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Abstract: To understand the types of gene action controlling outcross-related traits and its mid-parental heterosis, QTL
mapping of eight outcrossing-related traits including panicle exsertion degree (PED), flag leaf length (FLL), flag leaf
angle (FLA), vertical distance between panicle tip and flag leaf tip (DPFT), second leal length (SLL), second leafl
angle (SLLA), vertical distance between panicle tip and second leaf tip (DPST) and length of the first internode (LFD
from the top was conducted using 254 Xiushui 79/C Bao recombinant inbred lines (RILs) and two backcross hybrid
populations derived from these RILs. 45 main-effect QTLs (M-QTL) were identified in the three populations. The
percentage of phenotypic variance explained by each QTL ranged from 1. 5% to 80.3%. Among them, 73.3% QTL
showed an additive effect, 4. 5% a partial-to-complete dominant effect, and 22. 2% an overdominant effect. Eighty-two
pairs of digenic epistatic QTL (E-QTL) were detected in the 3 populations, of which 43 pairs were detected in RIL
population, and the percentage of phenotypic variance explained by each pair of QTL ranged from 1. 0% to 7. 0% , with
an average 2. 7%. Sixteen pairs of E-QTL were detected in XSBCF, population. Among them, 11 pairs were detected
by using XSBCF, phenotypic value, and the percentage of phenotypic variance explained by each E-QTL ranged from
11.2% to 36.8% , with an average 21. 0%. Six pairs of E-QTL were detected by using mid-parental heterosis value
(Huw) s and the percentage of phenotypic variance explained by each E-QTL ranged from 33. 1% to 76. 8%, with an
average 55.0%. Twenty-three pairs of E-QTL were detected in CBBCF, population. Among them., 16 pairs of E-QTL
were detected by using BCF, phenotypic value, and the percentage of phenotypic variance explained by each pair of
E-QTL ranged from 6. 2% to 60.0% , with an average 24. 0%. Seven pairs of E-QTL were detected by using the
mid-parental heterosis value, and the percentage of phenotypic variance explained by each pair of E-QTL ranged from
21.3% to 44. 4%, with an average 31.0%. These results showed that outcrossing-related traits themselves were
mainly controlled by multiple loci with additive effects, and the primary genetic basis of mid-parent heterosis for
outcrossing-related traits was overdominant and epistatic effect in japonica rice.
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Table 1. Summary statistics of eight outcrossing-related traits in the RIL and their two backcross F, populations from a cross of Xiushui 79/C Bao in

japonica rice,

MRS S8

Tl il i1y g LSS S £y g TR &I i B 22 il 2 K 15 2 i iy B T B2 1K
Material and
PED/cm FLL/cm FLA/® DPFT/cm SLL/cm SLA/° DPST/cm LFI/cm
parameters
757K 79 Xiushui 79(XS) 4.9 22.6 16.0 —1.52 34.2 21.8 13.2 26.3
C #& C Bao (CB) 3.7 37.5 24.5 —7.35 47.7 12.7 9.0 25.5
XS/CB F,
P Mean 1.8 31.7 18.8 —38.05 42.9 16.3 6.7 25.5
Hyup —2.5""° 1.6° —1.4" —3.62" " 2.0"°" —0.9 —4.4""" —0.4
XS/CB RILs
Mean=+ SD 4.2+2.8 30.9+6.7 24.1+11.5 —5.4+4.0 42.2+8.1 19.6+6.0 10.5+5.1 26.7+4.8
A5 i Range —3.5~13.8 17.4~45.9 10.8~80.8 —18.1~3.5 24.6~58.1 8.3~40.3 —3.6~24.1 14.7~37.2
RIL—MP 0.1 0.8 3.8"7 1.0 1.2° 2.3"° 0.7 0.9
A I Range —7.8~9.5 —12.7~15.8 —9.4~60.6 —13.6~7.9 —16.3~17.1 —8.9~23.1 —14.7~13.0 —11.2~11.3
XSBCF,
Mean4 SD 5.1+2.7 30.3£6.1 23.94+10.6 4.0£3.2 41.4+6.8 21.8£5.6 12.34+4.1 27.1+4.1
A I Range —1.2~12.8 18.3~44.2 6.0~64.3 —11.3~3.5 27.9~55.2 10.8~37.0 —0.2~25.5 18.1~37.5
Hyp 0.2+1.8 3.3%4.1 3.8£9.0 —1.1£2.7 2.7%4.3 0.9+5.5 —0.1£3.6 0.4£2.9
5 i Range 5.0~5.5 4.9~14.3 16.1~34.5 9.5~4.6 8.4~11.7 9.6~16.3 11.7~11.2 6.5~9.4
CBBCF,
Mean=+ SD 3.8+2.9 33.4+6.7 20.7£9.4 —6.6%3.7 45.8+8.3 16.4+4.6 8.8%5.0 27.4%4.6
A5 i Range 1.4~13.1 19.0~47.7 7.5~79.7 15.7~3.8 27.6~64.3 8.5~31.2 2.0~22.9 16.5~39.2
Hyp —0.242.0 —1.0+4.8 —2.9%8.9 —0.4+3.1 0.5+5.8 0.7+3.8 —1.3+4.1 1.0+2.9
AF I Range —6.1~7.4 —14.6~11.5 —26.8~45.8 —9.4~8.5 —13.5~17.3 —7.1~14.3 —12.0~9.7 —5.6~10.3

