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QTL Identifying for Panicle Architecture-Related Traits in
Sorghum Based on High-Density Genetic Map

DING Yan-qing, WANG Can, XU Jian-xia, GAO Xu,CHENG Bin,CAO Ning,ZHANG Li-yi
(Institute of Upland Crops, Guizhou Academy of Agricultural Sciences, Guiyang 550006)

Abstract: The aim of this study was to use a high-density genetic map to identify QTL for panicle
architecture-related traits in sorghum, which would enable marker-assisted selection and the exploration of the
genetic mechanisms of key genes underlying these traits. 205 recombinant inbred lines (RILs) from a cross
between BTx623, an American cultivar, and Hongyingzi, a cultivar for brewing liquor, were used to investigate
five panicle traits in five environments (Guiyang, Anshun and Ledong) from 2020 to 2021. These traits include
panicle length (PL) , panicle handle length (PHL) , number of cob nodes (NCN), number of primary branches
(NPB) , and length of the longest primary branch length (LLPB). The inclusive composite interval mapping
(ICIM) method was used to identify QTL, enabling the identification of 61 QTL at 45 unique loci. Of these, 14
10.8.11 and 18 QTL were related to PL, PHL, NCN, NPB, and LLPB, respectively. Nineteen important QTL
were identified across multiple traits or environments and were distributed on chromosome 1(3), 3 (4), 4 (2),
5(1),6(4),7 (1), 8(3), and 9 (1). In addition, 13 orthologous genes for rice panicle architecture were
found in or near 12 of the 19 QTL, including DEP1, RGN1, OsPID, OsSPL7 and WTGI. These findings
provided a basis for gene cloning and function verification in future.
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Table 1 Phenotypic statistics of five panicle architecture-related traits in the RIL population in five environments

o b JE7K Parents RIL ##{4 RIL population
i i T RvME O ERKME CEIE FREZE ERAR(%) iR 6355
Traits Environment BTx623 . . i .
Hongyingzi  Min. Max. Mean SD cv Skewness  Kurtosis
K (em) 2020GY 28.47a 33.60b 21.07 4220  30.16 4.19 13.88 0.091 -0.267
PL 2020AS 27.50a 33.44b 2280 4217  31.60 3.84 12.16 0.209 -0.296
2020LD 28.54a 31.61b 2097  40.83  29.96 4.08 13.63 0.053 -0.466
2021GY 28.75a 33.75b 19.83 4517 3030 475 15.67 0.465 -0.045
2021AS 27.17a 32.83b 2333 43.00 3149 4.17 13.25 0.300 -0.413
TR (em) 2020GY 45.33a 57.23b 27.67  83.53  53.11 9.06 17.06 0.415 0.742
PHL 2020AS 45.83a 59.90b 34.10 8390 5325 8.66 16.26 0.412 0.282
2020LD 42.70a 51.10b 27.60 7327  49.95 8.69 17.40 0.127 -0.317
2021GY 44.33a 54.17b 31.50  82.17  54.85 9.58 17.47 0.212 -0.140
2021AS 44.00a 53.50b 24.13 7433 49.18 8.82 17.92 0.218 0.071
TEAIT 4 2020GY 8.33a 8.67b 533 13.67 9.63 1.60 16.59 -0.149 0.003
NCN 2020AS 9.00a 9.67b 533 14.00 9.30 1.60 17.20 0.056 -0.224
2020LD 9.67a 10.00b 500 1333 9.37 1.44 15.37 -0.088 0.188
2021GY 9.33a 9.67b 567 1333 8.99 1.34 14.92 0.319 0.416
2021AS 9.00a 10.00b 500 1233 8.72 1.32 15.14 -0.196 0.055
— BT 2020GY 55.00a 49.00b 31.67 86.67 5472  10.55 19.27 0.483 0.138
NPB 2020AS 51.00a 47.67b 32.67 88.67 5480 10.73 19.58 0.797 0.633
2020LD 45.33a 43.33a 28.00 9400 4896  10.70 21.85 1.198 2307
2021GY 52.67a 47.33b 26.00  79.00  48.79 9.45 19.37 0.357 0.443
2021AS 53.00a 47.33b 31.00 88.67 5445 10.88 19.98 0.656 0.585
K —E K 2020GY 8.60a 13.93b 8.03 2477 1429 2.82 19.75 0.375 0.399
(cm) 2020AS 12.50a 14.67b 743 2140  13.79 2.40 17.38 0.332 0.104
LLPB 2020LD 11.70a 14.67b 690 1950  13.27 2.75 20.74 0.202 -0.458
2021GY 10.83a 15.17b 450 2050  13.30 2.78 20.91 0.160 0.079
2021AS 12.00a 15.83b 717 2083  13.12 2.66 20.24 0.269 -0.056

