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QTL mapping analysis of 10 important traits in
Sorghum-Sudangrass hybrid

FANG Yong-yu, YU Xiao-xia, YU Zhuo,SHI Yue,XIE Rui

(Agronomy College , Inner Mongolia Agricultural University  Huhhot , Inner Mongolia 010019, China)

Abstract; [Objective] This study identified the QTLs of important agronomic traits of Sorghum-Su-
dangrass such as hydrocyanic acid content, stem-leaf ratio and tiller number to provide the basis for the fur-
ther study of molecular assisted breeding of Sorghum-Sudangrass. [ Method) Sorghum bicolor, Sorghum
sudanense and Sorghum-Sudangrass hybrid F, population were selected as materials. Based on the construc-
ted high density genetic linkage map of Sorghum-Sudangrass,the QTLs of 10 main traits including hydro-
cyanic acid content, plant height,stem diameter,leaf number,leaf length,leaf width,stem-leaf ratio,spikelet
length,dry weight per plant,and tiller number were identified and analyzed using MQM QTL models. [Re-
sult] The measurements of 10 traits of Sorghum-Sudangrass hybrid F, population showed a normal distri-
bution,indicating that they could be used for QTL analysis. A total of 24 QTLs were identified and they
distributed on 9 linkage groups except LG X, with the contributions of 6. 1% to 43. 6%. Of all the 24
QTLs, the numbers of QTLs controlling hydrocyanic acid content, leaf number, tiller number and dry
weight per plant,stem diameter,leaf length.leaf width,panicle length and stem-leaf ratio,and plant height
were 2,1,1,1,3,3,3,3,3,and 4,respectively. [Conclusion) A total of 24 QTLs were located for 10 impor-
tant traits of Sorghum-Sudangrass on the constructed high-density molecular genetic maps.
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Table 1

Observation of agronomic traits

Agronomic traits

AL BT

Standard of the traits recording

Fkk T Fi /g Dry weight per plant
#1 /cm Plant height

M %t Leaf number

M4 /em Leafl length

-5 /em Leafl width
22 Y, Stem-leaf ratio

Z2M /cm Stem diameter
4y BERL Tiller number
K /cm Panicle length

BA T J5 PRk FR i i Dry weigh of single plant after air-dried

AR R 1 R 2 Ml 1 A 55 ¥ Maximum plant height from ground to ear tip
A E £ 22 F B8 Total number of main stem leaves after heading date
TN BI85 2 M AR Leaf length of the penultimate leaf under spike
TR BI85 2 A 98 Leal width of the penultimate leaf under spike

B3 T i Bk 1Y 42 AR 22 AT BT R S e A B 2

Weigh rate per single plant of stem and leaves before air-dried

Bk EZEMN

B4 Plant diameter of the main stem

PR B R BRI JC 3250 The number of effective and invalid stems per plant
M FE R BB i K B Maximum plant length from spike tail to ear tip
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Table 2 Analysis of 10 traits between Sorghum-Sudangrass parental lines
LA BEAR
Ptk Male parent Female parent X1
Trait IEFN: Fe/ME -1 {E &S RRMHE e/ME 1 &S t-value
Maximum  Minimum Mean Kurtosis Maximum  Minimum Mean Kurtosis
EXNss
(mg+ kg™ 1) 33.5 26.1 30.9+2.1 7.4 149. 0 126.1 138.2+7.4 22.9 —62.4""
CN™ content
PR Bih/ g
Dry weight 289.9 224.0 256.3420.2 65.9 336.9 225.5 284.3428.3 111.4 —3.6""
per plant
BRiF/cm . ) 5
. 219.6 202.1 209.1£5.1 17.5 398.7 335.4 359.3+15.2 63. 3 —41.9
Plant height
RS 11.0 7.0 8.9%1.2 4.0 12.0 8.0 11.2+1.4 4.0 —5.4
Leaf number
4/
tIC/em 89.5 64.7 74.8%+6.9 24. 8 76.7 53.4 65.2+5. 1 23.3 5.0 %
Leaf length
T/
5L/ em 5.2 3.2 4.040.8 2.0 7.9 5.1 6.541.2 2.8  —7.8%*
Leaf width
2t
‘ZIH: . 3.0 1.9 2.1£0.3 1.1 3.2 2.0 3.040.2 1.2 —6.9
Stem-leaf ratio
254/ cm - ) ) .
. 2.8 1.5 2.0£0.3 1.3 3.1 2.3 2.7£0.3 0.8 —7.4""
Stem diameter
SNEE R
}}*ﬁ 7.0 4.0 6.34+0.9 3.0 4.0 2.0 2.840.7 2.0 13.7
Tiller number
B /em 28.5 21.1 23.5+1.8 7.4 36.1 31.0 33.6+2.4 5.1 —15.1

Panicle length

Heox M« R HIERIRTE P=5% M P=1% K V2R E%.