XSBCF, 7R LA 75K 79 KA 5754 RIL #EK [ 3219 )5 18 CBBCF, %R P C 8 5 A 5 75 8 RIL BERBIZZ 058, 7 A 4051
FIRTE @=0.05.¢=0. 01 fl a=0. 001 HEFACF b0 MG W3 . R HE Huw = Fo— MP,HH X T XS/CB FioR . MP= (XS+CB) /2. % T
XSBCF, K # . MP= (RIL+X$) /2. %} T CBBCF, R it . MP= (RIL+CB) /2.

“, 77, 777 Indicate significant difference at a=0. 05, a=0. 01 and a=0. 001 probability levels by ¢-test, respectively. The mid-parental

heterosis, Hyp = F,— MP, where MP were the mid-parental trait values (XS-+CB)/2 for the XS/CB F,,

+ CB)/2 for CBBCF,s, respectively.

(RIL + XS)/2 for XSBCF,s, (RIL

PED, Panicle exsertion degree; FLL, Flag leaf length; FLLA, Flag leaf angle; DPFT, Distance between panicle tip and flag leaf tip; SLL,

Second leaf length; SLLA, Second leaf angle; DPST, Distance between panicle tip and second leaf tip; LFI, Length of the first internode.
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Table 2. M-QTLs for eight traits detected in RIL and their two backcross F, populations from a cross of Xiushui 79 / C Bao in japonica rice.
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RIL XSBCF, CBBCF,
. o HeTRBE BT RAE BT Hw BT RAME T Hw
i FRic IX ]
Based on Based on Based on Based on Based on
Locus Marker interval
phenotypic value phenotypic value H \p phenotypic value H
LOD a R/% LOD a R/% LOD a R/% LOD a R/% LOD a R/%

