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Analysis of Amylose Content and Allelic Variation of Waxy Gene
in Broomcorn Millet Germplasm Resources
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Abstract: The amylose and amylopectin contents of 100 broomcorn millet germplasm resources were
measured, and they were genotyped by molecular markers targeting the Waxy gene, the key factor modulating
amylose synthesis. Some representative resources showing different amylose content were sequenced by Sanger
approach. The amylose content in the collection ranged from 0 to 22.78%, with an average of 6.07%. 36% of
germplasm resources were detected with amylase content less than 3.7%, including 24% detected without
amylase. The amylopectin content ranged from 4.55% to 56.73%, with an average of 15.30%. The functional
marker M5/R11 was able to effectively distinguish S,, S5 and S,S ;5 genotypes, and PCR products of markers
intSL{/R3 and M12/R12 were digested by endonucleases Acc I and EcoN I, enabling the identification of L., L,
and L; alleles. Nine genotypes at the Waxy locus were found in the collection. The genotype S,/Lc accounted for
33%, and S, /L, accounted for 25%. The genotypes remained heterozygous (S,S /L, S,S,s/Lcand S,S,/L,L;),
and each of them accounted for 2%. A large number of new SNPs were found among landraces such as Gangu

Heichanbei, Black millet, Qingyang Esiniu, as well as the varieties Jinshu 9 and Chimi 2. These SNPs serve a
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potential in future gene function analysis and innovative breeding in broomcorn millet. Collectively, this study

provided theoretical basis for molecular breeding and quality improvement in broomcorn millet.
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132 PCRERMEZREHGIEF PCRI|YITSI
H VT Hunt 242 (£ 1), Hp intSLH/R3 \M12/R12
Ay W3 GBSS I-L 3[R 19 intron5-exon7 X B Fll
intron8-intron9 X B , M5/R11 4§ % GBSS I-S 3
exon9-intron 10 X Bt , 5|4 i Jb 50 5% A A 9 R
AR R PCRIWVAKZ A 15 pL: A4 DNA
1 uL(25 ng) ,2xTaq PCR MasterMix 7.5 uL, b FiF
519145 1 uL(10 pmoL/L) ,ddH,0 4.5 L. PCR JZ )i
R M - 94 °C 128 PE 4 min; 94 °C A8 30 s, 54~
58 CiE k305,72 CHEMH140 5,34 MG ;72 CHEfH
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BEAFREA T G PR 22 2.5 %R B IE BRI 8 %
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Table 1 PCR amplification primers and amplification segments

514

RS (C)

Frid . 51¥F51(5'-3") . X B E = DU
Sequencing . Annealing . .
Markers ) Primer sequence(5'-3") Amplification segments Reference
primer temperature
int5SLf int5Lf ATGTTTGAATGAATGCTCC 54 L gene, intron5-exon 7 [24]
R3 TGGTAGTTGCTCTTGAGGTA [32]
MI12 MI12 CGTGACCATCTCTTCCTGTA 58 L gene, intron8-intron 9 [24]
R12 CGACGACGAACTCTCAACAC [24]
M5 M5 GGACGTCAGCGAGTGGGACC 58 S gene, exon9-intron 10 [32]
R11 CAGGCACACTGCTCCCAATG [24]

1.4 ERENFSESYERES

1.41 PCRFEYINFSFFILEXT BEHUE A
BB VE M s AR R 16 1 (L5 A 5 A1 AL 5
By, AR B VE R o MR 40 R B TEA
AR 343 , R B £ E DNA [} Prime STAR GXL

DNA Tag polymerase( Takara) fIFRric 5|4 intSLI/R3 |
MI12/R12 M5/R11 %} 3K 2 DNA 4 7 PCR § 3 ()2
IR ZFIY G FE T [R] 1.3.2) , 47 14 7 ) 45 Bt i o e
JiE HL KR I, 6 B H AR R B AR B — TR
PCR J5 Z 46 _F I IR ARV A= R A w2l AR I T
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ACCICRAI 55"+« - GTYMKAC- - -3' )44k, 7™
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5'+«+CCTNNYNNNAGG--+3" )1k, 774 359 bp
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10.92% , 1o J5 it AR B A ELBEVE M O i P41
PRI, AT BB H 7 b R B R R P S8 ARE A R
b7 AR B A O, 43 90 16% F1 8% , [ A5 [32E b4k 15
NARKRAE AL,

Table 2 The source, starch content and Waxy genotyping of 100 broomcorn millet

kel HXHE . L gene

o) AR HR HEEER GE(%) k(%) Ratoof intron3-exon’.
Number Variety Origin Amylose content ~ Amylopectin  amylose to ctron10 intron8-intron9

content amylopectin L, L, L,
1 WRET e ks 0 34.33+0.15 0 S, y
2 T4 BTy SRIERE 18.70£0.48 14.04%0.22 1.33 S, N
3 DTRELL A 17.22+0.21 17.1520.34 1.00 S, N
4 PRBRHRAEA: R 9.21+0.82 44.74+2.64 0.21 S, y
5 HRAEAEL A 10.51£1.17 21.86+0.28 0.48 S, N
6 $02036 v 4.63+0.44 42.85+1.14 0.11 S, y
7 INRT L 12.78+0.98 12.18+0.40 1.05 S, N
8 K+ H 0 18.69+0.12 0 S V
9 CIGISEESE AL 0 20.32+0.86 0 S.s y
10 AN S YT 0 27.12+1.16 0 S V
11 INZZBET [ R 13.7120.41 14.68+0.37 0.93 S, N
12 T B I 5.65+1.55 15.1620.03 037 S, N
13 7% 23 [ T 0 34.36+0.81 0 S.s y
14 R EVRG L 1.06+0.57 19.84+0.25 0.05 S, v
15 HBET EHEEIEF 4.7240.21 26.41£1.30 0.18 S. v
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JEEER  HA e L gene
i) K KU HEEER E (%) AR (%) Ratioof '~ {ntronS-_exon%
Number Variety Origin Amylose content ~ Amylopectin  amylose to intronl0 intron-intron9
content amylopectin L, L, L,

