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Panicle length QTL mapping and candidate gene analysis
based on genome-wide association analysis in rice

ZHU Xiaoya, YAN Yuntao, GUI Jinxin, SHI Jubin, ZHANG Haiging, HE Jiwai "

(College of Agronomy, Hunan Agricultural University, Changsha, Hunan 410128, China)

Abstract: In this study, 254 rice 3K germplasm resources were used as research materials, and they were planted in
Changsha, Hunan Province, in 2021 and 2022, respectively. The panicle lengths of the various germplasm were measured at
heading stage. Combined with germplasm genotypes for genome-wide association study, three panicle length QTL were
detected on rice chromosomes 1, 5, and 6, named gPL-1, qPL-5, and qPL-6, respectively. These QTL explained phenotypic
variation range from 9.06% to 28.27% of the variation of spike length. The candidate genes of qPL-1, gPL-5 and qPL-6 were
finally obtained by combining the gene function annotation in the QTL interval and the significant difference of the panicle
length of different haplotypes. With the co-localization of qPL-6 and sped1-D, Os01g0715600 and Os05g0132700 were
identified as the new candidate genes for the regulation of spike length. Polymerization analysis of the elite haplotypes of
0s01g0715600, 0Os05g0132700 and Os06g0597500 revealed a superposition effect within the three genes.

Keywords: rice; panicle length; QTL(quantitative trait loci); candidate gene; haplotype; gene pyramiding
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Table 1 Statistical analysis of panicle length phenotypic data

A e KAE/em e/ MH/em S {E/em R T W& iz
2021 34.05 17.275 25.7843.50 0.14 0.06 -0.29
2022 34.80 17.025 26.8843.74 0.14 -0.37 -0.21
A “ B C D
__ w0 _—_ b i a b a ab
40
“ _ 30} . 0 ab
30t = 2 S é
i = o5 Eos
20l 20 W &
ol " 20 20
s o9 0P oo o T
0 0 & & 3] &
20 25 30 35 20 25 30 & g.»@ 3’@5 & 8*@ 3’&}

i C/em B l</em

A 2021 4EKFERERATE M ; B 2022 4E /KRR KARE M s C 2021 4E /KRR AEARFRIEREF 404 ; D 2022 4E /KRl 7E

RIFERE 53 . PR E AR )RR T RE R 1922 54T S5 15 2 (P < 0.05).
El1l KFERKHSRB S HAL R

Fig. 1 Frequency distribution and subgroup distribution of the studied rice panicle length
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Fig. 2 The result of genome-wide association study for the rice panicle length in 2021 and 2022

*2 =EFEEXKSTEMBREK QTL

Table 2 QTL for panicle length mapped by genome-wide association study

45, DGy Qb s iz & /bp P fH HIXS BTARRI%
gPL-5 2021 5 1931467 2.32E-07 28.27
gPL-1 2022 1 29812673 1.25E-06 11.51
qPL-6 2022 6 23518 009 2.32E-06 9.06

2.3 FEKEEERE TR L ER S
S5 A R AT RE R, X 2021 4
1 2022 ARG ) 3 4> QTL #EATAR IR 23,
WIS 7 MG RE R (8 3) o X L R AN [m] B
TR AR A T BB b, AN [R] FLAE AL ]
H & 251 0s01g0715600, 0s05g0132700,
#=3 K QTL BiLEE

Table 3 Candidate genes prediction for panicle length QTL

FLA B RE A FHvRE

qPL-1 0s01g0715600 AR i A
050190715900 HIKEEEN
0s01g0717601 AN1 458
050190718000 A20/AN1 BHEEH

gPL-5 050590132000 TREEEN
0s05g0132700 MYB FJE4 s

qPL-6 050690597500 HIKEEEN

0s06g0597500 “Hy i 2 () f i B K, Os0690597500
SRR LR, 050190715600 Ffith Ak K & i
H#4k, 0s0590132700 %ifih MY B F sk s sk A1,
0s0690597500 Zwhd H K E & -

0s01g0715600 A 4 FHfiAI(1&] 3-C), Hrp
A 3 YRS BB K T L AR EY 4 11,
fE 7 1 SR 2 2R TRIRTIERE, A5 3
FRT cAAUS)TEAE, PR 4 F2 28 TRIRG I A
(®l 3-D); 0s05g0132700 5 3 FfEHI(K 4-C),
Horp BRI 2 FIBARE IR 3 AR 2 K TR 1
(), AR 1 2R TRERDIAE, PRAETY 2 Fsafh
A 3 FEJE TS WRE(E 4-D); 0s0690597500 A
2 FhEpfE B (1 5-C), Hrp s Al 1 K B &K T
FERL 2 1, FREAD 1 FREUE TAREIERE, PRAE
2 F R THIRAE (X 5-D).
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Fig. 3 Analysis result of the gPL-1 candidate genes
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Fig. 4 Analysis result of the gPL-5 candidate genes
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Fig. 5 Analysis result
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of the gPL-6 candidate genes

500M%2 AL Typel A1 Type2 f~F- X 200
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Table 4 Haplotype aggregation analysis of candidate genes in

germplasm resources

AL R B A5 7Y

Hht/

A o HEkiem
0s01g0715600 Os0590132700 Os06g0597500 I

Typel Hap3 Hap2 Hapl 17 (29.81#0.55)a

Type2 Hap3 Hap2 Hap2 4 (29.18%2.12)a

Type3 Hapl Hapl Hapl 15 (23.3620.60)b

Typed Hapl Hapl Hap2 27 (24.6940.52)b

TG — 5 (AR [R] 7R 2 A TR 2 57 B 138 3 (P<0.05)
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Fig. 6 Polymerization analysis result of the different haplotypes of panicle length candidate genes in germplasm resources
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