qPEDI. 1 RM265—RM6696 9.10 —2.3 28.7
qPEDI. 2 RM6696 —RM3482 29. 36 1.4 25.9 10.61 2.7 36.6
qPEDS5 RM122—RM1182 2.62 —0.4 2.3
qPEDS8 RM22957 — RMS80 6.42 0.7 5.4
qPED9. 1 RM6839—RM3700 25.66 —1.1 15.0
qPED9. 2 RM3700—RM3600 10. 25 2.4 31.2
qPED9. 3 RM3600—RM6570 7.38 —2.0 19.8
qPED9. 4 RM5652—RM410 3.95 1.5 33.8
qFLLI. 1 RM265—RM6696 5.49 1.3 4.0
qFLLI. 2 RM6696 —RM3482 4.82 3.6 12.9 2.18 —2.1 2.1
qFLL8 RM22957 —RMS80 2.75 —0.8 1.5
qFLLY. 1 RM3700—RM3600 30.72 —3.4 27.6 5.29 4.7 10.2
qFLLY. 2 RM3600—RM6570 16.81 —7.2 49.8 2.19 —2.6 22.3
qFLLY. 3 RM5652—RM410 15.37 —2.2 11.7 27.05 10.4  49.9 11.35 5.9 55.8
qFLL12 RM463—RM7018 7.18 —1.3 3.9
qFLA4 RM551—RM335 3.24 —2.6 3.8
qFLA9 RM5652—RM410 8.95 —4.2 9.6
qFLAII RM287—RM21 4.43 —2.6 3.
qFLAS RM405—RM574 2.65 —5.3 24.2
qDPFT4 RM551 —RM335 3.01 —0.7 2.9
qDPFT5 RM7473—RM480 1.80 —1.3 8.7
qDPFT8 RMS80—RM281 10.59 1.1 8.1
qDPFT9. 1 RM5652—RM410 13.10 1.3 11.1
gDPFT9. 2 RM410—RM257 4.29 2.1 29.1 8.96 —2.9 25.5
qDPFT9. 3 RM257— OSR28 2.16 —1.6 22.5
qDPFTI2 RM7018—RM5609 6.97 0.9 5.1 5.47 2.5 30.5
qSLLI RM6696 —RM3482 4.18 3.3 8.3
qSLL7 RM346—RM336 2.38 —2.5 6.5
qSLLY. 1 RM3700—RM3600 25.69 —4.2 28.8
qSLLY. 2 RM3600—RM6570 24.31 —8.7 57.6 5.42 —4.1 32.6
qSLLY. 3 RM5652—RM410 10.30 —2.7 11. 45.51 13.4 80.3 15.83 7.5 57.5
qSLLI2 RM463—RM7018 5.54 —1.4 3.4
qSLA9 RM3700—RM3600 2.88 1.1 2.8
qSLAI RM1003—RM3453 2.84 —3.4 19.8
qSLAI2 RM3483—RMI19 2.71 7.5 60.5
qDPSTI. 1 RM265—RM6696 9.62 —4.0 32.2
qDPSTI. 2 RM6696 —RM3482 19. 81 2.5 22.8 8.45 4.1 38.6
qDPSTI2 RM7018—RM5609 4.05 0.9 3.1
qLFII RM6696 —RM3482 20. 86 1.8 14.9 11.02 3.8 27.7
qLFI3 RM218—RM232 2.78 —1.8 14. 4
qLFI5 RM440—RMI164 4.06 2.2 9.2
qLFI9. 1 RM5652—RM410 5.91 —1.1 6.0 29.78 6.0 71.8
qLFI9. 2 RM3700—RM3600 29.75 —2.4 27.2
qLFI9.3 RM3600—RM6570 10.76 3.1 45.5
qLFI9. 4 RM201—RM6971 12.17 —3.8 27.6
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Fig. 1. Main-effect QTLs mapped in Xiushui 79 / C Bao RIL and two relative backcross populations for the 8 traits and their Hy, in japonica rice.
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Table 3. Digenic epistatic QTL pairs affecting eight traits identified in RIL population from a cross of Xiushui 79 / C Bao in japonica rice.
AR PRIEHER firs PRICHRL LODI WA ¢ R e
Marker Marker il B R
Trait Locus Locus LOD value A, A, AA;
interval 7 interval j R*/%
PED 2.11 RM48—RM2265 9.8 RM410—RM257 3.70 0.4 1.5
3.1 RM5849 —RM5480 10.5 RM171—RM1108 6.93 0.5 2.9
3.11 RM448—RMS8277 10.1 RM7492—RM5095 6.37 0.3" —0.4 1.8
5.1 RM122—RM1182 8.5 RM72—RM22899 5.45 —0.5 —0.4 1.7
5.7 RM305—RM161 8.5 RM72—RM22899 6.48 0.5 2.3
6.5 RM5753 —RM345 8.9 RM281—RM264 3.03 0.4 1.2
8.8 RM80—RM281 9. 10 OSR28—RM5786 10. 77 0.6""" —0.4 1.7
FLL 1.2 RM265—RM6696 5.5 RM440—RM164 12.99 1.3 1.5 3.9
1.9 RM3453—RM490 7.4 RM180—RM214 5. 14 1.1 2.3
2.1 RM7288—RM5356 7.2 RM82-RM125 5.85 0.6 1.1 2.1
2.1 RM7288 —RMS5356 11.2 RM7120—RM287 6. 64 0.6° 1.0 1.8
2.4 RM145—RM1313 8.2 RM1235—RM331 6.55 0.7 —0.9 1.3
3.9 RM2334—RM7097 11.2 RM7120—RM287 5.51 —1.1 2.2
5.1 RM122—RM1182 9.4 RM3700—RM3600 35.47 —3.4 1.2 2.6
6.5 RM5753—RM345 7.4 RM180—RM214 7.36 —1.3 3.0
FLA 3.10  RM7097 —RM448 8.1 RM152—RM1235 5.94 —2.8 3.6
9.7 RMS5652—RM410 11.3 RM287—RM21 19. 10 —4.47 77 —2.6""" 3.3 5.0
DPFT 1.9 RM3453—RM490 6.3 RM454—RM162 3.86 —0.7 2.3
2.1 RM7288 —RM5356 10.5 RM171—RM1108 5. 64 0.9 3.5
2.10  RM2127—RM48 12.6 RM5479—RM1227 3.87 0.6 1.9
2.12  RM2265—RM266 8.2 RM1235—RM331 4.26 0.3 —0.6 1.7
3.10 RM7097 —RM448 11.2 RM7120—RM287 7.45 0.4 0.4 1.0 4.8
9.5 RM3600—RM6570 11.1 RM3133—RM7120 5. 77 0.9"" 0.6 1.7
SLL 1.2 RM265—RM6696 1.5 RM495—RM8105 9. 87 1.0 4.4
1.2 RM265—RM6696 5.6 RM164—RM305 9.40 1.7 1.3 1.9
1.5 RM495—RMS8105 3.10 RM7097 —RM448 7.04 —0.9 3.2
2.4 RM145—RM1313 8.1 RM152—RM1235 6.85 0.8 2.9
3.1 RM5849 —RM5480 10. 2 RM5095—RM311 4. 60 —0.6 —1.5 2.6
3.11 RM448—RM8277 11.5 RM5349—RM206 4.42 —1.4 2.2
4.1 RM551—RM335 5.1 RMI122—RM1182 2.99 —0.9 1.0
5.5 RM440—RM164 11.5 RM5349—RM206 6.26 0.3" —0.7 2.1
7.3 RM125—RM180 9.7 RMS5652—RM410 10. 28 —1.0" " —0.7 1.9
8.7 RM22957—RMS80 11.5 RM5349—RM206 3.99 —0.6 1.6
9.4 RM3700—RM3600 9.11 RMS5786 —RM201 34.13 —2.0 —0.5 —0.9 3.6
SLA 9.1 RM285—RM8206 9.7 RM5652—RM410 3.56 1.2 2.8
9.10  OSR28—RM5786 12.6 RM5479—RM1227 3.45 1.6 2.4
DPST 1.3 RM6696 — RM3482 7.2 RM82—RM125 23.69 2.5777 1.2 3.7
1.5 RM495—RMS8105 5.5 RM440—RM164 5.16 —1.1 3.3
2.5 RM1313—RM327 7.4 RM180—RM214 4.36 1.0 2.9
2.8 RM262—RM525 12.6 RM5479—RM1227 9.13 —1.6 7.0
3.9 RM2334—RM7097 7.8 RMI11—RM346 5.77 1.1 3.6
3.11 RM448—RMS8277 5.9 RM7473—RM480 7.42 0.7 —1.2 3.8
5.9 RM7473—RM480 7.4 RM180—RM214 3.85 —0.9 2.2