16 T BT SHEREN 2.09+0.42 25.03+0.75 0.08 S N
17 AL TR 3.24+0.17 28.72+0.18 0.11 S5 v
18 BT i HE LT 0 33.8240.22 0 S, y
19 W S SRR A B 0 32.69+0.48 0 S y
20 [REpSETES HE S 0 26.571.00 0 S, V
21 e 3 EANS 1.39£0.29 19.81+0.42 0.07 S.s
22 AN SR FrE WS 13.70£1.12 26.19+0.48 0.52 S,
23 NZE— Ll SHEIE 14.17+0.98 16.99+0.31 0.83 S, y
24 HRTORZ HETE 3.8440.79 32.8840.33 0.12 S.s N
25 e H 3.84+0.66 33.200.92 0.12 S, N
26 X4 w5 111121 17.18+2.30 0.06 S, v
27 KB v [ 9.44+0.08 17.79+0.67 0.53 So y
28 7SI T i 10.05+0.80 22.18+0.32 0.45 S, N
29 IRBET v 7 18 3.7520.97 12.98+0.53 0.29 S, N
30 HORLBE hEH i 5.18+0.26 7.63+0.28 0.68 S, v
31 WET HE L AR 0 7.60+1.05 0 S, y
32 A85-45 HE AR 0 5.93+0.40 0 S.is y
33 UNSES T E LTS 6.57+0.26 15.13£0.42 0.43 S, v
34 RGBT ] 7 0 6.79+0.06 0 S.s y
35 KELLBET L 7 0 6.250.36 0 S, y
36 BBET o 117G 7.59+0.65 9.740.58 0.78 So y
37 R H L 7 0.37£0.21 11.44£1.33 0.03 S V
38 ESIREES HE g 0 4.55+0.19 0 S.s y
39 MR FT A 0 5.77+0.33 0 S.s y
40 TRAKBE F [ 7.78+0.14 6.920.05 112 So V
41 R AR S 1 9.91£0.05 8.11+0.39 122 So y
4 GAUEIGS R 0 8.65:0.72 0 S V
43 TR By 0 7.37+0.23 0 S.s y
44 TRIRREE [ B PG 12.1740.80 17.85:0.64 0.68 So N
45 LTHEE (%) Hh B P 4.910.20 13.970.78 0.35 S, y
46 IRBET S 7.92+0.32 9.42+0.44 0.84 So N
47 MR T By 4.95+0.25 13.590.06 0.36 S, y
48 TR 1 L 7 6.85:0.27 56.73+0.09 0.14 SS; ¥
49 FLIEJEE Hh [ P 1.16+0.17 10.00£0.42 0.12 SyS.is y
50 LI BE s 5.23+0.54 12.63+0.42 0.41 S, y
51 BE¥ T s 6.25+0.72 8.91=0.50 0.70 S, N
52 AN s 4.77+0.72 8.940.28 0.53 S v

<
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®2(4)
SCHEVERD HAHK i L gene

Fre R e HERER S E (%) (%) Ratio of oxono. fntr0n5-§x0n7»
Number Variety Origin Amylose content ~ Amylopectin  amylose to intron10 intron8-intron9