ANEINE FRER R SEATE 0.05 7KF T 8255 3 52020 ,2021 73 IR 2020 F12021 4£ 2 ; GY LAS AT LD 435148 52 BH LA SR 4R 5 T[]

Different lowercase letters indicate significant difference between parents at 0.05 level. 2020 and 2021 indicate the year 2020 and 2021. GY, AS and
LD indicate Guiyang, Anshun and Ledong. PL: Panicle length; PHL: Panicle handle length; NCN: Number of cob nodes; NPB: Number of
primary branches; LLPB: Length of the longest primary branch; The same as below
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Table 2 Correlation analysis for five panicle architecture-related traits in the RIL population

782 LE2N 3N AR FRATTEL —AAEEL
Environment Traits PL PHL NCN NPB
2020GY VRIS 0.376%*
TEANT%L 0.152% -0.142%
— AR -0.043 —0.212%% 0.558**
fx K — B 0.678%* 0.285%* -0.099 ~0.189%*
2020AS VRIS 0.370%*
JELHIREA 0.134 —0.199%*
— AR 0.059 —0.192%* 0.294%*
F K — R 0.669%** 0.375%* -0.131 ~0.196%*
2020LD VRIS 0.367%*
TEEAHITT%L 0.183%* -0.093
— AR -0.005 —0.272%% 0.368%**
f K — B 0.729%* 0.302%* 0.017 -0.212
2021GY (YRS 0.223*
LU HIRVEA 0.198%* -0.133
— AR 0.253%* -0.205%* 0.460%**
I — R 0.739%* 0.113 0.082 0.085
2021AS (EYEIS 0.288%*
[ RTE 0.134 —0.203%*
— AR 0.131 —0.248%* 0.262%*
I — R 0.728%* 0.307%* -0.068 -0.053

SRR HIFIRLE0.05 7 0.01 K F-2EF B E. N

* and ** are significant difference at 0.05 and 0.01 level, respectively. The same as below
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Table 3 Variance analysis and broad heritability of five panicle architecture-related traits

T 1477 Mean square F{H F value P L (%)
. JEH 78 FLPR R < B8 FLPA Y 78573 JL P T < RS 5

Traits Genotype Environment GxE Genotype Environment GxE s

K PL 174.47 365.94 22.57 22.62%* 47 45%% 2.93%* 90.79
BN K PHL 947.99 3546.30 63.10 51.77%% 193.67** 3.45%* 94.61
FEAT 5 NCN 20.34 74.47 2.90 17.65%* 64.61%* 2.50%% 90.33

— A% NPB 1170.67 6192.78 115.42 36.33%* 192.17%* 3.58%* 91.90

e — B LLPB 69.80 138.21 9.56 21.58%* 42.74%% 2.95%* 90.24

GxE:Genotype x Environment

2.2 FEEBHEXMR QTL EAL (1) Sk b AT 3 5 Y @ik K) gPL3.2 1E
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QTLAA - () F5c KAB 4> BN 7.02%. 12.72% F 5.55%., &
SRR AH 19 14 4 QTL A3 F3(34~) .4 qPL7.1.gPL7.2.qPL8.1 1 qPL10.1 LUk, H4x 104
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Table 4 Summary of QTL for panicle architecture-related traits detected in this study

