1.00
HPV 0.59™ 1.00
BDV 0.62" -0.27" 1.00
CPV 0.38" 0.92" -0.45" 1.00
SBV -0.21" 0.61" -0.85" 0.82" 1.00
PeT -0.01 0.55" —-0.54" 0.49" 0.52" 1.00
PaT —-0.36" -0.04 -0.39" 0.08 0.317 0.21" 1.00
Csv 0.16 0.75" —-0.54" 0.95" 0.90" 0.39" 0.18 1.00
Hefei, Anhui
PKV 1.00
HPV 0.53" 1.00
BDV 0.51" —0.46 1.00
CPV 0.24" 0.89" —-0.65" 1.00
SBV —-0.24" 0.64" -0.90" 0.89" 1.00
PeT 0.02 0.64™ -0.62" 0.65" 0.64™ 1.00
PaT -0.38" 0.10 -0.51" 031" 0.50" 0.17 1.00
Ccsv -0.01 0.69" -0.71" 0.94" 0.95" 0.57" 0.42" 1.00
Huaiyuan, Anhui
PKV 1.00
HPV 0.57" 1.00
BDV 0.53" -0.40" 1.00
CPV 0.30" 0.71"" -0.40" 1.00
SBV -0.29" 037 -0.71" 0.82" 1.00
PeT 0.23" 0.75" -0.52" 0.49"” 0.35" 1.00
PaT -0.41" -0.06 -0.39" 0.07 0.31° 0.16 1.00
CSV -0.02 0.22" -0.25" 0.84" 0.86" 0.10 0.15 1.00

PKV: peak paste viscosity; HPV: hot paste viscosity; BDV: breakdown viscosity; CPV: cool paste viscosity; SBV: setback viscosity;
PeT: peaktime; PaT: pasting temperature; CSV: consistence viscosity.

9.6%~29.7%, —628.7~629.9 , LOD 2.4~17.6,
5, 2, 9.7%~31.8%, —4.24~ —1.1
2 qSBV-8  qSBV-10b, qPaT-1 qPaTl-8 qPaT-9,
8 10 RM458-RM264 1 8 9 RM292-RM583 RM458—
RM25032-RM1375 RM264 RM7038-RM6051
9311, 27.8%  29.7% 9311, 31.5% 31.8% 30.7%
23.6 EAERTIE 4 QTL, 4 238 WAL 12 QTL, 6
,LOD 2.3~3.9, 7.3%~18.6%, , LOD 2.5~9.9,
—0.11~0.07 qPeT-10,  7.7%~28.3%, —430.87~469.9
10 RM25032-RM1375 qCSV-3a  qCSV-3b qCSV-8b
9311, 18.6% gqCSV-10a  qCSV-10b, 3 8

237 REEBE 6 QTL, 6 10 RM5478-RM1319 RM7396-RM6266
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Table 3 QTL analysis of RVA profile value