content amylopectin L, L, L,
53 FRIET HEA R 2.830.12 10.452.03 0.27 SyS.s y
54 PEIsE 105 A 7.36+0.52 6.76+0.48 1.09 S, N
55 B € 14 A 13.2940.44 9.65+0.14 138 So N
56 BEBET = o R 8.47+0.24 6.18+0.14 1.37 S, N
57 PEBE 11 A 22.78+0.34 19.62+0.11 1.16 S, N
58 B BE 45 e HA 8.38+0.65 9.17£0.12 0.91 S, Y
59 235 ] SR T 0 5.87+0.44 0 S.s V
60 FR1E v S T 0 5.16+0.70 0 S
61 Hit 75 ST 0 12.3420.53 0 S, V
62 E15 35 Ak 0 10.86+1.25 0 S y
63 ILBE 56 HE L5 1.06+0.12 11.63£1.05 0.09 S,
64 HBE2 5 A 5 1.7620.17 12.570.86 0.14 SS.is v
65 PHIL e NS 0.230.06 12.79+0.86 0.01 S s y
66 [ 215 e R 4.77+1.61 11.38£0.78 0.42 S, y
67 THE13 5 e R 6.94+0.96 13.33£0.32 0.52 S, V
68 FEE1S S HE TR 0 8.69+0.62 0 S, V
69 HHR4T HE L7 0 7.08+0.12 0 S,
70 TS 1L P 0 10.2320.94 0 Sy, v
71 MBE2 5 Hh By 22.50+0.26 22.89+0.39 0.99 S, y
72 HiBE3 = Hh By 4.1240.09 14.36+0.56 0.29 S, Y
73 WHR3IS L 0.23£0.10 7.69+0.17 0.03 S y
74 2T HEET A 5.4620.97 14.42+0.64 0.38 S, N
75 [ATRCE S o AL 0.79£0.20 16.57+0.17 0.05 SyS.is N
76 HRIE-7 SRS 3.84+0.41 11.92+0.39 0.32 S, N
77 A3 i AR 5.09+0.26 14.74+0.08 0.35 S, N
78 e 3 5 i 5.74£0.73 23.62+0.97 0.24 So y
79 HEE HE 52 0 30.05+0.21 0 S, v
80 MR T T P 6.94+0 11.70+0.16 0.59 S, N
81 BFEE T HE L7 6.53+0.48 14.49+0.36 0.45 SoS.1s N
82 WPRET e 12.78+0.72 10.48+0.50 1.22 S, y
83 IPM 1044 BTE T 11.53+0.88 14.23£0.06 0.81 S, N
84 WHITE FRENCH COMMERCIAL  #AHIE 11.67+0.37 8.88+0.28 1.31 S, v
85 IPM 1116 AL 13.24+1.00 12.02+1.11 1.10 S, N
86 IPM 1037 BT A 10.23+0.44 10.35+0.28 0.99 S, N
87 T[] eI 11.99+0.68 8.75+0.83 1.37 S, N
88 GE.2013-28 s Rl 9.82+1.08 8.110.40 121 S, N
89 Teisengun Suizanmensan i ] 10.51+0.76 14.90+0.33 0.71 S, N
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SCHEVERY  EH e L gene
Fes E KR HEREH (%) (%) Ratioof {“tr0n5'f=’<0n77
Number Variety Origin Amylose content ~ Amylopectin  amylose to intronl0 intron-intron9
content amylopectin L, L, L,
90 DOMACE BIELE FE e o 9.12+0.09 7.79+0.39 1.17 S, N
91 B el B el 11.34+0.09 9.17+0.86 1.24 S, N
92 SNOBIRD % 10.47£0.05 12.37£0.67 0.85 S, N
93 PI 427250 JEIR/R 8.89+0.14 8.39+0.38 1.06 S, N
94 HPUHE BT 14.03+1.08 7.95+0.39 1.77 S, v
95 JEIUR JEIUR 7.64+0.21 8.720.34 0.88 S, N
96 B v B v 7.7340.09 9.81%1.05 0.79 S,
97 Veselopodoljanskoe 38 ey 17.59+0.97 15.54+0.13 1.14 S,
98 LOVASZPATONAI PIROS ) F 8.75+0.44 8.2440.20 1.06 S, J
99 RRA BAH 10.8320.53 7.02+0.06 1.54 S, N
100 BHELRANN e 11.240.05 7.7940.42 1.44 S, v
N / 6.07 15.30 0.44

S,: 13 GBSSI-S J: [ exon9-intron10 X B FEAR ALl 2 5 S o« ARERIZ KX BAT 15 bp fALG G, SS | FRFA A SR ; L, A58 GBSSI-L JEH
intron5-exon7 X B A7-7E A LR 8 G5 L : f{3% intron8-intron 9 X BUA ML A i A L ARFZ A X BT A IR RR % G TRt AT A 5 v #R

FEAERHN A D] (67 5

Sy: Indicate without 15 bp deletion at exon9-intron10 of GBSSI-S gene; S ;: With 15bp deletion at the region; SiS ; Indicate heterozygous
genotype ; L,: A nucleotide base A substitution for G at intron5-exon7 of GBSSI-L gene; L,: A nucleotide base A insertion at intron8-intron 9

region; L.: No nucleotide base A substitution for G and no nucleotide base A insertion at the regions; V indicates the presence of corresponding

gene loci

100 13 J5E i[5 0% 5t 2 B U #3228 AR R R Ny
4.55%~56.73% ,“F-141 15.30% , . J7 SbFh 5 s A A
] 15 [ HE A AL S B TE by 1 i 3B 53 3o 16.52%
13.82%.9.96%. B Wi FE 2R 95 (J7 5 48) A
D7 AP R B E A (5 4) .S02036 (55 6) S i
W5 S, 0 K 56.73% 1 44.74% . 42.85% ;
o AR FF AR (75 38) MIE U FI TR 15
(JF5 60) SCHEVERY 2 1AL, 4351 R 4.55% .5.16%
TEM B/ R S VER SN T SR E
BLRR D ARSI IER B/ S AR IR R 0~1.77,
SE5°k 0.44, Bienvenido AR 8 TE K B/ S HO W G
K 43 A (<0.05) A (0.06~0.14)  H1 45 (0.15~
0.25) 1 (0.26~0.33) . f H/Z Hb (>0.33) 5 M2k
Blo MHRHEZFRUE, 100 03 BE T BARHE N B/ HAIG 48
ik & BE R ECRE IR 1 29.10.3.5.53,
H/3Z H<0.05 MR EA IARPEMRL, /32 H>0.33
FIRPEL it 53% , o B/ R R 2 .

22 BEFHREFRS Frrickam

3 X759 int5SLH/R3 . M12/R12 . M5/R11 45 5

RS LT, XF 100 177 5 T DNA #E47 PCR ¥ RE S 1%

HIE Y B bR A% . 514 MS/R11 3% GBSSI-S 3
exon9-intron10 X B, B4 7= 4 5% F 8% B TN 45 Tk
JHz 5 JisE FEL UK BB A 01X 43 Sy S5 FE IR Y J2 S, S s 4 &
RUCEIT) , 3P B PR RYAG H 850 53301 59 1~ 1354~
61~ (F£2). 5149intSLIR3 MI12/R12 41 GBSSI-L
FLR A intronS-exon 7 X B Al intron8-intron 9 [X B¢,
TERTA M B 2 59738 H 223 bp F1 645 bp AYFRE 5
B, UK AR W S R, O R — 20 i g ) S AL
TRERIEY .
23 BEFMHREFER Waxy BEESE