E2N Jeta ik 715 752 {37 (cM) Fric X [a] PIPREES(Mb) B STERER(%) IR
Traits Chr. QTL Environment  Position Marker interval Physical distance =~ LOD PVE Add
K 3 gPL3.1  2021GY 59.90 Sb035466~Sb035520 53.57~55.06 19.30 27.40 -2.62
PL gPL3.2  2021AS 63.20 Sb035549~Sb035554 56.02~56.09 4.09 6.87 -1.16
2020AS 64.50 Sb035556~Sb035611 56.09~57.32 5.56 8.43 -1.17
2020LD 67.70 Sb035578~Sb035622 56.29~57.42 3.14 5.19 -0.95
2020GY 65.20 Sb035592~Sb035599 56.69~56.95 13.16 19.16 -1.93
gPL3.3  2020AS 101.70 Sb036039~Sb036 101 68.03~68.98 3.23 4.44 -0.84
2021AS 102.20 Sb036039~Sb036101 68.03~68.98 4.09 7.02 -1.17
2020LD 102.80 Sb036103~Sb036104 69.03~69.05 4.05 6.28 -1.05
4 gPL4.1  2021GY 0.00 Sb046548~Sb046572 1.37~1.48 4.87 5.68 -1.19
gPL4.2  2020GY 3.60 Sb046612~Sb046631 2.23~2.83 3.98 5.15 -1.00
6 gPL6.1  2020AS 39.80  Sb0610495~Sb0610507  45.09~45.35 3.75 4.98 -0.89
gPL6.2  2020LD 50.40  Sb0610559~Sb0610624  47.17~48.33 3.86 6.50 -1.06
7 gPL7.1  2020GY 4940  Sb0712466~Sb0712517  61.47~62.15 4.62 6.03 1.09
2020AS 4940  Sb0712466~Sb0712517  61.47~62.15 9.01 12.72 1.44
2021GY 4940  Sb0712466~Sb0712517  61.47~62.15 427 4.96 1.12
gPL7.2  2021AS 53.60  Sb0712544~Sb0712554  62.78~62.92 3.54 5.93 1.09
2020LD 54.80  Sb0712548~Sb0712550  62.91~62.91 3.95 6.10 1.04
8 gPL8.1  2021AS 43.80  Sb0813577~Sb0813508  48.99~50.62 2.62 432 0.92
2020LD 44.00  Sb0813524~Sb0813584  49.58~51.03 3.60 5.55 0.98
2020AS 44.10  Sb0813480~Sb0813584  47.76~51.03 3.90 5.20 0.92
gPL8.2  2020GY 83.90  Sb0814023~Sb0814025  61.58~61.58 4.01 5.19 -1.01
9 gPL9.1  2021GY 0.60  Sb0914123~Sb0914124 0.37~0.55 3.49 4.02 -1.00
gPL9.2  2020LD 78.60  Sb0915233~Sb0915254  52.93~53.94 3.16 4.98 -0.94
2021GY 79.50  Sb0915254~Sb0915270  53.94~54.55 2.70 3.19 -0.90
10 gPLI0.]  2020GY 9.70  Sb1016007~Sb1016043  23.01~35.44 2.96 3.81 0.86
TR 1 gPHLI.I  2020LD 28.30 Sb01903~Sb01925 24.77~25.81 3.29 492 2.08
PHL 2020AS 28.70 Sb01903~Sb01925 24.77~25.81 472 7.13 2.40
2020GY 28.80 Sb01925~Sb01957 25.81~27.00 5.73 8.66 276
2021GY 28.80 Sb01925~Sb01957 25.81~27.00 3.03 3.77 1.92
gPHLI.2  2020AS 78.80 Sb012123~Sb012129 74.54~74.58 4.98 7.50 -2.45
2020GY 79.00 Sb012123~Sb012129 74.54~74.58 5.95 9.20 -2.83
2021GY 79.60 Sb012123~Sb012129 74.54~74.58 481 6.24 -2.46
2020LD 80.90 Sb012152~Sb012158 75.28~75.51 4.46 6.44 -2.37
3 gPHL3.1  2021GY 56.90 Sb035426~Sb035466 52.69~53.57 5.49 7.36 2.68
6 gPHL6.1  2020AS 67.20 Sb061080~Sb0610854  52.21~52.92 251 3.70 -1.73
gPHL6.2  2021GY 79.30  Sb0611237~Sb0611249  57.61~58.20 3.06 3.82 -1.93
7 gPHL7.1  2020GY 55.10  Sb0712548~Sb0712556  62.91~62.98 4.13 6.44 2.38
2020AS 5520  Sb0712548~Sb0712556  62.91~62.98 5.59 8.72 2.65
2021GY 56.00  Sb0712328~Sb0712556  58.85~62.98 7.59 12.02 3.44
2020LD 5620  Sb0712328~Sb0712556  58.85~62.98 7.53 13.82 3.49
8 gPHL8.1  2021GY 9.80  Sb0812842~Sb0812844 2.84~2.90 471 5.99 -2.43
gPHL8.2  2020AS 1470 Sb0812881~Sb0812905 3.28~4.60 3.17 4.84 -2.00
gPHL8.3 ~ 2020LD 81.40  Sb0813988~Sb0813997  60.76~60.99 5.96 8.89 -2.80
2021GY 82.40  Sb0813988~Sb0813997  60.76~60.99 2.84 3.67 -1.91
gPHL8.4  2020GY 85.50  Sb0814061~Sb0814062  62.05~62.05 4.06 6.01 -2.29
o R VE A 1 gNCNI.I  2020LD 58.30 Sb011739~Sb011746 63.33~63.56 442 7.39 -0.38
NCN 2020AS 66.60 Sb011779~Sb011847 63.30~64.73 3.31 5.76 -0.37
gNCNI1.2  2021AS 75.30 Sb012035~Sb012088 73.24~74.03 3.44 6.12 -0.32
2 gNCN2.1 ~ 2020GY 95.20 Sb023957~Sb024033 64.43~66.06 3.64 7.99 -0.45
3 gNCN3.I ~ 2020LD 20.80 Sb034865~Sb034969 4.67~6.99 3.93 7.22 0.37
4 gNCN4.1 ~ 2020AS 88.40 Sb048347~Sb048353 66.52~66.53 4.66 7.56 0.43
2020LD 88.40 Sb048347~Sb048353 66.52~66.53 3.95 6.56 0.35
6 gNCN6.1  2021AS 66.00  Sb0610882~Sb0610839  52.73~53.33 4.68 8.40 0.38
7 gNCN7.1  2020LD 4590  Sb0712406~Sb0712430  59.68~60.22 2.86 470 -0.30
8 gNCN8.1 2021GY 12,70 Sb0812825~Sb0812881 2.52~3.28 6.55 13.59 0.53
2020GY 13.70  Sb0812825~Sb0812881 2.52~3.28 6.96 13.72 0.60
2021AS 1420  Sb0812825~Sb0812881 2.52~3.28 8.14 15.17 0.52

