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Abstract: Quality trait is an important index to measure the forage quality, which plays an important role in the directional
improvement and variety breeding of forage. High-quality forage grass can effectively improve the feeding efficiency of livestock and
promote the sustainable development of animal husbandry. In this study, using 150 F» individuals of Sorghum sudangrass hybrrid and
their parents as materials. the QTL analysis was performed on five nutritional quality traits WSC, NDF, ADF, P and K by interval
mapping methods in four different environments based on the previous constructed high density genetic linkage map of Sorghum
sudangrass hybrid. and the candidate genes related to these traits were also screened within the confidence interval. The results showed
that a total of 198 QTLs were detected with the threshold of LOD>3 of which 16 QTLs were repeatedly detected in different
environments, The 16 stable QTLs mainly distributed on LG3, 4, 6, 7 and 8, with a single contribution rate from 10% to 13.7%, of

which seven were major QTLs ( PVE > 10% ), including one QTL related to WSC content, three related to ADF content and three for
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K content. In addition, 13 candidate genes related to quality traits of Sorghum sudangrass hybrid were screened by gene prediction and
functional annotation. It will provided theoretical basis and new ideas for further molecular breeding and functional gene research of
Sorghum sudangrass hybrid.
Keywords :Sorghum sudangrass hybrid; quality traits; QTL mapping; candidate genes
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Fig.1 Correlation analysis of five quality traits of Sorghum sudangrass hybrid
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Table.1 Phenotypic analysis of quality traits of Sorghum sudangrass hybrid

in different environments

R 28 SEA Parents E2BfK Fapopulation
Traits Environments S e G2 LRGSR KM RUME BiE FRdEE i W BRRE
Scattered ear Red hull Max Min Mean SD Skewness  Kurtosis CV (%)
sorghm sudangrass
T2 (%) 2021-H 0.30 0.25 0.38 0.12 0.27 0.05 -0.39 0.01 18.52
P content 2021-T 0.37 0.41 0.42 0.24 0.35 0.03 -0.64 0.75 8.57
2022-H 0.43 0.45 0.50 0.29 0.42 0.04 -0.88 0.76 9.52
2022-T 0.38 0.41 0.43 0.21 0.33 0.04 -0.49 0.32 12.12
Al PR K A 2021-H 13.34 11.55 16.82 2.35 10.03 3.03 -0.44 -0.54 30.21
B E (%) 2021-T 14.01 9.87 15.80 5.34 9.30 231 0.76 0.23 24.84
WSC content 2022-H 7.43 6.31 12.62 2.15 6.48 245 0.36 -0.39 37.81
2022-T 5.14 7.38 14.99 2.85 8.13 2.64 0.42 -0.09 32.47
rpk e 2021-H 62.16 57.08 72.57 54.59 63.94 3.96 0.04 -0.55 6.19
YT (%) 2021-T 66.78 63.14 70.91 60.73 66.20 223 -0.10 -0.39 3.37
NDF content 2022-H 65.34 66.98 74.67 62.47 68.46 2.53 -0.02 -0.31 3.70
2022-T 68.14 65.51 7221 59.90 65.84 2.56 -0.01 -0.58 3.89
[izacv A7 2021-H 37.76 33.73 52.62 32.66 41.42 4.80 0.51 -0.63 11.59
Y (%) 2021-T 42.48 40.67 48.53 39.18 43.69 2.08 0.16 -0.62 476
ADF content 2022-H 43.12 45.34 50.93 40.26 45.77 2.33 -0.12 -0.54 5.09
2022-T 45.18 45.94 48.76 37.53 43.89 2.44 -0.49 -0.35 5.56
SR (%) 2021-H 2.38 2.61 3.35 2.04 2.62 0.24 0.02 -0.03 9.16
K content 2021-T 2.29 243 3.05 1.52 2.47 0.28 -0.53 0.26 11.34
2022-H 2.33 223 2.82 1.90 2.45 0.15 -0.35 0.94 6.12
2022-T 2.38 2.85 2.86 2.11 2.51 0.13 -0.09 0.60 5.18