K intSLER3 \M12/R12 51 ¥ %} GBSSI-L %
HEAT PCRY 3 434 7 ) R FIBR Kl E N DI ACC 1
F1 EcoN T , i i DL AR 253K 21 1 F300 9 Ty
YIROCR (B 2, K13) . BEDIZ5 SR 2R, 100 358 44 4L
Hr, 7F intronS-exon 7 X Bl intron8-intron 9 [X B E
BN VI ACC LM AL RIAATERS R A 64 G I L, B
18153, B N VI EcoN LM AL A Bl JE A4/ AR L, 7 44
A3, AT LAY P el Ay 7 7 1) 30 e R B A A A B
G CATHHE A A L/L Bk 2 6y, BETG A TR
G ICHEEE ATR AR LIEFRA 3603 (£ 2) .
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bpp M 1 2 3 45 6 7
600

500 st :
b .‘i“ - =
0 e 5 ) e e o e, 8 i O g ) et

300 ‘ ( -

200

8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28

— Nmed
bd

M:Marker I; 1-22: F5[flFE2
1-22: Serial numbers are the same as in table 2
1 3% M5/R11 33 5B 5 BEF# M GBSSI-S i | PCR ¥ 4 ik &
Fig. 1 Electrophoretic PCR products of some broomcorn millet samples with primers M5/R11

M 1 2 3 4 6

7 9 10 11 122

13 14 15 16 17 18 19" 20121 22 23 24 25 26

M: 500 bp plus marker; 55 [ 22
Sample numbers are the same as in table 2

El2 EHEFHEMACC IEIREKE

Fig.2 Electrophoretic enzyme digestion products of some broomcorn millet samples with ACC'1

7 8 9 10

13 14 15 16 17 18 19 20 21 22 23 24

M: 500 bp plus marker; 1-24: J75[E$2
1-24: Sample numbers are the same as in table 2
3 EBSYBEFHEM EcoN 1ESY] K

Fig.3 Electrophoretic enzyme digestion products of some broomcorn millet samples with EcoN 1

FE T MS/RIT A i ke I K PR P it U] 25 SR XF 100
DY BE TR TIE R 43 Y, IR I O F L R 7Y (32 3)
FEATRA R, Sy L SE R B e 22, 2133 4y, HAk
&S LA 2503, SyL A 17435 SyL, 5 S /L, %A
913, SeS . 1o/Li s SoS. /L SoS s /L L A5 243 s KEL 1
B S..s /L FE AL B B AEELE S, /L Ly . S,S.. s/
Ly S.s /LLy PR 25 | SYL Fl S, /L 2 At
FEMREHORE KR E T B SR A
24 BETHREBEWayBEFRABEESEHTEMNEEN

X&R

ABIF TN 25 55 R B B BE vE by B i BE I T 2

A (F3), KI GBSS I-S HEH B A F S, Lig 5
GBSS I-L W 5 R B 40 5, L e & i #0 ]
T RAERLS o AERG I ) [ 9 Fft I (K] B v 4 &
BY Az W Sy/L. BLAEVE B O I s, AR S IXE R
3.75%~22.78% , 7% 5t Z KN 42.92%; T AL S | 5
Ly L AR —Fhah &, B e B & i AL, B 55 X
5] 2y 0~4.72% , f5c K% 5 2 E0N 330.98%; 42 5 KL A
HS,S 1 /LiSeS.1s/LenS,S.io/ Ly Ly EEEERY O A TH 2R
RUFIGAHRI 7 6] AR IX 6] R 0.79%~6.85%, e KA 2
BUN110.90%, XTI A EBERER) Sl T
PRI, S5 R AR R )22 v B 2 (P<0.05)
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*3 FAEEFEZEFEHETHRE
Table3 Amylose content in different genotypes of broomcorn millet germplasm
FEPR Y Kokt HEEER (%) PR S IX ] (%) ERFE(%)
Genotype Number Amylose content Standard deviation Range of variation Coefficient of variation
Sy/Ly 9 8.81+3.14 ab 1.05 4.77~13.70 35.60
So/Ly 17 8.44+4.65 ab 1.13 4.12~22.50 55.11
Sy/Lc 33 10.39+4.46 a 0.78 3.75~22.78 42.92
S.s/Ly 9 0.871.06 ¢ 0.35 0~3.24 121.75
S /Ly 25 0.31£1.01 ¢ 0.20 0~4.72 330.98
SyS.15/Ls 2 2.00+1.18 ¢ 0.84 1.16~2.83 59.19
S4S.15/Le 2 3.66:4.06 be 2.87 0.79~6.53 110.90
SeS.s/LyLy 2 4.3143.60 be 2.55 1.76~6.85 83.60
S5 /Le 1 3.84 / / /

NG FRERR 225 B (P<0.05)

Different letters indicate the significance of difference at P<0.05

2.5 BEEFHMBRER Waxy BEEF TS SMESH

¥ Jf Geneious v 8.0.2 X} 16 /™5 T4 2441 B}
) PCR 1) DNA JF 81647 F X, 455 40 3 R i i -
51 ¥ intSLER3 ¥ 3% )7 51 5 2 % 3 A 41 (ID:
GU199253) tbxf ([ 4) , ZBLHEUR L P55 17) J80kL
BE(J75-30) BHL/RAARE UF 5 100)3 M FE Sl 724 3