PED— il 1 i s FLL— 804 FLA—

Second leaf length; SLLA, Second leaf angle; DPST, Distance between panicle tip and second leaf tip.

Gt f s DPFT — #6255 SLL— {8 2 b ; SLA— 8 2 b i ; DPST — 8] — & Ji
25T A HIRIRAE «=0. 05,0=0. 001 Al «=0. 0001 KV LINMERN 5 0 A W25 M AAR 12 3R R 1% X ) A I ) 3 4L
QTL., A FIA 5 R R B ERO . AA, B R B AL PERON . AA, TE(H FR7m 25 0 BAE 7 5 0 55 0 56 Ok H W] — 3%
A 22 B Ay 44 AR A S T T AR A6 s 1 A 8 3 ROk R TR SE AR IS R BRI EAE s A AR . R 2m AA#E «=0. 05 & /KF g e Al
TERTE T,

PED, Panicle exsertion degree; FLL, Flag leaf length; FLA, Flag leaf angle; DPFT, Distance between panicle tip and flag leaf tip; SLL,

, """ denote there are significant

differences between additive effect and zero at a=0. 05, a=0. 001 and a=0. 0001 probability levels, respectively. Markers indicated in bold are

those flanking M-QTLs. A, and A; are the main effects of the loci 7 and j. AAj is the epistatic effect between loci i and j. AA; value implies

that the two-locus genotypes being the same as those in Xiushui 79 or C Bao parent take the positive effects, while the two-locus genotypes of

recombination between the two parents take the negative effects.

the total phenotypic variation explained by the AA; at «=0. 005.

