FB Y IAAR 2024, 25 (1): 111-119
Journal of Plant Genetic Resources DOI: 10.13430/j.cnki.jpgr.20230611002

PRRERISEIE N ShPH 1T 43 THiiC i TR Mt H

BEMA 8 W2 GG, K R ERME EY R, FXEBAER TR, R E!
il gAY A S AT /A8 SR AT MLV E AR [ R B SE 6 = (), 5+ 030600 2m@ilel/jt;ai*;al1m K4 030801
e ERHE BT, LAt 1000935 4 F A SRR OB A BRAN B, V65 810003 5 V44 ] SR A 3 , 15 810003)

WE AN EAAAD RO TR KRS 5EHT ZEA AN, AFFRATH SR A X A LBEBIR A, T3 %
% % B2k B SHPHII 9 ¥ A2 # b SNP 4% %, , # A~ SNP 4 &, 21 4~ 9 4% ) 3 3 % . SbPH11-Hap1 . SbPH11-Hap2 #= SbPH11-
Hap3, SbPH11-Hap2 P %+ 52 44 &3 S A6 4k 3 M 2 % % T SbPH11-Hap1 #= SbPH11-Hap3 P % &2 64 & 469 4k % , SbPHI 1-
Hapl ) & Z M #4523 & T SbPH11-Hap3 49 &5 R A4k &, 41 3T SOPHIL %9 % A febe SNP 4% & JF & T KASP 41 4&
i, R AR AT 30 B B AP R KR IAT T AR oA Fo R A IS E 2 ﬁ‘%m,wwtaﬁ KASP % F #3877 VA 4 . % 2 ik ShPHI T
/- Pk SNP A B 49 L B A . 3% KASP £ FARe T S U E A TR R & R AR T RARDER, TRATHEKSN T
I 5h s A T AR TR B R B H A

FEER: 5 R 5 ; KASP & F 4710 ; ShPHI

Development and Application of Molecular Markers of
Sorghum Plant Height Related Gene ShPH11

DUAN Guoqi'?,LYU Na'?, SHI Yingyi’, ZHANG Huai*, LI Binfeng*, HOU Liufei’,
XU Wenxiu’, YAN Huili*, HE Zhenyan®’, PING Junai'
('Sorghum Research Institute, Shanxi Agricultural University/State Key Laboratory of Sustainable Dryland Agriculture
(in preparation) , Jinzhong 030600;°College of Agriculture, Shanxi Agricultural University, Taigu 030801 ;’Institute of Botany,
Chinese Academy of Sciences, Beijing 100093;*Qinghai Cattle Pierer Husbandry Technology Co.Ltd. , Xining 810003 ;
*Qinghai Feed and Forage Technology Promotion Station, Xining 810003)

Abstract: Biomass is an important trait in forage sorghum, and positively correlates with plant height. In this
study, two functional SNPs of the plant height associated gene ShPH11 were screened from 237 sorghum inbred lines.
Three haplotypes, named SbPH11-Hapl, SbPH11-Hap2 and SbPH11-Hap3, at the ShPHII locus with different
combination of the two SNPs have been identified. The plant height of SbPH11-Hap2 materials was extremely
significantly higher than that of SbPH11-Hap1 and SbPH11-Hap3 materials, and that of SbPH11-Hapl materials was
extremely significantly higher than that of SbPH11-Hap3 materials. The KASP marker that associates to plant height
was developed based on two functional SNPs of the gene ShPH1I. The marker was used to genotype and phenotype
of 30 sorghum germplasms resources. The KASP marker was confirmed to accurately identify two functional SNPs of
SbPH1I. These results suggested that the newly-developed KASP marker can efficiently and accurately predict the
plant height in sorghum germplasm resources, and can be applied in early screening and molecular marker-assisted
selection in breeding for sorghum with higher plant height.
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Table 1 Sequences of SbPH1I molecular marker primer