X B 283 (i R AR T R A B G, HoAl 134
FEMM A TERSE R e . 16 AR b e 271 E o 25 A7
TERE M 57, 5 NI ACC THFYI 4 8 45 150
S—3 UEHERH N VI ACC 1T R %7€ GBSS I-L
FL[A intronS-exon 7 X B FRAR L A B G,

270 2680 200 300 0 320 30
Consensus JANTI G ITNEH G I G MTRTEEI G MIERTY G [ERAVANEI G IANEET G G IEIANEIANCESIG G G [ENENTICETI G ISl G Al G G AIG BITATAGITI AT
|dentity
GU199253 ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGCTACCTCAAGAGCAACTAC
BTRELL ATGTCGTGTTCGICTGCAACGACTGGCACACCGGGCCTCTGTCGAGCTACCTCAAGAGCAACTAC
Ha B ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC
REHE145 ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGCTACCTCAAGAGCAACTAC
BT ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGCTACCTCAAGAGCAACTAC
e ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGCTACCTCAAGAGCAACTAC
wEF ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC
R ISE = ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC
WBE2S ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGCTACCTCAAGAGCAACTAC
REHE115 ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC
EEBE10E ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC
FUR/RASES ATGTCGTGTTCGTCTWMICAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC
802036 ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGCTACCTCAAGAGCAACTAC
i ATGTCGTGTTCGTCTBMICAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC
BRJL ATGTCGTGTTCGTCTMICAACGACTGGCACACCGGGCCTCTGTCGAGCTACCTCAAGAGCAACTAC
HBE2E ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC
RIRtRYES ATGTCGTGTTCGTCTGCAACGACTGGCACACCGGGCCTCTGTCGAGC TACCTCAAGAGCAACTAC

El4 S1¥intSLIRIFIEFISEETFSZERFMALL R

Fig. 4 Alignment of sequences generated from millet germplasm by primers intSL{/R3

519 M12/R12 9734 )7 51 5 2 2% 3L A 41 (ID:;
GU199253) 4l Huxt (1 5) , KR T (PS5 1) .
MEIART(F59) HEE2 5 (F564) BB 115
(FF'5 57) % 94~ fh Fh 7 exon 9 5 314 437 15, )5 i A
1A RIS R L AL 3X 5 N DI EcoN 1Y) 45 5 25
R—3 M EMEZR IS (75 48)4 54 SNP i
R PR 4 4b, 43 R 5 325,392 ,425.556
B (B2 AN G) s Bid 1 4b, 55 57147 45 (T
il A) o TREE25 (JF%5 64) 4 454 SNP i 55,
AAE IR A LA (5 519 07 54 A C ), Bl L B4t
300, Hidt 140 AR S AR R s . HiAth
TSR g RS S0 5, B P 41 5 S 2 R 4
—3

5149 M5/R11 93 7 51 5 2 %5 5L [ 41 (ID:

GU199261) FE a1l HexF (E 6) , K BLEURE IL(FF5 17)
MEIART P59 HETUFS 1) BRISUF
548) HBEET (75 53)5 Al 7E exon10 55 14~
28 LN 2 A4 — B 15 bp MBS I B2k |, sk 1551
15 -AGGCGCTGAACAAGG-3' . exonl0 115 bp
(A B R 2 5 B3O8 - T A RO A SRR L X 5 1
JBET- 1 ELAE TERD 2 T /N T 3.7% , FE TR 5 5%
RIS E G5 RSt WG o LAl 11 A SRR AE 15 bp
(AR I B, (H N R & BT K SNP A o, e rp
A BB (P45 2) A 1R A (3 552 07 sidfi A
G) ; BRBHERAELE (75 4) 48 2 4Bl 3R RR 0 (55 550 17
RLAERIR N CL 55 551705, GRS A) 5 H 4 R
BHOP52) STREZa(7%3) BHRARF (7S
100) £ 7E 1A B LR 40 (341 2 561 40 i A B4y
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G); EBE9 S (JF 5 48) A | NI IEE e (55 426 i 4

25 (55 64) % K301 SNP AL, FBEETH 141

G A)FI 3 ANEG (55 401 R 476 i CHIf Sy BRI 16 1Al ; R 2 5 1B A AL (5

G, 55 50207 /5 A Bl T) 5 SR BE T (75 53 ) R IR JEE

2601 S dd A G) 14 HRFER I 15 /) Hiidhe

310 320 330 340 350 380 370 380

Consensus BT GIEGGRAGGGEA G GAAGCATNEAART G GATGARGGGEG G GCANEET G GA G GEE GARA G G GREETEARE G G A G BEEAT
identiy I S B B B B .
GU199253 CCTGTGG-AGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
HaEEsE CCTGTGG-AGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
T CCTGTGG-AGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
[EBE1 45 CCTGTGG-AGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
HURJL CCTGTGG-AGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
ETHET CCIGTGG-AGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
£ E1 05 CCTGTGG-AGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCC TGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
BIESAYS CCTGTGG-AGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCC TGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
$02036 CCTGTGGAAGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
7 CCTGTGGAAGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
dEHEF CCTGTGGAAGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
T CCTGTGGAAGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
A4 CCTIGTGGAAGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
gH95 CCTGTGGAAGGGCAGGAABMATCAACTGGATGAAGGGCGGGATCC TGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
e CCTGTGGAAGGGCAGGAAGATCAACTGGATGAAGGGCGGGATCCTGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
REE11 CCTGTGGAAGGGCAGGAAGATCAAC TGGATGAAGGGCGGGATCC TGGAGGCCGACAGGGTCCTCACCGTGAGCCCAT
HBE25 CCTGTGGAAGGGCAGGAAGATCAACTGGATHAAGGGCGGRATCC TGGAGGCCAACGGGGTCCTCACCGTGAGCCCHET
5 Sl MI2/RI2EFY B MF 55 ERALLRT
Fig.5 Alignment of sequences generated from millet germplasm by primers M12/R12
340 350 380 370 380 390 400 410