The case of negative AA; values is just the opposite. R*is the proportion of
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Table 4. Digenic E-QTL pairs affecting the mean performance and mid-parent heterosis of the eight traits identified in the XSBCF, population in ja-

ponica rice.

— — — — ET R ET Ho TR
R ﬁWEI%E i fir % ﬁlﬂlélﬂ J Calculated based on phenotypic value Calculated based on Hyp value
Trait Locus Marker interval i Locus Marker interval j LOD A, A, AA, R/ % LOD A, A AA, R/%
PED 1.9 RM3453—RM490 10. 2 RM5095—RM311 5.29 —0.7° —2.6 19.2

2.9 RM525—RM2127 7.2 RMS82—RM125 3.98 1.0° 3.0 75.8

9.3 RM6839—RM3700 9.6 RM6570— RM5652 6.72 —0.9" —3.4 32.0
FLL 1.7 RMS84—RM1003 11.1 RM3133—RM7120 5.21 5.7 18.4

2.1 RM7288—RM5356 8.1 RM152—RM1235 6.52 —2.1" —5.9 19.6

2.9 RMS525—RM2127 .2 RMS82—RM125 5.41 1.5° 2.1° 6.6 36.6
DPFT 10.2 RM5095—RM311 12.6 RM5479—RM1227 4.07 —4.4  68.1
SLL 2.4 RM145—RM1313 8.2 RM1235—RM331 5.55 —2.0" —6.4 14.6 4.25 —1.7" —5.5 33.1

3.1 RM5849—RM5480 6.1 RM8239—RM5314 3.66 —5.6 11.2

3.10 RM7097 —RM448 11.2 RM7120—RM287 3.67 —6.2 13.6

9.12 RM201—RM6971 12. 3 RM463—RM7018 6.46 —2.5""—6.3 14.4
SLA 1.2 RM265—RM6696 6.3 RM454—RM162 3.72 —8.2 42.6
DPST 2.7 RM5427—RM262 12.6 RM5479—RM1227 3.83 —4.8 25.4

6.5 RM5753—RM345 9.11 RM5786—RM201 3.72 —5.6 76.8

7.1 RM8263 —RMS82 9.13 RM6971—RM1013 7.35 2.3"°7 5.3 31.2
LFI 2.6 RM327—RM5427 5.2 RM1182—RM405 7.06 —5.4 36.8

PED— Bl B 5 FLL— 8101 1< FLA— &It [ ; DPFT — REBI R 22 5 SLL— 181 2 ih K5 SLA— 8] 2 0 i 5 DPST — B 225 LFI— 8 1 5
B,y 7 T AR IRTE «=0.05,a=0. 001 Fl a=0.0001 RN FINHERN 5 0 A 3% 2 5. BARIC R R Z X HBENH M-QTL, A, #

A G RN LR § FURLAT G ROV . AA LA G LR ) B REMERON . AA TEAE 7 24 T B A AL 51 55 (0 36 R 0k 1 2R AR 50K 79 B 3 B0 14
ACEAE T T EL AR AL A58 1Y 55 0L B PR ke 19 S T S5 AR B 38 B R R B 5 S AR . R* 7R AA, 7E «=0. 005 B3RP L RERA T 210 /3%,

PED, Panicle exsertion degree; FLL, Flag leaf length; FLLA, Flag leal angle; DPFT, Distance between panicle tip and flag leaf tip; SLL, Second
leaf length; SLA, Second leaf angle; DPST, Distance between panicle tip and second leaf tip; LFI, Length of the first internode. “, ", """ denote
significant differences between additive effect and zero at «=0. 05, a=0. 001 and «=0. 0001 probability levels, respectively. Markers indicate in bold are
those flanking M-QTLs. A, and A; are the main effects of the loci i and j. AA, is the epistatic effect between loci 7 and j. AA; value implies that the
two-locus genotypes being the same as those in Xiushui 79 parent take the positive effects. while the two-locus genotypes of recombination between the

two parents take the negative effects. The case of negative AA, values is just the opposite. R”is the proportion of the total phenotypic variation explained

by the AA; at a=0.005.
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Table 5. Digenic E-QTL pairs affecting the mean performance and mid-parent heterosis of the eight traits identified in the CBBCF, population in ja-

ponica rice.