2020LD 1430  Sb0812825~Sb0812905 3.28~4.26 6.24 10.68 0.46
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PER Rtk iR 75573 frE (M) FRic X ] PIPIEEE (Mb)  B{E TTERER (%) s
Traits Chr. QTL Environment  Position Marker interval Physical distance ~ LOD PVE Add
2020AS 1670 Sb0812825~Sb0812905 3.28~4.26 8.32 15.75 0.63

— AR 3 gNPB3.1  2020GY 4450  Sb035242~Sb035254 12.86~13.5 3.34 5.18 2.47
NPB gNPB3.2  2020AS 5220  Sb035389~Sb035395 50.62~50.72 2.51 4.62 2.15
2020LD 5220 Sb035389~Sb035395 50.62~50.72 7.56 14.46 3.87

4 gNPB4.1  2020GY 19.10  Sb046812~Sb046816 6.72~6.79 2.85 4.04 -2.18

gNPB4.2  2020LD 4510  Sb047636~Sb047553 44.12~48.97 3.07 5.72 -2.47

2020AS 4530  Sb047636~Sb047553 44.12~48.97 2.73 5.10 -2.30

gNPB4.3  2020AS  88.40 Sb048347~Sb048353 66.52~66.53 3.41 6.33 2.53

2020LD  88.40 Sb048347~Sb048353 66.52~66.53 3.54 6.44 2.59

gNPB4.4  2020GY  91.00 Sb048377~Sb048434 67.22~68.37 3.73 5.71 2.59

5 gNPB5.1  2020GY 32.30 Sb059299~Sb059335 60.02~65.69 3.70 5.34 -2.51

2020AS 32.30 Sb059299~Sb059335 60.02~65.69 3.59 6.71 -2.61

2021GY 32.30 Sb059299~Sb059335 60.02~65.69 4.41 8.46 -2.73

2021AS 32.30 Sb059299~Sb059335 60.02~65.69 4.64 7.77 -321

6 gNPB6.1  2021AS 5770 Sb0610677~Sb0610772  50.12~51.83 4.98 9.76 3.58

2020GY 58.00  Sb0610677~Sb0610772  50.12~51.83 434 7.19 2.90

gNPB7.1  2021AS 78.80  Sb0712235~Sb0712263  56.27~57.43 3.19 5.24 2.74

gNPBS.I ~ 2020AS 830  Sb0812824~Sb0812846 2.51~3.17 3.32 6.41 2.55

2021GY 830  Sb0812824~Sb0812846 2.51~3.17 6.26 12.62 3.34

2020GY 9.10  Sb0812824~Sb0812846 2.51~3.17 5.80 8.61 3.19

10 gNPBI10.1 ~ 2021AS 3530  Sb1016288~Sb1016294  55.31~55.34 2.59 421 235

K — kL 2 qLLPB2.1 ~ 2020GY 50.70  Sb023050~Sb023041 14.26~14.52 3.57 5.63 0.67
K 3 gLLPB3.1 ~ 2020LD 1220 Sb034809~Sb034816 3.16~3.25 8.66 13.30 -1.01
LLPB qLLPB3.2  2021GY 37.90  Sb035161~Sb035175 10.54~10.78 2.66 4.14 -0.54
gLLPB3.3  2021GY 60.10  Sb035466~Sb035520 53.57~55.06 8.48 14.30 -1.01

