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Abstract Rice (Oryza sativa L.) chalkiness is the most important limiting factor for currently improving rice quality
in China. Studying rice chalky formation mechanism and hereditary character will be helpful for increasing the
efficiency of the improvement of chalky quality in breeding. A Guanglu'ai No.4/Jiafuzhan recombinant inbred line
(GJ RIL) was developed and its genetic map was constructed previously by our research group. In this study, the
genetic analysis of rice chalkiness was carried out basing on the chalky phenotyping data of GJ RIL from a total of
6 growth seasons of two different locations, Shanghang county and Longhai city, in two consecutive years. Then
the QTL mapping, epistasis and environmental effects of chalkiness were studied by using these phenotying data
and the genetic map. The genetic analysis indicated that percentage of grains with chalkiness (PGWC) and degree
of endosperm chalkiness (DEC) showed skewness distribution, suggesting that chalkiness trait was affected by both
major and minor genes together. In QTL mapping, three PGWC QTLs, ¢PGW 2, gPGW C4 and ¢PGW C5, were
detected, which explained 2.84%, 3.74% and 14.09% of the genetic variation, respectively. Three DEC QTLs,
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gDECI, ¢gDEC4 and ¢DEC5, were mapped, which explained 2.96%, 4.88% and 7.79% of the genetic variation,
respectively. In QTL epistasis analysis, 7 and 5 pairs of epistasis QTLs for PGWC and DEC were identified
respectively, and their contribution rates ranged from 0.23% to 3.55%. The RM307~RM518 interval harbored the
PGWC and DEC QTLs, which were involved in epistatic interaction of PGWC and DEC respectively. The
RM598~RM5140 interval also harbored the PGWC and DEC QTLs, which also participated in epistatic
interaction of DEC. Environmental effect analysis showed the three DEC QTLs (¢DECI, ¢DEC4 and ¢DECS)
and a pair of epistatic QTLs between ¢DECI0 and ‘qDEC9 all exhibited significant or very closely significant
interaction effects under the environmental conditions in early season at Longhai city of Fujian province in 2010.

Keywords Rice (Oryza sativa L.), Chalkiness, Quantitative trait loci, Epistasis analysis
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Table 1 Rice chalkiness of parents in different growing sites
GLA4 JFZ
Time & site (%) (%) (%) (%)
PGWC (%) DEC (%) PGWC (%) DEC (%)

2010.07 SH 96.0 344 0.0 0.0
2010.11 SH 100.0 28.8 0.0 0.0
2011.07 SH 100.0 51.8 1.0 0.3
2011.11SH 99.0 46.7 2.0 0.4
2010.07 LH 100.0 52.0 19.0 4.6
2011.07 LH 100.0 36.0 1.0 0.1

:07: ; 11: ; SH: s LH:

Note: 07: Early season; 11: Late season county; SH: Shanghang

city; LH: Longhai city

100%

JFZ 2010

1.1.2GJRIL

7.18%~23.72% (  2).
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34.38%~60.04%
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Table 2 Phenotyping of rice chalkiness in GJ RIL

1.2 QTL
QTL
3 QTLs. QTLs
RM266~RM48 4
5 RM598~RM5140
2.84%.3.74%

RM307~RM518

1409% ( 3 2.

QTLs RM472~
RM529 4 RM307~RM518
5 RM598~RM5140

4.88%.2.96% 7.79% ( 3; 2). 6
QTLs 4 4 RM307~
RM518 5 RM598~RM5140

QTLs.
1.3 QTL
QTL qPGWCI-1

‘qPGW C8.qPGW C1-2
“qPGWC11."gPGW C2-2

“qPGW C9.qPGW C2-1
“qPGWC11.:gPGW C3-1

‘qPGWC4.qPGW(C3-2  qPGWC4  qPGW(C3-3
‘qPGW C4 QTLs
1.78%.3.03%.1.73%.1.77%.3.15% .3.55%  0.23%
( 4 3 ‘qDECI-1  ‘qDEC4.
gDECI-2  “qDECI2."qDECI-3  ‘qDEC9.qDEC4
gDECS5 ‘qDECI0 ‘qDEC9
QTLs 2.01%.2.62%.3.19%.1.18%

325%( 4, 3).
RM307~RM518

QTLs ¢PCW(C4

Trait Time & site Mean Kurtosis Skewness Min. Max. Number
(%) 2010.07 SH 34.38+2.77 -1.0 0.6 0.0 98.0 140
PGWC (%) 2010.11 SH 38.04+2.63 -1.2 0.5 0.0 100.0 162
2011.07 SH 46.41+2.87 -15 0.2 1.0 100.0 145
2011.11 SH 35.59+2.60 -1.1 0.6 0.0 100.0 166
2010.07 LH 56.47+2.75 -15 -0.2 1.0 100.0 167
2011.07 LH 60.04+2.88 -14 -0.4 0.0 100.0 156
(%) 2010.07 SH 8.12+0.84 1.3 14 0.0 415 140
DEC (%) 2010.11 SH 8.19+0.72 2.1 15 0.0 44.6 162
2011.07 SH 13.57+1.10 1.0 1.2 0.2 61.8 145
2011.11 SH 7.18+0.64 0.8 1.3 0.0 35.4 166
2010.07 LH 23.72+1.64 -0.4 0.8 0.1 75.6 167
2011.07 LH 23.08+1.51 -0.7 0.6 0.1 68.9 156
:07: ; 11: ; SH: ; LH:

Note: 07: Early season; 11: Late season; SH: Shanghang county; LH:

Longhai city
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Figure 1 Distribution curve of rice chalkiness in GJ RIL
Note: A: Distribution of PGWC; B: Distribution of DEC
3GJRIL QTLs
Table 3 QTLs for rice chalkiness in GJ RIL
QTLs (%) p-Value
Trait Interval A H? 4 (%)
qPGW C2 RM266~RM48 4.15 2.84 0.000 0™
PGWC qPGW C4 RM307~RM518 12.14 3.74 0.000 0™
qPGWC5 RM598~RM5140 13.47 14.09 0.000 0™
gDECI RM472~RM529 3.72 4.88 0.000 0™
DEC gDEC4 RM307~RM518 3.02 2.96 0.000 0™
gqDEC5 RM598~RM5140 4.66 7.79 0.000 0™
- QTL “q+ + ”(McCouch et al., 1997); **: P x A s Howy:

Note: Name of QTL, “g+name of trait+number of chromosome™; **: Very significant level; *: Significant level; A: Additive effect; H»:

The heritability of additive effect

4 GJRIL QTL
Table 4 Epistasis QTLs for rice chalkiness in GJ RIL
QTLi i QTLj j (%) p-Value
Trait Interval i Interval j AA Han (%)
‘qPGWCI-1 RM428~RM86 qPGW CS8 RM506~RM337 6.39 1.78 0.000 0™
PGWC qPGWCI-2 RM128~RM297 ‘qPGWC9 RM444~RM316 4.87 3.03 0.000 0™
‘qPGWC2-1 RM423~RM492 ‘qPGWCI1 RM209~RM229 -3.69 1.73 0.001 3™
‘qPGW(C2-2 RM322~RM438 ‘qPGWCI1 RM209~RM229 -4.46 1.77 0.000 0™
‘qPGW(C3-1 RM504~RM532 ‘qPGWC4 RM119~RM471 7.82 3.15 0.000 0™
‘qPGW(C3-2 RM426~RM503 qPGWC4 RM307~RM518 -5.88 3.55 0.000 0™
‘qPGWC3-3 RMb5475~RM468 ‘qPGW C4 RM119~RM471 -4.05 0.23 0.000 0™
‘qDECI-1 RM578~RM35 ‘qDEC4 RM471~RM401 3.94 2.01 0.000 0™
DEC ‘qDECI-2 RM581~RM23 ‘qDECI2 RM511~RM117 4.13 2.62 0.000 0™
‘qDECI-3 RM212~RM486 ‘qDEC9 RM444~RM316 2.46 3.19 0.000 0™
gDEC4 RM307~RM518 gDECS RM598~RM5140 2.16 1.18 0.000 0™
‘qDECI10 RM271~RM311 ‘qDEC9 RM444~RM316 2.46 3.25 0.000 0™
:QTL “e”: QTL; ““ QTLs; AA: s Hipy:

Note: “e+Name of QTL": Epistasis QTL; “-number”: There are more than one QTLs for the same trait on one chromosome; AA: Ad-
ditive by additive effects; H%s: The heritability of additive by additive effect
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Figure 2 QTL of rice chalkiness in GJ RIL
Note: French grey: QTLs for PGWC; Black bold: QTLs for DEC
gDEC4 5 QTLs  2010.07 LH
RM598~RM5140 QTL ¢DECS Table 5 Environmental effects between DEC QTLs and the 2010.07
o ‘qPGWC4 (RM119~RM-  LH environment
471) .«qPGWCI11 (RM209~RM229)  <¢DECY9 (RM-  QTLs (%)  p-Value
444~RM316) 2 QTLs Interval AES Haes) (%)
RM444~RM316 QTL gDECI RMA472~RM529  2.70 0.87 0.001 4™
. gDEC4 RM307~RM518  2.65 0.79 0.004 4~
gDEC5 RM598~RM5140 1.64 0.57 0.046 1
14 QTL
B e ; AES: 5 Ho e,
6 QTL
3 QTLs(¢DECI, Note: **: Very significant level; *: Significant level, AE5: Addi-
qDEC4  qDECS) 5 2010 tive by environment interaction effect; H?: The heritability of
(2010.07 LH) additive by environment interaction effects

0.87%.0.79% 057% ( 5) ,
‘4DECIO  ‘qDEC9 QTLs 5

1.33% ( 6). QTL QTLs 6
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Figure 3 Epistasis QTLs of rice chalkiness traits in GJ RIL

Note: French grey: QTLs or epistasis QTLs for PGWC; Black bold: QTLs for DEC; Dash line: Interaction between the two QTLs

6 QTLs 2010.07 LH
Table 6 Environmental effect between DEC eQTLs and the 2010.07 LH environment
QTLIi i QTLj j (%) p-Value
Interval i Interval j AAE5 Hanes) (%)
‘qDECI-1 RM578~RM35 ‘qDEC4 RM471~RM401 1.70 0.33 0.1105
‘qDECI1-2 RM581~RM23 ‘qDECI2 RM511~RM117 1.57 0.28 0.2433
‘qDECI1-3 RM212~RM486 ‘qDEC9 RM444~RM316 1.10 0.37 0.168 0
gDEC4 RM307~RM518 gDECS RM598~RM5140 0.00 0.04 0.9970
‘qDECI0 RM271~RM311 ‘qDECY RM444~RM316 2.64 1.33 0.001 4™
Hhala ; AAES: 5 H2anes):

Note: **: Very significant level; AAE5: Additive by additive by environment interaction effects; H%aaes: The heritability of additive by

additive by environment interaction effects
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