EF R T A TR
TR (¥ FRig X 8] i 5 Fric X T8 j
Calculated based on phenotypic value Calculated based on H,y value
Trait Locus Marker interval ¢ Locus Marker interval j LOD A A AA, R/% LOD A, A, AA, R /Y
PED 5.1 RM122—RM1182 12.3 RM463—RM7018 5.58 0.9° 0.9° 2.3 10.0
6.2 RM5314 —RM454 12.3 RM463—RM7018 4.46 1.0° 2.7 39.4
9.3 RM6839—RM3700 9.7 RM5652—RM410 14.15 2,177 —4.4 37.8
FLL 7.1 RMS8263—RMS82 7.9 RM346 —RM336 5.33 —6.0 6.9
7.4 RM180—RM214 11.5 RM5349 —RM206 3.89 —1.7" 5.3 36.7
9.4 RM3700—RM3600 9.8 RM410—RM257 45. 86 3.7 8.0 10.1 19.6
FLA 1.1 RM486 —RM265 12.5 RM5609—RM5479 5.79 3.47 4.3 14.1 29.1
4.3 RM3288 —RM303 12.5 RM5609—RM5479 6.51 3.6 4.47 10.2 15.2
7.6 RM542—RM418 8.6 RM22899—RM22957 4.58 12.1 21.3
8.1 RM152—RM1235 12.3 RM463—RM7018 3.15 —10.7 16.7
DPFT 2.10 RM2127—RM438 12.3 RM463—RM7018 8.07 —5.9 60.0
SLL 3.3 RM3467—RM545 7.4 RM180—RM214 3.90 2.2 —6.2 24.3
4.1 RM551—RM335 12.1 RM3483 —RM19 2.61 6.4 5.1 15.1 38.5
7.1 RMS8263 —RMS82 7.9 RM346—RM336 4.94 1.5 1.6° —6.1 6.2
7.9 RM346—RM336 10. 2 RM5095—RM311 6.29 2.5° 1.6 —6.4 25.8
8. 11 RM6948—RM433 11.2 RM7120—RM287 3.49 —12.1 44. 4
SLA 7.5 RM214—RM542 8.8 RM80—RM281 3.88 2.0 4.5 40. 4
DPST 2.9 RM525—RM2127 12.4 RM7018 —RM5609 6.05 —6.2 19. 4
2.12 RM2265—RM266 4.1 RM551—RM335 5.26 5.8 16.7
3.2 RM5480—RM3467 9.11 RM5786 —RM201 4.81 —5.4 15.0
3.2 RM5480—RM3467 9.12 RM201—RM6971 3.45 —5.1 21.3
3.7 RM218—RM232 7.4 RM180—RM214 6. 41 1.8" 2.5" 7.2 26.6
6.2 RM5314—RM454 12. 3 RM463—RM7018 4. 05 5.7 27.0

PED—#fih ihi B s FLL—8IM s FLA— &I 55 DPFT — RSB 2% s SLL—8 2 i< SLA— {8l 2 M/ DPST—f8] 2 J 2%, ",
SR RTE «=0.05,a=0. 001 # «=0. 0001 EFIKF EIMVERLRL 5 0 A W3 2 5 . MBS IC R R % X ] WA 3] M-QTL., A, Al
Ay AN FIRAL R LS R RN . AA SIS TR AR RONE . AA, TEME KRR Y W E AR AL R SF AL R R )2k F oA C R I R B
HERCEAR S T P9 AR L Y A5 6L (R R A T S5 A B 3R 3l 080 A 5 S (WA S . R*3RIR AAGTE «=0. 005 2 /K 1 i BER B J5 22 1Yy
o,

PED, Panicle exsertion degree; FLL, Flag leaf length; FLA, Flag leaf angle; DPFT, Distance between panicle tip and flag leaf tip; SLL,
Second leaf length; SLLA, Second leaf angle; DPST, Distance between panicle tip and second leaf tip. ~, “*, " denote significant differences
between additive effect and zero at «=0. 05, «=0. 001 and a=0. 0001 probability levels. respectively. Markers indicate in bold are those flan-
king M-QTLs. A, and A; are the main effects of the loci i and j. AAj is the epistatic effect between loci i and j. AA; value implies that the two-
locus genotypes being the same as those in C Bao parent take the positive effects, while the two-locus genotypes of recombination between the
two parents take the negative effects. The case of negative AA; values is just the opposite. R* is the proportion of the total phenotypic variation

explained by the AA; at a=0. 005.