Note: ¥ and * * show significant difference at P=5% and P=1% levels respectively.

M2 2 T2 AS2RARE Y 10 PR R 2] T
el 35 22 57 (P<C0. 01) , 3R B 2 AR A [|] 4% PR 3%
A
2.2 BAETL BEHERSHT

HIE 2,38 3 PN 1 n] WL 76 i P o B, MR

10 > = 2R B E R A T XOE - B (B 2 6] o A
YU B 28 76 X% 1 [ 22 Ak o 25 PR 00 e i 22 otk i
Lo o i HE W J3E Y 28 X (BB /N T 1, 5% 2 ol A A%
22 56 DR 4 0 PRy SR O3 A BV AR DE A 0 A L 3R
W15 10 A PRI i E RS T QTL E AL 734

R3 BREF #EI0MERHNVELER
Table 3 Calculated results of 10 traits in Sorghum-Sudangrass hybrid F, populations

ETN IEFN] Fe/ME ¥ifE e 2 g i i £

Trait Maximum Minimum Mean Kurtosis Kurtosis Skewness
Sﬁ%;ii“mg ke ) 158. 8 10.5 79.9424.5 148. 3 0.838 0. 046
i’fiigﬁr Dlant 108. 3 156.5 277.9444.2 251. 8 0.613 0.213
Bk /cm Plant height 413.5 200.0 325.5437.2 213.5 0.171 —0.422
A %% Leaf number 13.0 6.0 9.8+1.6 7.0 —0. 363 0.256
I /cm Leaf length 90. 8 52.1 69.9+6.8 38.7 —0. 086 0.472
% /em Leaf width 8.1 2.9 5.5+1.1 5.2 —0. 480 —0.212
220t [ Stem-leaf ratio 3.3 1.8 2.640.9 1.5 —0.063 —0.064
ZEH/em Stem diameter 3.5 1.4 2.5+0.4 2.1 —0. 304 0.131
2y BE%L Tiller number 8.0 1.0 4.1%1.6 7.0 —0.483 0.202
F K /cm Panicle length 37.9 20.5 29.843.1 17. 4 0.461 —0.173
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Table 4 QTLs message controlling and their effect of 10 traits in Sorghum-sudangrass F, population

s &1/ cM v e == N N
N X QTL I I 3 . BAETT MR RN .
N Xl LOD s — Distanc N BHE(d/a .
ek fg EOWELODHE g g sance gy () @ BRI
. Linkag LOD . from the L . . Dominance . .
Traits QTL G i ! Position Nearest " Genetic Additive Dominant q Gene action
Toups vaiue of QTL marker NEArest - ontribution  effect effect cgree
marker
HEmEE cnl V 2.89 60. 0 P8M61-366 0 7.4 —2.50 6.90 —2.76 OD
CN— content en2 VI 2.75 94.7  P2M65-120 0 8.6 —6.80 4.11 —0.60 PD
TR
Dry weight dspl vV 3.31 52.6 P28M50-800 0 9.7 8.50 10. 71 1.26 OD
per plant
phl 1 3.09 30,5 P16M93-600 0 9.5 1.04 1.52 1. 46 OD
M ph2 1 3.90 72.3 P3M52-200 0 14.7 0.58 0.27 0.47 PD
Plant height ph3 I 2.53 103.0 P29M93-910 0 7.5 15.6 4.29 0.28 PD
ph4 I 4,78 101.1 P17M59-280 0 7.3 3.54 —1.56 —0.44 PD
p ”
I ejnﬁu%fber Inl 1 3.12 66. 1 P3M52-700 0 23.7 0.55 —0.05 —0.09 A
11 v 3.28 60. 6 P28M50-400 0 43.6 —12.18 10. 01 —0.82 D
T
I eqfﬂ?xglh 112 v 4,68 34.0 P23M53-760 0 5.6 4,85 24.39 5.03 OD
113 X 2.53 4.8 P8M61-300 0 15.2 5.66 9.51 1.68 OD
lwl W 3.26 9.3 P46M104-100 0 11.6 0.21 —0.59 —2.81 OD
M- 5%
Ica]j-v}?idth lw2 W 3.38 5.0 P46M104-100 4.7 17.2 0.23 —0.73 —3.17 OD
w3 X 3,44 1.7 P8M61-300 0.1 18.9 —0.95 —1.70 1.79 OD
slrwl 1 3.76 34.0 P39M91-105 0 18.1 0.81 1.14 1.41 OD
S B
= +H: slrw2 1 4. 60 95.4 PA6M104 0 9.2 0.29 0.87 3.00 OD
Stem/leaves 220
slrw3 v 3.21 11.8 P46M94-300 0 6.7 0.47 0.28 0. 60 D
) sdl I} 2.74 24.0 P13M53-230 0 9.5 0.10 0.20 2.00 OD
Stemédiﬂimeter sd2 Il 2.94 22.2 P13M53-230 1.8 16.0 0.11 0.29 2.64 OD
sd3 VI 3.14 22.0 PIM63-610 0 6.1 —0.24 —0.48 2.00 OD
gk
'l‘illﬁf{iﬁber tnl vV 2.93 58.8 P16M99-690 0 11.8 1. 36 2.54 1.87 OD
pll \I 2.98 10.5 P29M93-690 5.0 31.0 —5.25 —6.14 1.17 D
i
Panijlu;Ll\ength pl2 M 3.46 17.2 P28M50-250 1.7 25.3 4.92 —6.55 —1.33 OD
pl3 W 3.50 15.5 P28M50-250 0 9.4 5.01 —6.59 —1.32 0D

