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QTL Identifying for Panicle Architecture-Related Traits in Sorghum
Based on High-Density Genetic Map
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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 six 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 (2), 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 WTG1. 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

LGN 28!S SEAS Parents RIL £ RIL population
Trait Environment  BTx623 Ak B/ ME SON | TEIME hEE BRARHT )% 697
Hongyingzi ~ Minimum  Maximum Mean SD CV (%) Skewness Kurtosis
ik 2020GY 28.47 33.60 21.07 42.20 30.16 4.19 13.88 0.091 -0.267
PL (cm) 2020AS 27.50 33.44 22.80 42.17 31.60 3.84 12.16 0.209 -0.296
2020LD 28.54 31.61 20.97 40.83 29.96 4.08 13.63 0.053 -0.466
2021GY 28.75 33.75 19.83 45.17 30.30 475 15.67 0.465 -0.045
2021AS 27.17 32.83 23.33 43.00 31.49 4.17 13.25 0.300 -0.413
TR 2020GY 45.33 57.23 27.67 83.53 53.11 9.06 17.06 0.415 0.742
PHL (cm) 2020AS 45.83 59.90 34.10 83.90 53.25 8.66 16.26 0.412 0.282
2020LD 42.70 51.10 27.60 73.27 49.95 8.69 17.40 0.127 -0.317
2021GY 44.33 54.17 31.50 82.17 54.85 9.58 17.47 0.212 -0.140
2021AS 44.00 53.50 24.13 74.33 49.18 8.82 17.92 0.218 0.071
Tl 15 2% 2020GY 8.33 8.67 5.33 13.67 9.63 1.60 16.59 -0.149 0.003
NCN 2020AS 9.00 9.67 5.33 14.00 9.30 1.60 17.20 0.056 -0.224
2020LD 9.67 10.00 5.00 13.33 937 1.44 15.37 -0.088 0.188
2021GY 9.33 9.67 5.67 13.33 8.99 1.34 14.92 0.319 0.416
2021AS 9.00 10.00 5.00 12.33 8.72 132 15.14 -0.196 0.055
— R AL 2020GY 55.00 49.00 31.67 86.67 54.72 10.55 19.27 0.483 0.138
NPB 2020AS 51.00 47.67 32.67 88.67 54.80 10.73 19.58 0.797 0.633
2020LD 4533 4333 28.00 94.00 48.96 10.70 21.85 1.198 2.307
2021GY 52.67 4733 26.00 79.00 48.79 9.45 19.37 0.357 0.443
2021AS 53.00 47.33 31.00 88.67 54.45 10.88 19.98 0.656 0.585
K — AR K 2020GY 8.60 13.93 8.03 24.77 14.29 2.82 19.75 0.375 0.399
LLPB (cm) 2020A8 12.50 14.67 7.43 21.40 13.79 2.40 17.38 0.332 0.104
2020LD 11.70 14.67 6.90 19.50 13.27 2.75 20.74 0.202 -0.458
2021GY 10.83 15.17 4.50 20.50 13.30 2.78 20.91 0.160 0.079
2021AS 12.00 15.83 7.17 20.83 13.12 2.66 20.24 0.269 -0.056

2 RIL B 5 NMEREXMHREE X SR

Table 2 Correlation analysis for five panicle architecture-related traits in the RIL population

7% ERTN ik TR Tl 5 %0 — R
Environment Trait PL PHL NCN NPB
2020GY A PHL 0.376%*
FEAITTE NCN 0.152% -0.142%
— B E NPB -0.043 -0.212%* 0.558%*
K —HBAEK LLPB 0.678** 0.285%* -0.099 -0.189%*
2020AS K PHL 0.370%*
FHL 1% NCN 0.134 -0.199%*
— % NPB 0.059 -0.192%* 0.294%*
K —RBAEK LLPB 0.669** 0.375%* -0.131 -0.196%*
2020LD A PHL 0.367**

T NCN 0.183%* -0.093




— Y AEE NPB -0.005 -0.272%* 0.368%**

K —HBAEK LLPB 0.729%* 0.302%* 0.017 -0.212
2021GY MK PHL 0.223*
AT H NCN 0.198** -0.133
— R BEE NPB 0.253%* -0.205%* 0.460%*
K —RBAEK LLPB 0.739%* 0.113 0.082 0.085
2021AS A PHL 0.288%**
FAATH NCN 0.134 -0.203%*
— RS NPB 0.131 -0.248%* 0.262%*
RK—ZHAEK LLPB 0.728** 0.307%* -0.068 -0.053

*FF* Y BIFRRTE 0. 05 F1 0. 01 KFERZE,

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

PR )77 Mean square F {4 F value InS i
Trait HE[H A 8 LR 7 X 3 8 HE[H A 8 LR 7 X 3 8 b (%)
Genotype Environment GXE Genotype Environment GXE

K PL 174.47 365.94 22.57 22.62%* 47.45%% 2.93%* 90.79

MK PHL 947.99 3546.30 63.10 51.77%* 193.67%* 3.45%% 94.61

A% NCN 20.34 74.47 2.90 17.65%* 64.61%* 2.50%% 90.33

— R BEE NPB 1170.67 6192.78 115.42 36.33%* 192.17#* 3.58%* 91.90
K—R K LLPB 69.80 138.21 9.56 21.58%* 42.74%* 2.95%* 90.24

*FN*k4> R FRRAE 0. 05 F1 0. 01 K ERBE.

