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Abstract: [Objective] To deeply explore new genes related to panicle length and provide a basis for the study
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of genetic mechanism of panicle length regulation and molecular breeding in rice. [Method] Two superior
parents, ‘ZP37° and ‘R8605°, as well as 208 recombinant inbred lines (RILs) derived from the cross of
ZP37/R8605 were used as a mapping population to locate quantitative trait loci (QTLs) for panicle length in
three different environments through the high-density linkage map of whole genome resequencing, and to
analyze their pyramiding effects. [Result] A total of 11 QTLs for panicle length were detected on
chromosomes 3, 4, 7, 8, 9 and 12, with the logs of odds (LODs) ranging from 3.07 to 12.87 and contribution
rates ranging from 2.17% to 10.94%, seven of the QTLs were new loci, and the remaining four QTLs overlapped
or were close to the reported panicle length genes and QTLs. Among them, four stable QTLs were detected
repeatedly in two different environments, and by analyzing the lines that pyramiding different numbers of
panicle length QTLs, the results showed that the panicle length QTLs showed an additive effect, and the increase
in the number of QTLs significantly increased the panicle length of rice. [ Conclusion] The results of this study

provide a solid foundation for cloning and functional analysis of rice panicle length QTLs, as well as a

44 %

theoretical basis and genetic resources for high-yield rice breeding.

Key words: Oryza sativa L.; Spike length; QTL mapping; High-density genetic map
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Fig.1 Panicle length differences of ‘ZP37°, ‘R8605° and
some RILs in 2020

ZP37 RIL128

1 FEKE RIL BT SHIER
Table 1 Distribution of panicle length traits in RIL population

EAHK/em HHALRBEK
78 Parent panicle length RIL panicle length
Environment 1 P E/em AR /em ki 913 A 5 R AU Y
ZP37 R8605" )

Mean Range Skewness Kurtosis Ccv
2019 23.10 37.56** 29.08 23.20~38.67 0.42 —0.13 0.11
2020 23.57 34.63%* 26.50 19.87~37.20 0.50 1.04 0.11
2022 23.48 32.05%* 26.29 20.86~33.80 0.29 0.18 0.08

1) “**” RrLh ‘ZP37 #RAARLEFRFE(P <001, £5)

1) “** indicates significant difference from ‘ZP37’ strains (P < 0.01, ¢ test)
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HHAHZRBEARLE 3 AN KK F51E wgg: =2019 ®2020 =2022
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Fig.2 Distribution of panicle length in the RIL population
in different environments
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12 Jefafh I, LOD 9 3.07~5.99, #ATrike/rF  RIVHEERIOFEE. 78 2019 Al 2020 FH5E T
2.17%~5.87%. 2020 4EILKMHE] 5 4 QTL, 45 WEIE LOD 2 54 3.81 A1 3.94, W 73 Jill i B
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3.12~6.33, A TTEREAN T 2.75%~6.39%. Hrp  ILHEESRIFENE. 1E 2020 F1 2022 AT A
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%2 TEFETKIEEK QTL £47

Table 2 QTL analysis of panicle length under different environments

2019 2020 2022
o e ta gk [ 7 PRI
effect PVE effect PVE effect PVE
qPL3-1 3 6992384—7197429 3.11  —0.63 2.28
qPL3-2 3 7324223—7890278 343 -0.71 2.89
qPL4-1 4 20619799—20702562 622 —0.68 4.54
qPL4-2 4 24259618—24399641 3.81 —0.69 2.17 3.94 —0.68 2.66
qPL7-1 7  14356324—14982725 5.21 0.66 2.45 3.14 0.53 2.75
qPL7-2 7 17321645—17418744 3.12 0.53 2.77
qPL8-1 8 25112712—26010194 12.87 -1.39 10.94 633  —0.80 6.39
qPL8-2 8 27500184—27682717 599 -1.13 5.87
qPL9 9 20564403—20770874 3.22 —0.82 3.08 542  -0.70 4.88

qPLI2-1 12 7167759—7401747 3.31 —-0.94 4.02
qPLI12-2 12 14722574—14918715 3.07 —0.77 2.70

gqPLS-1 P T35 8 Yot k(1) 25.11—26.01 Mb  7E 2019 F1 2022 4 2 NIREG R4 AG I 21, KILH
Ab, 7€ 2020 F1 2022 4F 2 MBI R, £ BERMERENME. 78 2019 12022 5 kI 2
DL BRI R E M. 7E 2020, 2022 BT N ATIINE] 1 LOD 43704 3.22 1 5.42, AT 43 iR 3.08% Fi
1) LOD 43729 12.87 F1 6.33, n] 73 ffRE 10.94%  4.88% MIRAAE .
H16.39% BRI F . 553 etk b3t E A B 2 MK AR QTL,
qPL9 1 T56 9 Jeta R[] 20.56—20.77 Mb &, 7562 T 6.99—7.20 Mb 1 7.32—7.89 Mb 4b, 355



