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QTL mapping for appearance quality traits of japonica rice
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Abstract: In order to investigate the effects of the semi-arid conditions on rice quality, an Fg-generation rice recom-
binant inbred population (referred to as RILs population) containing of 224 lines derived from crosses between Z601 and
C14 was selected as experimental materials. Under the conditions of water-saving irrigation, the correlation between ap-
pearance quality traits and associated quantitative trait loci (QTL) was analyzed. The result showed that the percentage of
grains with chalkiness was significantly positively correlated with area of milled rice (r =0.236) and endosperm trans-
parency(r =0.659) . Endosperm transparency was extremely significantly negatively correlated with ratio of milled rice
length-width( r = — 0.481), and length of milled rice( r = - 0.166) was significantly positively correlated with width of
milled rice(r =0.283). Degree of milled rice embryos was extremely significantly negatively correlated with degree of
endosperm chalkiness (r = —0.269). A total of 34 QTLs controlling milling quality traits in rice were detected, includ-
ing three QTL controlling length of milled rice, eight QTL controlling width of milled rice, three QTL controlling area of
milled rice, six QTL controlling ratio of milled rice length-width, three QTL controlling percentage of grain with chalki-
ness, one QTL controlling degree of endosperm chalkiness, five QTL controlling endosperm transparency, and five QTL
controlling degree of milled rice embryos, which were located on chromosome 3, 5, 6, 7, 8, 11 and 12, respectively.

Keywords: rice ( Oryza sativa L. ) ; drought stress; appearance value; correlation analysis; quantitative trait locus
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Table 1  Values of various appearance traits in parents

BHDRRK SRR SRORERL  BEOE BERE N N R
DI 5 HE fir
fzﬁ LHR WHR AHR PGWC £§E ’LFETE DMRE
arents /mm /mm /mm? RHLW /% ’ /%
7601 4.67 2.67 9.65 10.67 1.33 0.69 85.22
Cl4 5.32 2.49 9.92 30.33 6.20 0.6l 5.41

1 LHR: KR ; WHR: R KRITE ; AHR: 28R KE AL RHLW: 28K KK /96 ; PGWC: TFHRR; CD: HHEE; ET: iERE; DM-

RE: #E%, T,

Note: LHR: length of head rice; WHR: width of head rice; AHR: area of head rice; RHLW: ratio of head rice length-width; PGWC: percentage of grain

with chalkiness; CD: chalkiness degree; ET: endosperm transparency; DMRE: degree of milled rice embryos. The same below.
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%3 pL 54 DNA(10 nge .7 1) ,2 pL dNTP mix(2.5
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Table 2 Values of various appearance traits in parents and RIL

ek SEAR Parents EA HAZF TIL population

Trait 7601 cl4 TR AH Max. Fo/MA Min. M Mean FRUEZE SD
BROOR A LHR/mm 4.67 5.32 5.46 3.71 4.76 0.22
KGR SE WHR/mm 2.67 2.49 2.90 2.07 2.68 0.12
R AHR/mm? 9.65 9.92 11.30 6.96 9.87 0.59
BRGER K /98 RHLW 1.75 2.16 2.17 1.63 1.78 0.10
T PRR PCWC/ % 10.67 30.33 61.00 5.67 24.13 8.89
EHEE CD 1.33 6.20 11.41 0.96 4.50 2.22
B ET 0.69 0.61 0.82 0.38 0.71 0.08
HER DMRE/ % 85.22 5.41 71.72 3.62 20.94 12.29

2.2 KN mBAERMEIR QTL S 47

gk 3 AL 2 Firs , A 34 A4~ 45 i SP W i ot
PEARAHICHT QTL, FE il H MG KRS 3 A AR KL
FE 8 AN KT KR 3 > R /98 L 6 1>
R 3 EHEE 1A GBI S AT IS 5 4,
AT 3.5.6.7.8. 11 12 54 fk I,

Hop R Z MR E N B A QTL BTk R H o
RGO TE IX — MR rp, K 3 8 A Awic, 23 e
RM3525 ~ RM1432, RM18161 ~ RM18120, RM5754 ~
RM1369 , RM5850 ~ RM494 . RM346 ~ RM6362 . RM5426
~ RM22109 . RM547 ~ Ap004623 — 46 F1 BX000510 —
91 ~ RM1337, BT #ik 2 43 5l ik #] 36.22% .33.32% .
31.19% .33. 49% . 37. 43% . 34. 9% . 34. 02% #l
28.42% ; "R R H I E 3 MARig, Hid RMS850
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BX000510 — 91 11 BT #k #8437 ik #1134 .27 % . 35. 12%
A1 21, 12% 5 4 R A 2] 5 A4 FRid, RMS850 ~
RM494 , AP003742 — 48 ~ RM7479 ,RM5891 ~ RM8020 .
RM8020 ~ RM72 A1 RM7102 ~ BX000510 — 91 A 5T ik
Ry ] 38.56% .32. 81% . 37.55% . 35. 03% F
26.44%