qLLPB3.4  2020GY 63.50  Sb035554~Sb035557 56.08~56.14 6.17 10.01 -0.90

gLLPB3.5  2020LD 76.60  Sb035622~Sb035737 57.42~60.19 6.95 12.10 -0.96

qLLPB3.6  2020AS 103.40  Sb036115~Sb036124 69.23~69.63 4.72 6.68 -0.64

qLLPB3.7  2021AS 11870 Sb036370~Sb036391 72.55~73.31 4.16 7.04 -0.77

6 qLLPB6.1 ~ 2020LD 4030 Sb0610495~Sb0610507  45.09~45.35 3.26 4.76 -0.60

qLLPB6.2  2020AS 59.00  Sb0610677~Sb0610772  50.12~51.83 4.87 8.26 -0.71

gLLPB6.3  2021GY 7740 Sb0610981~Sb0611205  54.59~57.26 4.68 7.91 -0.75

2020GY 77.60  Sb0610981~Sb0611205  54.59~57.26 2.53 421 -0.58

qLLPB6.4  2021AS 84.10  Sb0611297~Sb0611392  58.73~61.13 3.85 6.38 -0.73

7 qLLPB7.1 ~ 2021AS 53.60  Sb0712544~Sb0712554  62.78~62.92 2.90 4.50 0.62

2020AS 55.00  Sb0712550~Sb0712548  62.91~62.91 4.79 6.77 0.65

8 gLLPBS.I ~ 2020LD 43.80  Sb0813508~Sb0813577  48.99~50.62 5.96 8.97 0.83

2020GY 44.00  Sb0813524~Sb0813584  49.58~51.03 4.70 7.53 0.78

2020AS 4400  Sb0813524~Sb0813584  49.58~51.03 5.20 7.40 0.68

2021AS 4540  Sb0813480~Sb0813584  47.76~51.03 5.08 8.04 0.82

qLLPBS.2  2021GY 4890  Sb0813651~Sb0813683  53.51~53.80 3.42 5.39 0.62

gLLPB8.3  2020GY 80.20  Sb0813812~Sb0813988  58.25~60.76 2.99 4.95 -0.63

9 gLLPBY.I ~ 2021GY 72.00  Sb0915209~8b0915215  52.36~52.61 3.93 6.26 -0.67

10 gLLPBIO.I  2020AS 33.00  Sb1016269~Sb1016286  54.66~55.27 2.62 3.70 0.48

RN 9 TE AR 43 51 FCR R (S DA T 3% A BTx623 FILT 4T
Positive and negative additive effects refer to alleles from parents BTx623 and Hongyingzi, respectively; PEV : Phenotypic variance explained
SRR 10N QTL 0 BIEM T 1 3.77% ~8.66% . 6.24% ~9.20% H 6.44%~13.82% .
(24) 3116241 TAA) M4 YR FE2IAEE T RS 1) gPHLS. 300 T 8 5 YL Ak,
b EAANTHETHEWE A3 EEQTL L LODE MR TRk A7 [ 43 51 K 2.84~5.96 Fl
(qPHLI.1.gPHLI.2 M gPHL7.1) EM T 1 5M75  3.67%~8.89%. 3 > QTL (gPHLI.1. gPHL3.1 Fl
Jefa ik b, LOD{E I Bl 48 5K 3.03~5.73.4.46~5.95  qPHL7.1) {1 34 %0 25 o 3 K Sk 5 T 5% 4 BTx623,
F14.13~7.59, FI fiff B 2% AU T kR 038 B 4 B AR 7 QTL 3SR 0 LR IR TR AR LT 281