* and ** are significant at 0.05 and 0.01 probability level, respectively.
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MRAIGIRR R A 4.64 1 7.77%. 1€ 3 DI NEE M BN T 8 T4tk Fi) QTL (¢NPBS.1), Hi Kk LOD
HAFRTTERF N 6.26 F1 12.62%. 4 > QTL (gNPB4.1. gNPB4.2. gNPBS.1 Fl gNPB10.1) 3855 %57 3
PRIRIE TSR AL T, HAR 74 QTL (M54 8055 ALHE R RIS 15K & BTx623.
SO B — B 18 A QTL 73 AA2 T2 (1D 3 (T4 6 (A 7 (14D, 8 (34D, 9
(1) A0 (1) FHfk o 78 4 DS AR BIAL T 8 ‘54 (k¥ gLLPBS.1, Ff K LOD fHAM
KMTTERE Y 5.96 F1 8.97%. 1E 2 NIEG N Hyfarill 2] ()~ QTL (gLLPB6.3 M1 gLLPB7.1) ENiT 6 54k
AR 7 SYh ik B, LOD B4 5IA 2.53~4.68 Fil 2.9~4.79, F-4 B RER AR BE N 4.21%~7.91 % 1
4.5~6.77% . % qLLPB2.1. qLLPB7.1. qLLPBS.1. qLLPBS.2 1 gLLPB10.1 VL4b, H: 4 13 4~ QTL Kk
AL R B TSR AR AT
LELEL 5 5 MRS QTL ¥ K3 45 ANAFE B E AL A Hbd 19 ML RTE 2 AR ER
PR BRI E AL (B 1), B4 QTL K 3 ML AL T 7 M8 (24 Jetufk b i,
WG e — JOR R BT B 12 A QTL —BUE FL7E 7 T4tk 59.85~62.98 Mb X Bt L, il
WAL R HO — RS0 10 /> QTL ££ 8 S 4L (AR 2.51~4.60 Mb X Bt B E &, 150 A A iR
K=K 7 A QTL —8Uh T 8 5tk 1] 47.76~51.03 Mb [X B¢«

Fz 4 SEIEXMR OTL BAERLCE
Table 4 Summary of QTL for panicle architecture-related traits detected in this study.

RN et fh BLA 2824 B FRic X 8] Ly B 1E TRE IR
Trait Chr. QTL Env. Pos.(cM) Marker interval Phy.(Mb) LOD PVE (%) Add
(2SS 3 qPL3.1 2021GY 59.90 Sb035466~Sb035520 53.57~55.06 19.30 27.40 -2.62
PL qPL3.2 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
qPL3.3 2020AS 101.70 Sb036039~Sb036101 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 qPL4.1 2021GY 0.00 Sb046548~Sb046572 1.37~1.48 4.87 5.68 -1.19
qPL4.2 2020GY 3.60 Sb046612~Sb04663 1 2.23~2.83 3.98 5.15 -1.00
6 qPL6.1 2020AS 39.80 Sb0610495~Sb0610507 45.09~45.35 3.75 4.98 -0.89
qPL6.2 2020LD 50.40 Sb0610559~Sb0610624 47.17~48.33 3.86 6.50 -1.06
7 qPL7.1 2020GY 49.40 Sb0712466~Sb0712517 61.47~62.15 4.62 6.03 1.09
2020AS 49.40 Sb0712466~Sb0712517 61.47~62.15 9.01 12.72 1.44

2021GY 49.40 Sb0712466~Sb0712517 61.47~62.15 4.27 4.96 1.12
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qPHLG.1
qPHLG.2
qPHL7.1

qPHLS.1
qPHLS.2
qPHLS.3

qPHLS.4
gNCNI.1

gNCNI.2
gNCN2.1
gNCN3.1
gNCN4.1
gNCN6.1

gNCN7.1
gNCNS.1

gNPB3.1
qNPB3.2

gNPB4.1
qNPB4.2

qNPB4.3

qNPB4.4
gNPB5.1

gNPBG6.1

gNPB7.1

2021AS
2020LD
2021AS
2020LD
2020AS
2020GY
2021GY
2020LD
2021GY
2020GY
2020LD
2020AS
2020GY
2021GY
2020AS
2020GY
2021GY
2020LD
2021GY
2020AS
2021GY
2020GY
2020AS
2021GY
2020LD
2021GY
2020AS
2020LD
2021GY
2020GY
2020LD
2020AS
2021AS
2020GY
2020LD
2020AS
2020LD
2021AS
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2020AS
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2020GY
2020GY
2020AS
2021GY
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2021AS
2020GY
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53.60
54.80
43.80
44.00
44.10
83.90
0.60
78.60
79.50
9.70
28.30
28.70
28.80
28.80
78.80
79.00
79.60
80.90
56.90
67.20
79.30
55.10
55.20
56.00
56.20
9.80
14.70
81.40
82.40
85.50
58.30
66.60
75.30
95.20
20.80
88.40
88.40
66.00
45.90
12.70
13.70
14.20
14.30
16.70
44.50
52.20
52.20
19.10
45.10
45.30
88.40
88.40
91.00
32.30
32.30
32.30
32.30
57.70
58.00
78.80
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Sb0712548~Sb0712550
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