Consensus ECOTGEEAAG GEGHNG AATAAG GAG GEGETG BA GG BEGEG G EHG G ERTEEEEG TG ARG G AAG ATEERG BTG G GG E
Identty -
GU199261 CGCTGCCAAGGCGCTGAACAAGGAGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGT
276%T  CGCTGCCAAGGCGCTGAACAAGGAGGCGCTGCAGGCCGCGGCCGGCC TCCCCGTGGACCGGAAGATCCCGCTGGTGGE
WilE2e CGCTGCCAAGGCGCTGAACAAGGAGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGE
FEBE1 45 CGCTGCCAAGGCGC TGAACAAGGAGGCGC TGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGE
PEEHY: CGCTGCCAAGGCGCTGAACAAGGAGGCGC TGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGE
HRBE CGCTGCCAAGGCGC TGAACAAGGAGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGE
FEBE1 15 CGCTGCCAAGGCGCTGAACAAGGAGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGE
BIHFA  CGCTGCCAAGGCGCTGAACAAGGAGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGT
502036 CGCTGCCAAGGCGCTGAACAAGGAGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGE
REE1 05 CGCTGCCAAGGCGC TGAACAAGGAGGCGC TGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGT
HaEEE CGCTGCCAAGGCGCTGAACAAGGAGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGT
BRIl CGCTGCCA———--—---———-———- AGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGT
AMEHET CGCTGCCA--——--————————- AGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGT
WET CGCTGCCA—————-—-———-———- AGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAAGATCCCGCTGGTGGT
ER9T CGCTGCCA--—=—=—=-————————— AGGCGCTGCAGGCCGCGGCCGGCCTCCCCGTGGACCGGAABMATCCCGCTGGTGGT
BT CGCTGCCA—————=—————————— AGGCGC TGHABGCCGCGGCCGGCCTCCCCGTGGACCGGAMMATCCCGCTGGTGGT
B2 CGCTGCCAAGGCGCTGAACGAGGAGGCGC TGCMEGC CGCGGACGGCC TCCCCGTGGACCGGAAGATCCCGCTGGTGGH

E6 3% M5/RI11XEFH G ES 5525 EA LT

Fig. 6 Alignment of sequences generated from millet germplasm by primers M5/R11

3 itig

L VR S BT R I S 9 A 2R
P B AR BRI T T DA DG PR v
E ELBEVER O B TR S AN A8 AT
THVEM AR RAEEME L. HEr, 4%
HREVE R S I H T A LK Rk OBk
K B 2L MG i 55, AR TR 5 & HoA ik
S B A A PR T R S R v
i SO IR S 28 S A AN R WO, B
[T IO B 251 5 L vE B 1 i Al HE
PO IE A e R A T R AR
ARHIFFE R F B A A AT v 52 100 3 B8+ B 56
VERY/ S RETEN AL, 45 R BN ERE R AR AR
R 0~22.78% , -1 1 6.07% , SGE R & AR I K
45.50%~63.58% , 55 BB WU S5 i HH 0 4 X JE T
TE R B R 6 R R TE M AR I 4 B N
58.43%~75.45% 1 67.60%~75.10% ) A FL A , 3% 7]
RS AL AR 1 358 AL AL DA B ke Y U R 58 L+

FEA MRS it 55 R R 700G 5. AEITEESR 45
SR B 2 i Ao TR A, SRR R
I AL, Az PRALRE R, R Ao 1 A 3% e o 4 ks
e, ANFIF I 5 ) R SRR A B TE A
B R PUE S YIE DR LR R ) R R
JoT RIS BB VE R S AT 320 S WG A S
D5 et A A R R ) R A B I (A IR A
59 H 4.45% F14.99% , J5 RUEREPER B b7 HUAR /5
11 A0 5 | 2E 44k v TG 58 A 1 ARG A R . R[]
R HLBE T EAEVER S B2 5, i R T
Tl 5 A A58 7 1) 224 13 2% 3 B AR S D

O3 FARIC i B4 ] L DR AR A T
WERRGE R, A5 R B AR IE MS/R 1L X 100 53 BE %
PRFEAT RGN, fE % 7€ Y GBSSI-S 3L [A exon9-intron10
X B S0.S.15.S0S.1s 5, FRid intSLE/R3 FIM12/R12
() PCR =92k Fil N DI il ACC THI EcoN T AL BT,
o HEHR U 2 1 GBSS I-L £ [A intronS-exon7 X Bt Al
intron8-intron9 X BtAY L, L. L AV 5., 454 MS/R11 AR
TCKEIN 25 5 X BE T Waey SER BEAT T LR A0 AL 7
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100 1y B+ W2 U5 i 3L % B 9 Al 3 PR R0 WiF AR U S /1L
B, b 33%, RASHS /L, .S, /L, 5 315 25%
F19%, A} 257 SS | /Li . SoS /L SyS s /L L, £ i
2% . HoHp S R R RGN 5 % TR B B R R X I Y
MR 97 1y, — B MM 97% , EHEVE K & 7Y
(B3 i R P B8 S /L, (10.32% ) , S AR A 2 R 354y
S /L. (0.31%) , A] W GBSSI-S Jt [N f) 25 5p 725 S 5%t B
FEVEA B B A R I EPEAE . Araki 85 X
TR A I 1) 178 o3 JBE ¥ B4 ek 8k 4 7 356 (K] 4 TR A
5, K B H A [ () 58 SoAf e 3 0 2 B0 F 2 R
RIS /Ly SR (95.7%) , AW 8 M4 L 58 4 1
KEZM IS /L 774 (25.0%) , 3% 5 XK > %t
241 5y vh [ BE T BB 5T 45 R — 8. B N Ah
2 2t BEF R TR IR AT R RS, /L 3 [
R TASGEFE o A 24 SRR il AR BEORL 2R
J52 52K FL B Ve R 1 i 3.84% , LR 43 R S
F L, JEME— R B Y S, /L ST, 12 DR B T
i SEAFAE (B 2, ] B f i b R R Al B e
Je PTG B R AR S i — 25, DU SN
B AR 2R FEF IR T AR e S BRI B
FtE B DR A, BIVRT X DU AR B8~ Wancy 3 DR EA 7 A
O3 R, S g R A b, B e R A
PEOF R U AR S5O0 A, T T B A R 5
TAE