MR FTT 2 MR, AR FERU R PR P& & WSC & & . NDF & &. ADF &M K & &1
AR ZF TN (P<0.01); 4 BEFIAPRIAE ELALRNIN it BT IER WSC &5 . NDF &5, ADF S 8M K &E%
PUONFL S, %P SRILEZERmN (£2)
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Table 2 Two-way ANOVA of the effects of year and material on quality traits
LRI pos:] R B ¥175
F P
Traits Treatments Sum of squares Degree of freedom Mean square
Mo IR 1.144 1 1.144 568.733 0.000
P content ek 1.119 151 0.007 3.681 0.000
0.001 0.382 1.000

FERE B 0.116 151
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E2N bt FI7 A HiZ Sy

Traits Treatments Sum of squares Degree of freedom Mean square : g
ATVA LR K IR 1324.212 1 1324.212 549.914 0.000
Moot g 3710.689 151 24.574 10.205 0.000
WSC content AR P b 686.605 151 4.547 1.888 0.000
o Ve v TR 998.238 1 998.238 269.445 0.000
Yo W 4498.743 151 29.793 8.042 0.000
NDF content FERE xR 1017.303 151 6.737 1.818 0.000
R P IR 1245.170 1 1245.170 326.226 0.000
YA ek 3946.779 151 26.138 6.848 0.000
ADF content FERE 2374.859 151 15.728 4.121 0.000
B4 TR 0.989 1 0.989 45.776 0.000
K content Wk} 17.608 151 0.117 5.400 0.000
FERE L 5.399 151 0.036 1.656 0.000

W P>0.05 BoRAEZE, P<0.05 REFE, P<0.01 FREF.

Note: P>0.05 means not significant, P<0.05 means significant, P<0.01 means extremely significant.
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Table.3 QTL mapping results of quality-related traits

E2IN HEGTF QTLAE FRid 2R LODf§ TTHRE
Traits QTL Linkage group QTL position (cM) Marker Environment LOD value PVE (%)
e Op-3-5 LG3 170.22 mk1468-mk1471 2021-T 3.71 10.9
P content 2022-T 3.25 9.5
Op-3-6 LG3 171.22 mk1471-mk1472 2021-H 3.25 9.5
2021-T 3.94 11.4
2022-T 3.70 10.7
Op-3-7 LG3 171.57 mk1472 2021-H 3.20 9.5
2021-T 3.72 10.8