6 W]

Folgad, 55 3T LA EE RKREARK QTL EAL S5 70 Hr 893

1 2020 FFREE AT B (1, B FE YR A T
‘R8605™ » gPL3-1 [f1 LOD £324 3.11, TIHRFEA 2.28%.
gPL3-2 {1 LOD Z1°K 3.43, Gi#k*% N 2.89%.
54 gtk BB AR TR 2 ANIREE AR
B gPL4-2, IEAE 2022 S RN F T
gPL4-1, FEALT 20.62—20.70 Mb 4b, #82503E K3k H
T ‘R8605™ , LOD £1°H 6.22, TTRRZEE A 4.54%.
57 Qe Ak BB AR T TE 2 ANIEE T A
B gPL7-1, B7E 2022 FEHEE F R F T
gPL7-2, 5EALT 17.32—17.42 Mb kb, B3 Rk H
F ‘ZP37’ , LOD Z1°4 3.12, TIRkHE N 2.77%.
58 Ytk BRRE AL E T AE 2 ANIAEE AR
By gPLS8-1, B 2019 SEHE AW E T
gPL8-2, BT 27.50—27.68 Mb 4b, H%503E K 3k H
T ‘R8605™ , LOD #4174 5.99, TTRRZE A 5.87%
Bo12 Qe bt A B 2 DMK A
QTL, 43 WAL F 7.17—7.40 Mb £ 14.72—14.92
Mb &b, I 7E 2019 FFEIAEE T R I 2 1y, 3 20k K]

¥k E T ‘R8605° . gPLI2-1 11 LOD %14 3.31,
TR N 4.02%. qPL12-2 [f1 LOD %124 3.07, TT#k
HH 2.70%

DA b QTL 138 25k 55 Ao 6 PR K30 43>k B KSR
A R86057 , YW KAHSEA ] QTL Az s
HA B RRSUHER G 2).
23 3IANMEE QTL L mMBEMSE 24

FEFTEALRI 11 MREKAE R QTL Y, A 4 4
QTL B gPL4-2. gPL7-1. gPLS8-1 F1 gPL9 1 2 A
[F) PR 858 T R I 3], RIS AR R as A RN . AR
WFFExt i i) 3 A QTL(gPL4-2+ gPLS-1 F1 gPL9)
(1RGN EAT 23 A, ARAE 3 AL ALY bin bRid 5
IR, S B & 288, AR5 H RIL BEAR 40 8 Fil
AR, Ik 4 N Hapl~Hap 8 (£ 3). XA
SH G ST 1) 3 B AN B A0S L AL AR R ok Rt
1750, SR F:7E 3 MR T, BE A
PR RIS AGEAL QTL Mg in, BRI 1 2N
RUNE, FEACHE N, BRI R R M Z 57 2% (3R 3).

*3 K QTL WRAEMB I
Table 3 Pyramiding effect of the QTLs for panicle length

e QTL RIL¥ & AN FFA R /em Panicle length in different years
gPL4-2  gPLS-1  gPL9  No.ofRILs 2019 2020 2022
Hap 1 + + + 24 32.57a 29.86a 28.75a
Hap 2 - + + 18 29.48bc 27.15b 26.92bc
Hap 3 + + - 17 30.39b 27.80b 27.23b
Hap 4 + - + 34 29.63bc 26.81bc 26.91bc
Hap 5 - + - 15 28.91bcd 26.34bcd 25.71cd
Hap 6 - - + 30 28.47cde 25.61cde 25.62d
Hap 7 + - - 37 27.89de 25.43de 25.57d
Hap 8 - - - 20 2691e 24 .44¢ 24.19¢

1) “+7 F2 =7 SR A AP R AR E AR B S MRS 6 RS F A AR R T R AR A A2 £ 7

E#(P<0.05,LSD*)

1) “+” and “—” indicate the presence and absence of favorable alleles respectively; Different lowercase letters of the same column

indicate significant differences among different types of strains under the same environment (P < 0.05, LSD method)
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