A IPEC d/al =0~0.20) s PD. 343 B4k ([ d/al =0.20~0. 80) ;D. @ ([d/al =0.81~1.20);0D. B IEC|d/a| >1.20),
Note: Dominance degree=d/a; The absolute value of dominance degree determines gene action; A. Additive (|d/a| =0—0. 20) ; PD. Partly

dominant(|d/a|=0.20—0.80) ;D. Dominant(|d/a|=0.81—1. 20) ; OD. Overdominant( |d/a| >1. 20).
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QTL {7 /54 enl Al en2, BNk A MRE AR L 5¢
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2.75 A8 5 243 ) Sk e RS 43 L L A% T
kR 7. 4% F0 8. 6%,
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LGV I 52. 6 ¢cM 4, LOD {2} 3. 31, 5451
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10. 71 AE I SO0 M b s AL sk % R 9. 720,
(D Mm. SHEA XM QTL i fif 4 4
(phl.ph2.ph3 1 ph4), Hrfii 5 phl F1 ph2 535
ok F L5 95 PR RO = Be L O TSR LG T B
A9 30.5 F1 72. 3 <M Ab,AHEE 41. 8 <M, LOD {# 43 7
k1 3.09 1 3.90; phl #l ph2 4% 5] 5 k5 ic P16M93-
600 Fl P3M52-200 4085, @ M 4> 914 1. 46 Fl
0.47, Iy 4 5 P F0ER 43 WA . {7 £ ph3 Fl phd
ok e 8 S A BB = 5L A i T R LG
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Ay 103.0 cM Fi1101.1 cM b, #HEE 2.9 ¢<M,LOD
Er 5~ 2. 53 Al 4. 78; ph3 fil phd 43 51 5 45 i
P29M93-910 F1 P17M59-280 343 55 . 4 Fi 7 ¥y 32
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Kl QTL ¥y kg B8 27 A, 38t 1% o0 ik 2R 4 5 ok
9.5%.14. 7%, 7. 5% F 7. 3% . & 3T B AL TTHk R N
39.0%,

Wt R, SM F8A X QTL 7 &4
Inl. ok AMRE R AT MR A TEH LG 1 |k
66.1 cM &b, LOD {8y 3. 31, it %0% K 0. 55, @
PERON S —0. 05 4 F J7 2R B b , 38t 4% 07 ik o
B (23,7000, i Inl i P3M52-700 4y
Bz THE R MR & B QTL {7 £ phl 5 ph2
Z I8, 5 phl.ph2 43 HIAHEE 35.6 F1 6.2 cM, {5
Inl F14k & i & phl. ph2 41 #£ P16M93-600 5
P3M52-200 #ric 8], H 55 phl.ph2 fH e 80, £
I R ORI A OGP R 6 R R JE B LG T b i
G 3X AT RE 5 R DR % BN