e P AT KASP 20 Fhric 5 | 140 . KASPARic iy
514 4% BN SRR 1 (B4 A RIS 19 B) FI
— Nl E S Y (518 C) M., %52 SNP1 A A5,
(4_53908336) Z5MEM)5 [ AHALFERE RS [P F-A
FIF -B 35 [ F,-C; %6 SNP2 4/ . (4_53908312)
ZAVER S A AR A5 1Y) F-A FIF,-B i
SIWIE,-C(E D). TEBITIFIG I F -AFIF,-A 15
K FH 6- R H DR (FAM) e Bl 4rid s F,-B Il F,-B
[ 5 2K g FH 75 550-6- FH B 2 6 R (HEX) YL BHbrid
5191 F\-A 5 F-C 7 1) B4 DNA 4> 79 1% SNP1
P AR BE 51T F-B 5 F,-C IR 1Y 4% DNA
ST G SNPLA S CI R Be . 51 F,-A 5 F,-C
JIT7R I HUEE DNA 4347 3% SNP2 i 53 h C 1Y 7 B
5191 F,-B 5 F,-C Fi/R (1) $.45E DNA 4> 7914 SNP2
BN TR Beo Btk b5 FAM 781 8¢ HEX 741
455 WG HE A I DEOUAE 5 A B AR AL B0 8
T PCRAVEZEE] . SNP1 FI SNP2 Wy H5 S 0E 5 | 9 ¢
G, B R E A bR ie (60 AP AR B A BR A )
H e

SNP iz i, EIRv R S1WIFE1(57-3")

SNP sites Primer name Primer sequence(5’-3")

SNP1 F-A GAAGGTGACCAAGTTCATGCTTTGTTCTCTTTCTGACACACATA
F,-B GAAGGTCGGAGTCAACGGATTCTTTGTTCTCTTTCTGACACACATC
F,-C GAACGCTAGGGAGAGTAGAGTAGTA

SNP2 F-A GAAGGTGACCAAGTTCATGCTTGCCTACCTCGCTACCCTC
F,-B GAAGGTCGGAGTCAACGGATTGTGCCTACCTCGCTACCCTT
F,-C GAACGCTAGGGAGAGTAGAGTAGTA

SIHIF,-AFIE,-A R QUL FAM S RHC 515 F B AITE,-B o R QUL )y HEX JokHRic 751

The underlined sequences in primer F,-A and F,-A are FAM dye-labelled sequences; The underlined sequences in primer F,-B and F,-B are HEX

dye-labelled sequences
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FL A PR R R DR, 4 BRI 9 96 £L
FEAE B BB FEHLITEE | 1300 r/min 3 min. BFEE LAY
I F B0 B T, LA CTAB 20 , FE TR ) i
AMEFRFE 65 °C,30 min, BFF AN FFIREE,
B M S AR, R 215 250 4000 r/min, 4 °C, 15
min, B EIEREGH 96 FLEL, A 0.7 F5 1) N

UUVE DNA, 2.0 25 B, T 75% (0K B8 08 2 38 o
fist F DNA, {ii il 10 mmol/L Tris-HC1 pH8.0 100 pL
SR T IR 22555

e il 5 | 9018 ¥ F\-A \F,-B . F,-C \F,-A .F,-BFll
F,-C X 6 255191435 ddH,O i B 100 mmol/L , B
S1¥F,-A % 60 uL .F -BIE#E 60 uL .\ F,-C IF# 150
ul, i A 10 mmol/L Tris-HC1 230 uL, 1535 | ¥R
F,. BU5|¥)F,-A %W 60 uL . F,-B 5 60 pL.F,-C
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SIYNR F,. ffi ] SNP 51 4L F, 15 P41 F, 435
XTAR BT T PCR S, 2 uL PCR 2t A%
R S5 1 A4 22 A0 45 - FE T 41 DNA 50 ng, 51 #)1R
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RICT & SNP2 iy CFI T A AR . 78 237 1 =i 58
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A : SNP v A5 BN P A 1 1% ; ZTHE P SNP1(453908336) FISNP2(4_53908312) ; B Kttt LA -1 {E o0 5
K I BALIRIZR 7 22 A3 KA 30 W 250, AN TR A RE RO TE P<0.01 I HAT SR T4 18 S 22 5 5 1 1)
A': The linkage disequilibrium map of SNP sites; SNP1(4 53908336) and SNP2(4 53908312) are shown in red boxes;

B: The data was represented as mean . One-way ANOVA was used to test the significance, and the statistical significance

with a P<0.01 were represented by different letters; The same as below
1 SNP{IRffkSERAFRSH
Fig.1 SNP sites screening and gene haplotype analysis
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Table 2 Plant heights of sorghum germplasm materials with different genotypes