MR R 220 48. 3% HAENL L 3. 2-9. 12 Y F| 5 > ZJE] S A PR A B M-QTL 3.3 4~
SRR Ok B C £ I AR AR — e B 22 vh R A PAAS PR A I ) B B A M-QT L 5T ik 25 5 R0 7% &
5.1 con, HAEDI A 6. 2-12. 3 MSE 7 3EH 15k A 2.8%~48. 7%, ¥k 33. 9%, RIL B4k & 1
C BRI 3G s — i B 22 v R #H 5. 7 em, REE Y E-QTL 3 H7E 0 & 11 X Z [|], F H 5

3 e ASVERA I B 5. 4 X5 B PR A T B Y B A E-
QTL o1 Mk R S M AW 0% ~27. 4%, ¥ R

A5 7E RIL BEAK . XSBCF, #E44 #l CBBCF, #f 14.5% . XSBCF, Bf A rf, SE 35 oA AR R M 3 1. 4
b, 8 AR AG I ) 45 A~ M-QTL CF- 354> At M-QTL, AR A I 2 5 A M-QTL 53
IR 5,63 ) 1 82 XF E-QTL CE 44 4 #Ik 10. 25 R SRIE- 34 0 28, 9 00 5 7 34 B AN PR A 3 0. 3
X1),26 4~ M-QTL #il 43 % E-QTL 7£ RIL &k A M-QTL, 3 F BCF, #RIE A Hye [H1T5 .
Kl &), 3 H R RIL BEAR R R BCF, 32 75 S-S5 A PEARAS I B A BT A M-QTL 5T ik 2% S Fl
(BRI H yp (A 2 B9 QTL 38t 44 5500 7] LA (% ¥ 53 50 R 13. 4 % F 6. 9 %0 5 B B MR A I 0. 3
6) : RIL #EfAR T, &R A I 2] 1) M-QTL $H 7E 1 AR PEM-QTL, T Hyp {8 115, B0 PR IR A I
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Table 6. Summarized results on gene action of QTLs affecting eight traits detected in the RILs and two BC populations from a cross of Xiushui 79/

C Bao in japonica rice.

RIL B4 XSBCF, #f{&

RIL population

XSBCF, population

CBBCF, Btk
CBBCF, population

58 Al o e T

B B

@){j{ J:{ﬁ[‘ﬁ_t Lﬁﬁ Complete or Over or under- J:{Wfi Over or under-
Trait Additive Additive partial dominance dominance Additive dominance
No, R/ % No. R/(;‘ ) No. R /(;, )R (/10—2\“,) o. R/(;1 ) R /(;M.,) No. R/(y};‘ ) No. R/(;‘ )R /(QMP)
M-QTLs
PED 4 48.5 2 56.4 2 59.9 1 38.8
FLL 5 48.7 1 12.9 1 49.8 22.3 2 12.3 1 44.9  55.8
FLA 3 17.0 1 24.2
DPFT 5 35.9 1 30.5 1 29.1 1 25.5 1 22.5
SLL 3 44.0 1 8.3 1 57.6 32.6 2 80.3  64.0
SLA 1 2.8 1 19.8 1 60.5
DPST 2 25.9 1 38.6 1 32.2
LFI 3 48.1 3 64.5 1 71.8 2 59.9
Mean 3.3 33.9 1.4 28.9 0.3 13.4 6.9 0.3 11.2 1 25.2 1 15.7 33.2
E-QTLs