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5 R T BOR 56 19 8 A4S QTL 43 51l /@ 1 T 1 S fe K — A Y 18 4~ QTL 43l v T 2
(24).2(11) 314 4145 .6 (145 7L F (1) 3(74).6(44) . 7(14) 8(34) . 9(14-)Fl
S SYefalh b ZESAIEE BB 14 1000 Sk B 784D IREE T HSHEAI £ 47
Y QTL(¢gNCNS8.1) EAL T 8 5 QA fk I, il K T 85k QTL(¢LLPBS.1) , Hd K LOD{E I
LOD fi 1 2 B 5T Bk R 4 51k 8.32 1 15.75% , £ RIUTTHRR ST N 5.96 F18.97% ., #E2 BT T
2020 4F Ak 45 RN CE N FR S R KGN ) 2 4> QTL AR WIS QTL (¢LLPB6.3 #1qLLPB7.1) E i T
(gNCNI1.1 Fl gNCN4.1) , 2. LOD {24k {5 BBl o8 6 Sy ih M 7 S 4L @k |, LOD {43 51 4 2.53~
3.31~4.66, 1] fif FE 1 26 7 BTk K R 5.76%~7.56%.  4.68 F12.90~4.79 , H-FHI TTRk R I Bl 43501 4y 4.21 %~
4~ QTL (gNCN3.1.gNCN4.1 .gNCN6.1 F1gNCN8.1) ~ 7.91% F1 450%~6.77% - B% qLLPB2.1. qLLPB7.1,
PRy I Ak S5y PR SR T T3 A BTx623, Hiex4 N QTL  qLLPBS.1 . qLLPBS.2 Fl gLLPBI0.1 VL4, Hi4x 134

ARG RLAF LIE PR IR T R A LI T QTL FASE R AF AL AL PR AR IR TR A LT 2
Pl v 3 — AR R 114> QTL 23 5z 3 LR HEEL, 5 S AR A SC 9 QTL 4L 7 K 3

24) . 4(44) 5004 . 6(14) 714) B8UIAHFL 45 AN[EIAT QTLA i, HiH A 19 EH 2 QTL AV
101 Y afk o EADNIREE TEBERIN RN, EZ D IREEsc R s R 7 (B 1) . R4 QTL
T 5 S YR gNPBS.1, i K LODEHMERTT  ®EM 3N QTLALS MBI T 3.7 M8 YL afk I,
BRI R 4.64 F17.77%., (E3DIRBENEEN ] PR B R — OB A 5o 54~
T 8 YLtk b QTL(gNPBS.1) , Hifg R LOD  QTL —HUENLE 7 S YL (A 59.85~62.98 Mb [X Bt
AN T TTHR R 30 6.26 71 12.62%, 4D QTL b, F b BEAN K bl 15 50— AR 501 4 1 QTL
(gNPB4.1 .gNPB4.2 .qNPB5.1 1 gNPB10.1) W38 1E 85Ut ikny2.51~4.60 Mb [X B |83 , 1M 50w i
SRR TR AL R 7T A QTL AL W R R K — B 19 3 4~ QTL — EUE N7
AR IR TR A BTx623. T3 SYL KR 52.57~55.06 Mb [X B,
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Fig.1 Distribution of QTLs for panicle architecture-related traits on genetic map
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23 FEIPHREE QTLFIEEREFM

FRA FIRZE R A1 RF 1948 B st AL A S A 7
T SE R AT o R AR ik DR 2R 8580 2, 100 v
SEEL N ID R R A R SRR D Y R R I
SEA T ABFSEARGE L 76 194> QTL AL 5 Hh iy 12 4
BEAE X R B e T 13 MR R (£ 5) , 3