QTL Chr. Interval Site LOD Var-iation Additive Positive
explained (%) effect allele
Peak paste viscosity
gPKV-5 5 RM2246-RM5784 Lingshui, Hainan 2.7 10.6 -183.97 j
qPKV-8a 8 RM337-RM6925 Hefei, Anhui 2.9 13.1 -126.14 j
qPKV-8b 8 RM22934-RM6699 Hefei, Anhui 25 24.9 -302.79 j
gPKV-10 10 RM25032-RM1375 Lingshui, Hainan 26 20.1 260.13 i
qPKV-11 11 RM3133-RM552 Lingshui, Hainan 32 14.2 —232.46 j
Hot paste viscosity
gHPV-1 1 RM292-RM583 Huaiyuan, Anhui 43 20.2 154.65 i
qHPV-3 3 RM7396-RM6266 Huaiyuan, Anhui 35 20.9 203.08 i
qHPV-4 4 pull-1-RM3524 Hefei, Anhui 44 12.7 132.47 i
qHPV-6a 6 RM6917-RM276 Lingshui, Hainan 3.5 143 138.03 i
qHPV-6b 6 RM276-RM5531 Lingshui, Hainan 3.0 125 150.04 i
qHPV-8a 8 RM458-RM264 Lingshui, Hainan 2.6 16.7 224.86 i
Hefei, Anhui 2.3 22.8 287.83 i
qHPV-8b 8 RM22934-RM6699 Hefei, Anhui 45 23.4 —286.46 j
qHPV-10 10 RM25032-RM1375 Huaiyuan, Anhui 49 24.7 -182.19 j
qHPV-11a 11 RM167-RM3133 Lingshui, Hainan 2.8 9.4 —-137.76 j
qHPV-11b 11 RM3133-RM552 Lingshui, Hainan 2.9 10.2 —155.66 j
Breakdown viscosity
gBDV-12 12 RM20-RM19 Huaiyuan, Anhui 25 14.3 -87.38 j
Cool paste viscosity
qCPV-1 1 RM292-RM583 Huaiyuan, Anhui 25 18.8 262.67 i
qCPV-3 3 RM7396-RM6266 Lingshui, Hainan 5.2 24.7 713.57 i
Hefei, Anhui 32 26.9 692.36 i
Huaiyuan, Anhui 54 19.4 420.63 i
qCPV-4 4 pull-1-RM3524 Hefei, Anhui 3.4 10.3 259.44 i
qCPV-6a 6 RM6917-RM276 Lingshui, Hainan 32 13.9 283.64 i
qCPV-6b 6 RM276-RM5531 Lingshui, Hainan 35 17.0 370.87 i
qCPV-7a 7 RM6574-RM7153 Lingshui, Hainan 2.8 7.6 -199.92 j
qCPV-7b 7 RM7153-RM6018 Lingshui, Hainan 2.8 8.4 -211.28 j
qCPV-8a 8 RM5493-RM458 Lingshui, Hainan 38 23.4 724.06 i
gCPV-8b 8 RM458-RM264 Lingshui, Hainan 73 27.4 659.45 i
Hefei, Anhui 7.9 29.2 663.13 i
qCPV-10a 10 RM474-RM25032 Lingshui, Hainan 3.3 22.0 —703.65 j
Hefei, Anhui 3.8 28.7 —686.20 j
qCPV-10b 10 RM25032-RM1375 Lingshui, Hainan 8.4 27.4 —685.97 J
Hefei, Anhui 10.8 29.5 —665.41 j
Huaiyuan, Anhui 44 20.6 -362.09 j
qCPV-1la 11 RM6082-RM167 Lingshui, Hainan 2.7 8.1 -253.04 j
qCPV-11b 11 RM167-RM3133 Lingshui, Hainan 2.8 9.1 -280.43 j
qCPV-12 12 RM20-RM19 Lingshui, Hainan 2.4 9.8 268.23 i
Setback viscosity
qSBV-3 3 RM7396-RM6266 Lingshui, Hainan 2.3 21.5 615.76 i
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(8% 3)

Huaiyuan, Anhui 2.4 15.2 397.79 j
qSBV-8 8 RM458-RM264 Lingshui, Hainan 2.7 24.4 580.24 i

Hefei, Anhui 5.4 278 629.90 j
qSBV-10a 10 RM474-RM25032 Lingshui, Hainan 3.1 16.0 -551.53 j
gSBV-10b 10 RM25032-RM1375 Lingshui, Hainan 5.9 25.6 -579.87 j

Hefei, Anhui 9.9 29.7 —628.73 i

Huaiyuan, Anhui 2.4 13.6 -307.00 i
qSBV-11 11 RM6082-RM 167 Lingshui, Hainan 2.8 9.6 -255.12 j

Peak time
qPeT-1 1 RMS583-RM243 Huaiyuan, Anhui 2.5 7.3 0.04 j
qPeT-5 5 RM146-RM 1237 Lingshui, Hainan 3.9 12.4 0.07 ]
qPeT-6 6 RM469-Wx-1 Huaiyuan, Anhui 2.7 11.0 0.05 j
qPeT-10 10 RM25032-RM1375 Huaiyuan, Anhui 2.3 18.6 -0.11 i
Pasting temperature

qPaTl-1 1 RM292-RM583 Lingshui, Hainan 2.9 28.5 —4.11 i

Huaiyuan, Anhui 17.1 31.5 —4.23 i
gPaT-2 2 RM208-RM318 Huaiyuan, Anhui 26 11.6 -1.17 i
qPal-3 3 RM143-RM570 Huaiyuan, Anhui 2.4 9.7 -1.10 i
qPaTl-8 8 RM458-RM264 Huaiyuan, Anhui 17.6 31.8 —4.24 i
gPal-9 9 RM7038-RM6051 Huaiyuan, Anhui 11.4 30.7 —4.11 i
qPal-12 12 RM20-RM19 Lingshui, Hainan 2.7 12.8 -1.96 i

Consistence viscosity

qCSV-3a 3 RM5478-RM1319 Lingshui, Hainan 49 27.8 408.00 i
qCSV-3b 3 RM7396-RM6266 Lingshui, Hainan 5.8 25.2 440.93 i