2022-T 3.57 10.4
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PEIR PR QTLA & Frid 28 LODfH DUk
Traits ot Linkage group QTL position (cM) Marker Environment LOD value PVE (%)
TR R K Owsc-3-1 LG3 106.76 mk1371-mk1372 2021-T 4.45 12.8
HEWE 2022-H 4.10 11.8
WSC content 2022-T 3.28 9.6
Qwsc-3-2 LG3 107.76 mk1371-mk1372 2021-T 479 13.7
2022-H 4.40 12.6
2022-T 3.53 10.3
Owsc-3-3 LG3 108.76 mk1371-mk1372 2021-T 421 12.1
2022-H 3.88 11.2
2022-T 3.10 9.1
Qwsc-3-4 LG3 109.40 mk1372- mk1375 2021-T 3.65 10.6
2022-H 3.37 9.8
R e Ondf-6-1 LG6 17.65 mk2816 2021-H 3.26 9.5
CFYE S B 2021-T 3.59 10.4
NDF content Ondf-7-3 LG7 177.62 mk3625 2021-H 3.59 10.4
2021-T 3.68 10.7
2022-T 3.19 9.3
PRt e Qadf-4-1 LG4 73.03 mk1753 2021-H 3.86 11.2
EF s 2021-T 3.44 10.0
ADF content Quadf-6-2 LG6 17.65 mk2819 2021-H 3.01 8.8
2021-T 3.72 10.8
Qadf-7-1 LG7 161.22 mk3568-mk3572 2021-H 3.50 10.2
2021-T 3.58 10.4
Qadf-7-2 LG7 161.89 mk3576 2021-H 3.53 103
2022-H 4.26 123
S Ok-6-3 LG6 131.31 mk3042 2022-H 4.07 11.8
K content 2022-T 3.77 10.9
Qk-6-4 LG6 134.98 mk3043- mk3044 2022-H 4.36 12.5
2022-T 411 11.9
Ok-8-1 LGS 234.43 mk4483 2021-H 3.88 11.2
2022-H 3.64 10.6
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Fig.2 Distribution of stable QTLs for each trait
221 PEE MIEPEEIREQTLsA 31, Qp-3-5. Qp-3-641Qp-3-7, 3/ it BAR I #1472 TLG3 £, LOD
fHTE3.2~3.942 0], BAANREITTERAEIEI.5S%~11.4%2 0], Z¥EH| S HEPA KA EQTLs, ', Qp-3-6
HMIQp-3-7¥I AT AE = A IESFAF T AR, 2 ZIABF BN P& BAH KA A, T Qp-3-57E P IR B b o
M, R TTHREE 7095 910.9%H19.5% .
222 WSCEE HIZEHEMTHEWSCE B EQTLsILA 41, B TLG3 L, FRQwse-3-44t, HRALHAE=
AFAEE (2021-T. 2022-H. 2022-T) ¥Rz, HrhQwse-3-20 R M TTHRZHIIE10% A |, 4% &t
FHWSCH &1 RMQTLs,
223NDFEE ZEHINDFE & IQTLsH 24 (Qndf-6-1F1Qndf-7-1), Qndf-6-17£2021-H. 2021-T.
2022-T=ANIREE P 2], P RBTTERA ) 5 99.3% 10.3%F110.7%, AL U2 B 2= 5200
BN, RFEMQTLAL AL .
224 ADFE 8 HiZ& T HEADF & B EQTLs L H 44, T EH M AEV LGS (Qadf-4-1). LG6
(Qadf-6-2) MILG7 (Qadf-7-1. Qadf-7-2) I, BkQadf-6-24F, H AL &AM A RR TTHk R I TE10%LL L,

LOD{E VI 7E3.44~4.262 18], R4EH]E T ADFA ) £ QTLs.



225K &8 HE K SEMEE QTLs 34 3 4 (Qk-6-3. Qk-6-4 Al Qk-8-1), 204 TEHEE LG6 F1 LGS
F, BRASRBITTRE I 10% 0L b, R&EHlEF 5 K &R0 E24 QTLs, Hr Qk-8-1 fEPH /M5 (2021-H.
2022-H) WG HY, BAASRATTEREAN 11.2%M1 10.6%, MAEFREE 2022-H F1 2022-T = [5] F#601 2] Qk-6-3
A Qk-6-4, LOD {HEHI{E 3.77~4.36 Z i), PAMEFTTHRE>10%, Kk, =HFH ARSI K FEMX
2L QTLs.
2.3 RIEEFERITHIE

MR TR 5 ASE IR IR E AL S5 R, IR S A OG220 QTLs, K E AL R IX 8] 5 s e 5 % Jk
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Table. 4 Candidate genes within QTL loci for quality-related traits

ERN R QTLA K Fric X 8] ok i HE A TRETERE
Character Linkage group QTL name Maker interval Candidate gene Function description
AR S & LG3 Owsc-3-2 mk1371-mk1372 LOC8058267 W - 6 -BEIR 1 -2 7] A4 g
WSC content LOC8069810 CUR -2
LOC8062161 6 - AU G 6
LOC8062170 CURHME- 6
LOC8079789 TR W S
LOC8056099 FpE - 1
LOC8081321 LRS- 3
TRtk ais S 4 45 LG4 Qadf-4-1 mk1753 LOC8074774 ESBEAN N
ADF content LG7 Qadf-7-1 mk3568-3572 LOC8064038 22 BRI AR B A
LOC8064032 #3534 [N-FbHLHI
e LG6 Qk-6-4 mk3043-mk3044 LOC8072046 P IE A1
K content LOC8075232 L IE AR 19

LOC8075862 M B FIEIEKOR2
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