E i HEH R Ko - Bk R A R 22 (em) FRALEL
Haplotype Genotype Number Mean+SD Median
SbPH11-Hapl CCTT 92 240.67+58.74° 247.00
SbPH11-Hap2 cccce 118 280.33+41.76° 277.70
SbPH11-Hap3 AACC 27 206.50+45.53¢ 210.00
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Fig. 2 Genotyping results of 10 sorghum materials associated with inbred lines by KASP molecular markers
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N T ol 285y vy S e JO 0 U R A 7 R DR R M, R
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Fig. 3 Genotype identification of 30 sorghum germplasm materials by SAPH11 molecular markers
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Table 3 Genotype identification of 30 sorghum germplasm materials

P (em)

A T KASP % [H 7 T 35 PR A Plant height [SE SiES
Variety code KASP genotype  Sequencing genotype KE (IS8 Sorghum species

Dongying Xining
181 CCTT CCTT 325.00 333.00 A
205 CCTT CCTT 295.00 308.00 Al
263 CCTT CCTT 291.67 312.33 Al
357 CCTT CCTT 240.33 251.00 WA R
2059 CCTT CCTT 208.33 232.67 —
J130 CCTT CCTT 244.50 263.00 =g
WSC93 CCTT CCTT 237.00 248.00 Hh Ty KR e B
159 ccee ccee 270.33 285.67 o7 RPRL R 5
192 ccee ccee 293.33 298.67 s
270 ccee ccee 317.33 333.33 e
346 cccce cccce 294.67 300.00 Ho 7 KPR 5
356 ccece ccece 382.00 393.33 TR
370 ccee ccee 293.33 302.00 Hb R R
2013 ccece cccce 278.00 285.67 [T
2078 ccecce ccece 266.00 277.33 [T
2080 cccce cccce 290.00 301.00 e
1150 cccce cccce 366.33 370.33 T e S
J158 cccce cccce 357.67 367.00 T RPRL S
J159 ccee cccce 289.33 305.67 i g
142 ccee cccce 301.50 305.50 o7 KPR 5
179 ccee ccece 301.67 315.00 e o
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F3 (%)
P (em)
S TP KASP J&[K 1 ) 3 R 75 Plant height (SRS
Variety code KASP genotype ~ Sequencing genotype KE IS Sorghum species
Dongying Xining
187 cccce ccee 278.00 297.33 H T RFRL 5
SL130 cccc ccce 323.33 330.00 P A e
WSC33 ccece ccee 330.33 336.00 s
177 AACC AACC 198.33 205.33 g s
206 AACC AACC 194.67 198.33 g s
359 AACC AACC 225.00 232.00 Ty
7100 AACC AACC 215.33 218.00 fiNE S
SL141 AACC AACC 191.00 194.67 WA R
WSC60 AACC AACC 203.00 208.00 Hb KPR S
x4 30 ESRMEMENRS
Table 4 Plant height of 30 sorghum germplasm materials
SRR E N 22 (cm)
AT SR 7 Ko Mean=SD
Haplotype Genotype Number o i
Dongying Xining
SbPH11-Hapl CCTT 7 263.12+41.25° 278.29+38.76"
SbPH11-Hap2 ccee 17 307.83+34.01° 317.87+32.83¢
SbPH11-Hap3 AACC 6 204.56+13.09° 209.39+13.73¢

3 g
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KJE , dwl Fldw3 B 57EREAR T ARG 58 2, D[R]
P RARE Y . Dwd Hl DwS R SRS HhfE .
H A 1 B = A RL A D RERR IO ik g R4 TR 5

AT E B A5 = SR R AH DG I L [B SbPH LT,
L & FF A R, i3 RS Dwl .Dw2 . Dw3
B4 [ YRR 3 50 M9 35.1% . 36.4% H1 32.5% , 3 W 1% %
R e R A OGT BE A

I S A R 3R I R R R R R
A= ) I 1 SR S AN R A 5 408K, A Ti) R A v 3 i
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HER R, K ER AT SR 0 A Py 0 e BT
Rl At . L, e A e A A 6 A8 S 1 e 3
i R R B v S AR W B SRR 2 — . AL
FERL i S 5 B H bR 4 s AR i, BRI AR
L B AL AR 8 T e B A AT AR R
o S

EF Xt SbPH 11 LR b i 4~ D) BB SNP A s T
& KASP 4y T-FRic , B4~ SNP o7 5 20 & L A7 16 3 Fh
Hu £ 7 . SbPH11-Hapl. SbPH11-Hap2, SbPH11-
Hap3. 43078 LR AR 35 R 1 9 7RI 1T 30 13 A
(7] A T8 114 2 8 A0 o % R R EA T 40 F B i 3 TE
RN PEA , PSR 0 o SbPH 11 -Hap?2 i it 107 4 155
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