Hefei, Anhui 3.8 21.8 448.12 j

Huaiyuan, Anhui 52 17.2 373.12 ]
qCSV-6a 6 RM6917-RM276 Lingshui, Hainan 2.7 14.5 171.85 i
qCSV-6b 6 RM276-RM5531 Lingshui, Hainan 3.3 16.4 242.53 i
qCSV-7a 7 RM6574-RM7153 Lingshui, Hainan 3.1 8.6 -125.14 j
qCSV-7b 7 RM7153-RM6018 Lingshui, Hainan 2.8 8.9 -128.71 j
qCSV-8a 8 RM5493-RM458 Lingshui, Hainan 5.0 23.7 440.88 i

Hefei, Anhui 2.8 19.8 469.90 j
qCSV-8b 8 RM458-RM264 Lingshui, Hainan 7.6 272 404.34 i

Hefei, Anhui 5.6 26.0 404.57 j
qCSV-10a 10 RM474-RM25032 Lingshui, Hainan 6.1 25.6 —430.87 j
qCSV-10b 10 RM25032-RM1375 Lingshui, Hainan 9.9 28.3 -411.18 j

Hefei, Anhui 8.4 272 —412.12 i

Huaiyuan, Anhui 43 17.0 -390.90 i
qCSV-1la 11 RM6082-RM 167 Lingshui, Hainan 2.7 8.0 -148.47 j
qCSV-11b 11 RM167-RM3133 Lingshui, Hainan 25 7.7 -150.08 j

D 9311;,
" Efficiency gene expressed from 9311 with 7; efficiency gene expressed from Nipponbare with ;.
RM458-RM264 RM474-RM25032 RM25032— 2 , 27.8%
RM1375 3  QTL 9311, 252% 27.2% 25.6% 28.3%
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Fig. 1 QTL localization on chromosome of RVA profile value
PKV: ; HPV: ; BDV: ; CPV: ; SBV: ; PeT: ; PaT: ; CSV:
PKV: peak paste viscosity; HPV: hot paste viscosity; BDV: breakdown viscosity; CPV: cool paste viscosity; SBV: setback viscosity;
PeT: peaktime; PaT: pasting temperature; CSV: consistence viscosity.

2.4 RVA QTL qHPV-8a, qCPV-8b qCPV-10a,
qSBV-3  qSBV-8,
3 QTL , 13 qPaT-1, qCSV-8a qCSV-8b,
QTL 2-~3 ( 4 2 , 22.8%
qCPV-3  qCPV-10b, qSBV-10b, 29.2% 28.7% 21.5% 27.8% 31.5% 23.7%
qCSV-3b qCSV-10b, 3 27.2%,
, 26.9% 29.5% 29.7% 3

25.2%  28.3%, ;
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R4 ZHREHE QTL
Table 4 QTLs detected by multiple frequency

2 3
Trait Detected in two sites Detected in three sites
HPV qHPV-8a
CPV qCPV-8b, qCPV-10a qCPV-3 qCPV-10b
SBV qSBV-3, gSBV-8 qSBV-10b
PaT qPaT-1
CSV qCSV-8a, qCSV-8b qCSV-3b qCSV-10b

PKV: peak paste viscosity; HPV: hot paste viscosity; BDV: breakdown viscosity; CPV: cool paste viscosity; SBV: setback viscosity;
PeT: peaktime; PaT: pasting temperature; CSV: consistence viscosity.

, 16 6 ; 8 RM458—-RM264
, 8 11 3 ,
7 10 2 , 1 3 5 ; 3 RM7396-RM6266
12 1 9
10 RM25032-RM1375 4 ,
®5 BBHZHIER QTL
Table 5 QTLs with pleiotropism
Chr. Pleiotropism locus Trait
1 RM292-RM583 s , HPV, CPV, PaT
3 RM7396-RM6266 s , R HPV, CPV, SBV, CSV
4 RS9-RM3524 s HPV, CPV
6 RM6917-RM276 s , HPV, CPV, CSV
RM276-RM5531 s , HPV, CPV, CSV
7 RM6574-RM7153 s CPV, CSV
RM7153-RM6018 R CPV, CSV
8 RM22934-RM6699 R PKV, HPV
RM5493-RM458 s CPV, CSV
RM458-RM264 s , s s HPV, CPV, SBV, PaT, CSV
10 RM474-RM25032 s s CPV, SBV, CSV
RM25032-RM1375 s s s s R PKV, HPV, CPV, SBV, PeT, CSV
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12 RM20-RM19 s s BDV, CPV, PaT

PKV: peak paste viscosity; HPV: hot paste viscosity; BDV: breakdown viscosity; CPV: cool paste viscosity; SBV: setback viscosity;
PeT: peaktime; PaT: pasting temperature; CSV: consistence viscosity.
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