Waxy 5 RTER AT FAEYKRE R 3R L E oK D
F A FRBEF T IZAFTE AR S A SRR S 25
W FEE . &8N Ik E B Waxy ZA07 I K 1 2748 7
RS0 A, K2 i % 86 8 S I S A A 14 A 3
Waxy S& K A0 585 L P9 7% Bl 38 X, 5 1 A2 Waxy
FERIBEAR IR AT i X EE T Waxy 2
DT, 53 BB T A 1 AT &K B GBSS I-L 3%
intron5-exon7 X BAAFAEHKFE A #5454 G | intron8-
intron9 X BLAFTENRIERS 5% 3 A 4 AT GBSSI-S 3 A
exon9-intron10 X BZ A7 7E 15 bp YBRIL B2 = FR2
W MHL T SR H A R (75 2) RET P S
S3)FIE WL R AR EE 2 5 (75 64) S AR 2 BT
KA HT ) SNP AV i, UNTE intron8-intron9 [X B , 75 JBE
2547 45/ SNP A i, A4 1 H8EA A (30 /B
B 14 D E 5 7E GBSSI-S A exon9-intron10 [X.
B, BBETA 14 ML R 16 4> Hidte ; AR EE 2 %
A UARSAR A 148 LR 40 A 15 e, A8 5
KRR FE . X & BLAY SNP A X BE 13
WYL AR5 B f A M e 3 T — 25 1 S IR A5
FRHT

Sk

(1]

[10]

[11]

fpaker, XIRMG, #EAL%, XGEF, BV, (5L, k&,
KA . BETH AR R S PP ) A 5T
T2, 2016, 17 (1) 45-52

HeJH, LiuTP, DongKJ, LiuM X, Lu P, RenRY, Zhang
L, Yang T Y. Evaluation and identification on the drought
resistance of broomcorn millet bred cultivars at adult stage.
Journal of Plant Genetic Resources, 2016, 17 (1): 45-52

Yue H, Wang M, Liu SY, Du X H, Song W N, Nie X J.
Transcriptome-wide identification and expression profiles of
the WRKY transcription factor family in Broomcorn millet
(Panicum miliaceum L.). BMC Genomics, 2016, 17: 343
Serr. BET dbat: rERL I AR, 1999: 162

Chai Y. Common millet. Beijing: China Agriculture Press,
1999: 162

Fb, FRE, TR, BRE, TAN, BT, MK, B
LU LY o 2R R A B B B MR A ) 2 R SRR
TIBE SIS, 2017, 18 (1) 61-69

Wang L, Wang XY, Wang H G, Chen L, Wang J J, Cao X
N, Liu S C, Kang G S. Preliminary appraisal of important
proso mille germplasm resources quality traits in Shanxi
province. Journal of Plant Genetic Resources, 2017, 18 (1) :
61-69

Saleh Ahmed S M, Zhang Q, Chen J, Shen Q. Millet grains:
Nutritional quality, processing, and potential health benefits.
Comprehensive Reviews in Food Science and Food Safety,
2013, 12(3): 281-295

FEBRG, RS, XUPC, BHE, ARAZE | HORG BURERTY .
ik Toll, 2018, 39(2): 83-87

Du C W, Gao M H, Liu Q, Lv X, Du S K. Quanlity

i

&

characteristics of proso millet. Food Industry, 2018, 39(2) :
83-87

Seh, A, ERE . PEECKE S G THAURMEHL
K RRAL, 2012: 85-89

Chai Y, Feng B L, Wang H Y. Chinese millet food. Yangling:
Northwest A&F University Press, 2012: 85-89
hiE L SR B E R . AL, 2001(11):30
Ma Q L, Wu M J. The preparation of glutinous millet wine.
Modern Agriculture, 2001(11):30
s, EULEE, AR BT T
i, 2023, 58(1): 22-33

Yang Q H, Wang H L, Feng B L. Progress and prospect of

FEBEIE L R A

research on the quality of broomcorn millet. Bulletin of
Botany, 2023, 58(1): 22-33

K22, ENF L IOK EABEVER & W 125 1 5 40 A R
BT, 2018,43(3):28-30

Liu Y, Wang X P. Application and analysis of amylose content
determination in rice. Grain Processing, 2018,43(3):28-30
KRR, BARA, B0, BIE, BN, &5, FrE%E.
JEE 7 B FAL P B S I AR . B B, 2016, 37 (19)
76-81