MEL B3 HTaT LUE AR 22 55 RIASA AN JE—
AR YRR B B 1 DR 17 2 R e X 224>
PR B AR KM, 5 6 YL @R RM5850 ~
RM494 X HORE KL ST ARG AKA /58 LR B W]
FERAH MR A — % B2 MR, o1 Bk 2 4 i ik B T
33.49% .29.30% .34.27% .22.98% F1 38.56% ; 5 8
Yefa R RM547 ~ Ap004623 — 46 X 48 4E KL 55 | 4%
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Fig.1 Appearance value traits in two parents and RIL populations
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Table 3 Analysis results of QTLs controlling appearance traits in rice

(ERN (DAY Pefafh IX[a] LOD fH TR/ %
Trait Loci Chromosome Interval LOD value Contribution rate
qLHR -6 -1 6 RM5754 ~ RM1369 6.33 24.75
LHR qgLHR-8 -1 8 RM23220 ~ RM547 4.93 17.41
gLHR-12-1 12 BX000510 - 91 ~ RM1337 4.70 16.81
qWHR-3-1 3 RM3525 ~ RM1432 7.90 36.22
qWHR-5-1 5 RM18161 ~ RM18120 10.32 33.32
qWHR-6-1 6 RMS5754 ~ RM1369 8.22 31.19
qWHR -6-2 6 RMS5850 ~ RM494 10.32 33.49
WHR
qWHR-7-1 7 RM346 ~ RM6362 10.97 37.43
qWHR-7-2 7 RM5426 ~ RM22109 6.65 34.79
qWHR -8 -1 8 RM547 ~ Ap004623 — 46 10.74 34.02
qWHR - 12 -1 12 BX000510 - 91 ~ RM1337 9.40 28.42
gAHR-3-1 3 RM3525 ~ RM1432 4.29 32.06
AHR gAHR-8-1 8 RM547 ~ Ap004623 — 46 7.63 27.20
gAHR-12-1 12 BX000510 - 91 ~ RM1337 6.84 27.40
q RHLW -3 -1 3 RM3525 ~ RM1432 6.78 34.88
q RHLW-6-1 6 RMS5850 ~ RM494 8.66 29.30
RHLW q RHLW -7 -1 7 RM21072 ~ RM6885 14.43 34.98
q RHLW -7-2 7 RM5426 ~ RM22109 8.78 32.52
q RHLW -8 -1 8 RM547 ~ Ap004623 — 46 10.97 31.50
q RHLW - 12 -1 12 RM7102 ~ BX000510 - 91 4.32 17.75
qPGWC-6-1 6 RM5850 ~ RM494 3.81 34.27
PGWC qPGWC-7-1 7 RM336 ~ AP003742 - 48 4.89 35.12
gPGWC-12-1 12 RM7102 ~ BX000510 - 91 4.41 21.12
CDh qCh-11-1 11 RM27204 ~ RM3151 3.18 6.66
qET-5-1 5 RM18161 ~ RM18120 3.10 23.07
qkT-6-1 6 RM5850 ~ RM494 3.28 22.98
ET qET-8-1 8 RM547 ~ Ap004623 — 46 3.34 16.58
gET-11-1 11 RM26151 ~ RM1219 4.59 19.17
qkT-12-1 12 BX000510 - 91 ~ RM1337 3.57 17.16
gDMRE -6 - 1 6 RM5850 ~ RM494 10.65 38.56
gDMRE -7 -1 7 AP003742 — 48 ~ RM7479 7.05 32.81
DMRE qDMRE -8 - 1 8 RM5891 ~ RM8020 7.98 37.55
gDMRE - 8 - 2 8 RM8020 ~ RM72 6.21 35.03
gDMRE - 12 -1 12 RM7102 ~ BX000510 - 91 6.09 26.44
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Fig.2  Distribution of QTLs controlling appearance value traits in rice genome
Fz 4 RIL BN & RIER B XS
Table 4  Correlation analyses of appearance traits in RIL populations
VIR RERIN BRORER BRDRK/SE O BRPRRIK BRPRORISE EWIEE TR % EHEE
Appearance traits AHR RHLW LHR WHR ET PGWC CD
BRI /% RHLW -0.027
BHPRRLK LHR 0.586" 0.369° "
MRS WHR 0.612"" -0.612" " 0.254"
BEWE ET 0.060 -0.481" " -0.166" 0.283" "
TR PGWC/ % 0.236" " -0.106 0.034 0.137" -0.122"
W E CD -0.048 -0.211" " -0.084 0.161" " -0.197" " 0.659" "
7% DMRE 0.007 -0.008 -0.025 -0.003 -0.106 -0.099 -0.269" "

T FIORTE 0.05 K2R B » « FIRTE0.01 KPR,

Note: * Significant at the 0.05 probability level; * * Significant at the 0.01 probability level.
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