57K Hh s e R TR RN PR R R R DG R TR [
U MYB ¥ 53 [H T Sobic. 003G260300 L) % % 5% 5
= RAIK G HE M oy WI935 [ Sobic. 001G484200 /
Sobic. 007G 149200, H: 7K F [7] 5 3 [H 4> 5] A RGN1
(LOC 0s01g49160) F1 RGAl (LOC 0s05g26890)/
DEPI(LOC 0s09226999)

®5 EEQILRXEMFEEFEINEETRE

Table S Functional annotation of candidate genes in important QTL intervals

N ; o o KEGG E#
orL R L EhEAE EAR GOTEF¢ KEGG i
Gene Genomic location Orthologous gene Protein annotation GO annotation .
annotation

gPHLIL.2  Sobic.001G484200 Chr01: RGAI SERIKGEM 0031683, 0007186, K04640
75526130~75530742 (LOC 0s05g26890) oV Kk 0019001, 0003924

gPHL3.1  Sobic.003G202200 Chr03: LOG A A3 SR VR il K06966

gPL3.1 53189807~53194411 (LOC _0s01g40630)

qLLPB3.3

qPL3.2 Sobic.003G260300 Chr03: RGNI MYB # 5:H 0003677

qLLPB3.4 59812779~59814750 (LOC 0s01g49160)

gLLPB3.5

gNPB5.1  Sobic.005G143300 Chr05: OsChzl AR A 0046982
60679647~60688236 (LOC 0s11g34190)

gPL6.1 Sobic.006G089300 Chr06: SPI AN | 0006810,0016020,

gLLPB6.1 45893608~45897801 (LOC Os11g12740) 0005215

gNPB6.1  Sobic.006G171000 Chr06: OsSPL7 Squamosa izl T 0005634,0003677

gLLPB6.2 52741860~52745908 (LOC _0s04g46580) SEEN

gPHLG6.1  Sobic.006G182500 Chr06: OsKRN WD40 & 0005515

gNCNG.1 53762626~53766480 (LOC_0s04g48010)

qPL7.1 Sobic.007G149200 Chr07: DEPI RERIKGER 0007186,0005834,

gPL7.2 58010696~58016328 (LOC 0509g26999) y A3 0004871

GPHL7.1  §opic.007G 189000 Chr07: WIGI 97 RALNG K09602

gNCN7.1 62168847~62174483  (LOC_0s08g42540)

gLLPB7.1

gPHLS.1  Sobic.008G037300 Chr08: 0sCSLD4 RAY R AT 0003712,0009910

gNCN8.1 3535583~3536770 (LOC 0s12g36890)

gNPBS.2

gPL8.1 Sobic.008G 115000 Chr08: OsVIL2 PRC2E AR Sy 0005515

qLLPBS.1 52390176~52396758 (LOC 0s12g34850)

gPHLS8.3  Sobic.008G170500 Chr08: OsPID TERE AT 0004672,0006468,

qLLPBS.3 60472113~60473745 (LOC 0s12g42020) 0004713,0005524

qPLY.2 Sobic.009G176400 Chr09: EUII I ZE P450 0005506, 0016705,
53137542~53147354 (LOC _0s05g40384) L) ey 0020037, 0055114

3 e A, AL B AR TR, T AR R,
‘

SR IR T AR M X, AR RIEN 2 ), i
VURI 2200 Z BRAE AP O T IS NN R M X AR
AU, i R R AR A T e, R IE s
PSR T — A BPEIR . TR B i
FRT A , 224 b 14 e B ot il LA I R R
Tl R AT B e X 75 L IR L e