PED 7 13.1 2 51.2 1 75.8 2 47.8 1 39.4
FLL 8 19.2 2 38.0 1 36.6 2 26.5 1 36.7
FLA 2 8.6 4 82.3
DPFT 6 15.9 1 68.1 1 60.0

SLL 11 27.4 4 53.8 1 33.1 2 44.7 3 94.5
SLA 2 5.2 1 42.6 1 40.4
DPST 7 26.5 2 56.6 1 76.8 4 77.7 2 48.3
LFI 1 36.8

Mean 5.4 14.5 1.4 29.6 0.8 41.6 2 47.4 0.9 27.4

FNW A M-QTL STk SR8 11. 2%, CB-
BCF, B4, 57 B AP RAG I 2 1. 0 A e M-
QTL, BAS PR AR AG T 2 1 T M-QTL 51 ik R &
SEHI 25,200 s F S PR A I 2 1. 0 AN
M-QTL, %F BCF, REVHE A Hyp (A5, -3 A
PORA I 3] B BT A M-QTL 57 Bk 2R 8 2420 51
15. 7% 1 33. 2% . WA BCF, BE A S 249 B8 A4S PR R
BIiE 1.7 Xt E-QTL, 1 B x) intk E-QTL
M TTER R 22. 6% . P> BCF, B4 o 2 4G ) )
M E-QTL. 78 XSBCF, B {& fil CBBCF, B {A& 1,
S 157 B AN PR 43 A T 2 0. 8 XA 0. 9 X A G
E-QTL; 3T Huyp (115, B4 PEARA T 2 19 B A
M E-QTL BTk S AT B 8053 5 41, 6 %6 F
27.4% . RS RFW RS ASHCHEREHR 2
AL R A 0 o RO MR AR B 1 1 FH 2 8 DL 1 2k
s I oY R e A | W VA & 5 Gt R B ey
55 AH IR 2 e A T2 B AR S A

AR 5T 45 5 2 BB R 75 2R 41 & 55 3 A C MR v
SRS WA A IR A R X 5 2
2R Mei S50 A K B I R AR A K R 8

A S o B o s N i D e
SEUUIA R ] 2 A R R A s AT LA B 2
SRRV . 4518 R [ AT RE S A 5T T G A R
DL BT A3 T AR OR TRl A O . AR 9% 02 B Ok DRI A
(8 AN 5 38 AH MR B Frh SR AR BT RS0 4 T
15015 FE R AT 76 BN T I8 A ) R e Sk L,
T ARG ) 2 AR R 25K 2 AN UK RS A G
PR

ARG RS 0 B 1Y) g FR e ek HLALN (H B3 1Y
QTL —J5 1 ] L A 40 5 7 (i gPEDI. 2) ;5
—J7 AT LU A 6] 7 B i A 0l 2 30498 2880 sl s 3k
9 QTL Jmn LAz A . an 1) 38 &% /9 Jm #E QTL ¢D-
PFTS flgDPSTI12 2 RAE & ML & i 2 Fl i
T B2 R B R B M QTLgPEDY. 2 SR —
JCATE R MR . A B 2T I 2 5 ke < R
FETH QTL U gPEDS) 1 2% A 4 F A ic 3 AR R Wi
REA 8 QTL MR . A& i — 28 R F i B T 1
Fe ARG A, LA ]2 R FH ax S L PR B s, 6 TR
B SR B T4l A S AE 28 R A 3459 o 7
rhoR B SR AR MO 1) QTL (i gFLAS i
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qSLA12) . n] i e Hy FL AT BEAR Z Fi AL 34 i) 22 S8 4l &
YERZTCAE R . B 5WE R A3SHCH] =38 Fh . L F
FHRE T — 28 b 2 el O A8 v 2 5 B RS 114 oy M B o
Gl B A2

BRI 3 s iah 8 ANk QTL 783
HP RS A AT 1.3.4.5.7.8,9,11,12
G SRPEAR L HER R AR R 2R 55
A7, KRR b 3L g (o A X ], B 2 R4 A .
AT 9 e ok ) RM5652 — RMA10 X [a] P [7] i
FEAESE M AR G ) 2 pR R B 1 T K
SN ff B O 22 6 MR QTL, BLAhE
oy A B 2 A8 2 A UL MR QTL i 4 o {k
XAl iR A 4 A, 40 5 2% 1 3 6K i RM265-
RM3482 X [], 55 9 Ye ki) RM3700—RM6570 IX
), 55 8 Yo ik iy RM22957 — RMSO [X [ia] Al 45 12
Ye o fA () RM7018—RMS5609 [X &), #E W4 T 7] —
Fric DX ] QT L A% s AT BB 2 — P 22307 o o Tk
P 22 AT R 0 e 7 B R B, TR X K QTL &
B X — PR 2007 30 2 1 AN ] Motk i) 5 DY % 3%
BB Sk R R Bl B 3 R [ B o R 22 A PR IR R AL
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