GO, HrRKA M QTL i &y 11,112
A3, 11 AT 112 Sk B a8 A SO & 3 40 B T
R LGIV LAY 60. 6 F1 34. 0 cM &b, M 26. 6
cM.LOD {8 2> %] & 3. 28 F1 4. 68. 43 % 5 ic
P28M50-400 F1 P23M53-760 4> 555 v 5 113 & A
MRAEEAR L e o PR L TEEBURE LG X By 4.8
cM &b, LOD 24 2.5, 5Fric PSM61-300 373 5,
1 S fr a5, HL 67800 8 L A K. 2 — 12,185 112
F3 Bl . 101102 F 13 4 352 4% 57 ik 22 43 )
g 43.6%.5. 6% 15. 2%,

OO M58, 5584 XK QTL A gk lwl . lw2
A lw3, Iwl Fl w2 {7 5535k B (R AR & 3R
lwl 5 #5ic P46M104-100 2t 2r B9, w2 5 #5 iC
P46 M104-100 B %5 % i, 3X 2 A 5 43 S A 3 Bl i
LGWI LAY 9.3 f15.0 cM b, BB 43T (4. 3 M), 3£
B — W 230, H LOD {H 43514 3. 26 il 3. 38, fif
Fw3 ok B R AR LD IR PR AL T IE B LG X
FRy 4T M AL HEEFIK R QTL A8 13 {UA
0.1 M [IBE , FH P # ORH LT E& . Iwl
F w2 Sy B AR D7 X B e Tw3 Sl A%
B ai s A O 200 v H 55 A% ot R R 4 0
11.6%,17.2% 1 18.9%.

(DZEM ., 520 A er QTL 7 s sl
rwl.slrw2 il slrw3, slrwl £ slrw2 3 A K {5 £ 4
LL5e I PEE, Sy B TSR LG T 1) 34. 0 FI
95.4 cM &b, [ HE K 61. 4 <M, LOD {543 %H 3. 76

Fl 4. 60,4575 P39M91-105 Fil P46M104-220 Ffid
83 5 slrw3 R o 0 A BB & 3 o T 3 i
LGN k9 11. 8 ¢cM I, LOD {5/ 3. 21, 5
P46M104-220 #5ric 43 8. slrwl . slew2 fl slrw3
I Ay 8 L A BT A O U S B R
Wk R TR R 0 18.1%,9. 2% F1 6. 7% .

() ZEM ., HEMA XM QTL fi i f sdl sd2
Al sd3, Hiep sdl B osd2 >k A 5 E 35 A Bk e 3,
sdl 5 brid P13M53-230 2t 43 B, sd2 5 #r iC
P13M53-230 SR % &1, 73 AL TSR LG By
24.0 F1 22.2 cM 4b, 2 AL AR 1.8 M, B 82
LR Ry — W £ 8% H LOD #4354 2. 74 FI
2. 9450 5 sd3 oK BARME SR A LLSE I8 PH AL L A T 3% Bl
BELGVI B 22.0 cM &b, LOD {4 J 3. 14, 5451
POM63-610 F43 85, sdl 1 sd2 3 Sk 59 550457 45, sd3
SRR g AR T 2 o Pk 35 A% BT R R
Wk 9.5%,16. 0% F1 6.1%,

(D rBER. 5 BE5CA X QTL {7 sl
tnl, R A @ EEA LTI PFA AL TIEBRFLGY k-
58.8 ¢cM 4b.LOD fH K 2. 93, 5#5id P16M99-690
3B RO R 1. 36, WAERON K 2. 54 4 7
HOh L SR TTEk R 11.8%,

A0 K, 5EKAXDN QTL A 484 pll ., pl2
FpI3, ok A i (B 2% AS HORE = 3 L 40 il o0 T 3% B R
LGVl | 10. 5,17. 2 #1 15. 5 <M &b, A+ F #5ic
P29M93-690 5 P28M50-250 = [a], J& By 3 I 5%,
pll H5#5xig P29M93-690 Al 5. 0 ¢M, pl2 Hkrid
P28M50-250 A 1.7 <M, pl3 5 P28M50-250 k43
B, H LODHsr Ak 2. 98,3.46 #1 3. 50, pll A
B KL, pl2 FI pl3 Ay 1 AL AL g, =3 AR O 4y
PR N < BT o T N G N 1
31.0%,25. 3% 1 9. 4%,

33w
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f1% AR S B MR SR 08 i ISP 5 A A I
2 RFRL B RAH A Z AR A B MR 9 QTL 3
P A B, QTL rAify XA a8 R Bl 7 — A
Z R B BN AR ST A A B 2
A0 n i ) e SE A R QTL M4y T i Bl
LGX b, B AU 2 0.1 M 5 il A 5 & =Y
QTL i s1 enl AR 73 BEXH) QTL A1 tnl $4i7
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