B8 b FPE BT B R R R, REA A R
R . P, TR SR R R A G PR AR QTL 2
B A7 B AEOR TR L F &5 R T AU
S FAT R PR 2 R ) ST

ABIFEH, 194> QTL AL R AEZ AP el 21k
PR A AN, o 12 A4 05 5 B R Y e 3R
FETUAH S QTL i B — B (] 1) 0510234 0 A i
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12, FE 84 QTL A A5 Y B4 X ] P sl B it
WoE Tk 2K . 7 F 6 5 Yk i) QTL i A5
(50.12~51.83 Mb) {3 7 — AR BN AS — A AR
KAHSEHT 24> QTL, Hirp 1 Mgk LA Sobic.006G17
1000 5 HIOK FEBEEB VAR 1) OsSPL7 He A [R5,
I HAZAL s 5 5 A BUE BE K 815 7 B (M35-1/
B35/ \BTx623/S.virgatum'*' ,654/LTR108"""’ E-Tian/
Ji2731% Fl CK60/P1229828% ) HI H 4k #f 1A
GWAS"" i QTL i 45 R —8. T 754
AR QTL 37 5 (58.85~62.98 Mb) fuf T K i
BB S — A AR AR DG 54~ QTL, 5
FI ] BTx623/1S3620C™> > M35-1/B35'”) | BTx623/
S. virgatum'® | 296B/IS185512% 4 A~ 1A (14 35 14 1
& L K2 SAP [ SRFEAR GWAS Y il i 3 J8 8 QTL &
PIEEE . FEIZNL S T ) 2 ML FE N (Sobic.007G
149200 F1 Sobic.007G189000) 43 5] 5 5 i /K A B 3
PR B DEPI A WTGI A R . DEPI &5 i 7K
TP i ) S S 2 R TR A e AR 1Y K B ol A
FEARSE | — R AEROE N R RLEION 2, AT i
BEKFEREP=7 i WTG1RES IPAT H AR, IEJHEK
FERRBIZEIN DEPI™Y . 78 8 S YL A A 2.51~4.60 Mb
X Bt b SR T A B — SR BN A G
4~ QTL, Hrp 455 1 LK Sobic.008G037300 55
IKFE OsCSLD4 FEH [R5, & 38 1o SR i S A i 4K
RN LT AL 25 A B B T, T MR g v pE AR TR 45
ZAVEIRP %07 55 654/LTR108 RS E S
I GWAS U RIE 45—, A, 76 4 R ARE
QTL A& P Tkl . 3 5 afk -
SRR AR R K — A ARG 24~ QTL 1k
15457 15,(52.69~55.06 Mb F156.02~57.42 Mb) 45 24>
fige 1% K2 A (Sobic. 003G260300 1 Sobic. 003G202200) ,
53 1) 5 5% ) 7K AR AR R B B9 RGNT 'l LOG %
PIVTRNR 17 55 A0 2 A0 T 8 5 e e R i B 37 4
I RIRAE T 2 A FE R R K — AR A 1 QTL 5
2B AR AR DG QTL , H BT 1) 2 M e Bk
Sobic.008G 1150001 Sobic.008G 17050043 )57k
T OsVIL2 #1 OsPID 3R [R5 . OsVIL2 B 38 3:f
ik OsCKX2 Fe 3538 hin— — YR B A %) | i OsPID
FERGE A PR AR K R iSRRI R TR E .
R 4 A HEEE QTL A% o 78 FLAth 5 SR AR A QTL
87 A LR TE B RT AR SR AT 27— H TR
QTL & A HEAR I S5 A Z2 0k U5 T [ S0l e SR b Al
T A 5 189 8 7 R AR ST AR =22 — T PR o 8 i 21
B rh AT R N —FE R BRI ] 5] — A e R

AW 5% I FH Sup-GBS Fi i H6 A A i = 2% &1 3
RE A% 5 1or ) B 2 A A OC QTL, 1M H Hir 4z 38 /Y 5 32
T QTL 22 37 2 % H 1% 48 i) AFLP RFLP #il SSR
I
5K REAH BT, 52 i) v SRR R 14 D g

FRIBIFFE AR I, B AT 8 AR S SR TR ) e
EMIIBERUE . A T UE— K5 55 AR WF R ]
REA e SE IR, I Sofe b A 7 o AR (0] 7 91 22 S 43 i
TR P e RN 2840, FF R Rebsic, F
FEIH i ) T BEIG U LT RE

4 #ig

ABFFERIH QTL E L, 75 5 AP F g {2l
14 10 I 8RB 2 11 4>— 2k
REHRCRT 18 e K — JUBE R AH G B QTL . 7EZ A
IR E T 19 DN E 2 QTL AL, W R B
13 /> AT A il v SRR A S PR A e 2R IR, O T
— 25 I Rk 6 S B [N e [ R A AL B 0 A 4R £
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