Zhang LZ, JiPS, Luo X X, MuH Z, QinY P, Niu Y, Qiao



7

FLIHEE - BT IRTE R

g

5 Waxy FE RGN 08T

1151

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Z J. Physicochemical properties and digestibility of proso
millet starch. Food Science, 2016, 37 (19): 76-81
Nakayama H, Afzal M, Okuno K. Intraspecific differentiation
and geographical distribution of Wx alleles for low amylase
content in endosperm of millet, Setaria italic (L.) Beauv.
Euphytica, 1998, 102(3): 289-293

AL IR AR DB RIS BB R
JCBRER B SCR . PR £, 2002, 18(6): 18-21
Luo Z X, Su Z S, Shi F Z, Ruan X M. The relationship
between rice texture, amylose content, and taste quality.
Chinese Agricultural Science Bulletin, 2002, 18(6): 18-21
Wi, BV, A5, R, B, BE XIEDR, &/
T, PSAAR . BE T3 M R AR 20 7 o Rt BT R SR 5 M e
SIS . thE R, 2017, 50 (23): 4530-4547
Yang Q H, QiuJ, LiH, Yang TY, Cheng B W, Zhao M, Liu
G Q, Gao X L, Feng B L. Comprehensive evaluation of
agronomic, yield and quality traits of broomcorn millet
(Panicum miliaceum L.) cultivars. Scientia Agricultura Sinica,
2017, 50:4530-4544
HBUCHR, AR, UZRT, 55, BRue, £8K, £is, v
TRZE . A0 (3 B F R IR VTR L R 5 A A L gl B2
2019, 47(8):1316-1320
Shao H H, Shi T T, He J L, Feng Y, Chen L, Wang H G,
Wang R Y, Qiao Z J. Composition and content of starch from
40 common millet resources. Journal of Shanxi Agricultural
Sciences, 2019, 47(8): 1316-1320
FHFH TR 45, MRHEER . B Ho Gk 0 2 JBE 1 vh P i/ S i
BERY i PR AR, 2015, 31(32):76-80
Tian X, Qiao Z J, Chen Y X. Determination of amylose/
amylopectin in Panicum miliaceum L. by dual-wavelength
colorimetric method. Chinese Agricultural Science Bulletin,
2015, 31(32):76-80
Nakamura T, Yamamori M, Hirano H, Hidaka S. Decrease of
Waxy (Wx) protein in two common wheat cultivars with low
amylose content. Plant Breeding, 1993, 111: 99-105
Smith A M. Starch:
metabolism, evolution, and biotechnological modification in
plants. Annual Review of Plant Biology, 2010, 61: 209-234
Zhou H, Xia D, Zhao D, LiY H, Li P B, Wu B, Gao G J,
Zhang Q L, Wang G W, Xiao J H, Li X H, Yu S B, Lian X

Zeeman S C, Kossmann J, Its

M, He Y Q. The origin of Wx provides new insights into the
improvement of grain quality in rice. Journal of Integrative
Plant Biology, 2021, 63(5):878-888

M R, B0 IR A, it , SRAEM . VU ks oK Ty
ot il Wany B[R PP 9 22 3505 30 . A2 4%, 2008, 34(5)
729-736

Tian M L, Huang B Y, Tan G X, Liu Y J, Rong T Z.
Sequence polymorphism of Waxy genes in landraces of waxy
maize from southwest China. Acta Agronomica Sinica, 2008,
34(5): 729-736

B IR Py Al e, 2013

[22]

[23]

[24]

[25]

[26]

[27]

(28]

[29]

[30]

Chen X M. Analysis on agronomic traits and cooking qualities
associated with allelic variations of GBSS I in foxtail millets.
Hohhot: Inner Mongolia Agricultural University, 2013

Hunt H V, Denyer K, Packman L C, Jones M K, Howe C J.
Molecular basis of the waxy endosperm starch phenotype in
broomcorn millet. Molecular Biology and Evolution, 2010,
27: 1478-1494

A P ICH AL . A TR S5 A BE R i GBSS SR K
ML AR, 2017, 52(2):179-187

Wang Q, Sun W J, Bao Y. Evolutionary pattern of the GBSS
gene family in plants. Chinese Bulletin of Botany, 2017, 52
(2):179-187

Hunt H V, Moots H M, Graybosch R A, Jones H, Parker M,
Romanova O, Jones M K, Howe C J, Trafford K. Waxy
phenotype evolution in the allotetraploid cereal broomcorn
millet: Mutations at the GBSSI locus in their functional and
phylogenetic context. Molecular Biology and Evolution, 2013,
30: 109-122

XUGENR . o [ BE T R A A 2ok I Wy BE TR i 22 35 PEBE
FE . RAY PR R, 2015

Liu X H. Agronomic traits and polymorphism research of Waxy
gene in proso millet (Panicum miliaceum L.) of China. Taigu:
Shanxi Agricultural University, 2015

TR BB, T BRI, EEER, R, Eh s, A
. BET GBSSI B YRR iC i ¥ & 5 A AE Y=,
2023,49(3):703-718

Ding M, Duan ZY, Wang Y Z, Xue Y P, Wang H G, Chen
L, Wang R Y, Qiao Z J. Development and validation of
functional markers of GBSSI gene in proso millet. Acta
Agronomica Sinica, 2023, 49(3):703-718

rhie N R ] [ R B A e A2 ) , e ] G v
LA FRZS 51 23 . GB/T 15683-2008 >k B i A 5 & (9 0
SE . ALST: R BRIEL R, 2008

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China, Standardization
Administration of China. GB/T 15683-2008 Determination of
amylose content in rice. Beijing: Standards Press of China,
2008

SRCYNERP e e P dpin e AN E R L e e Y M sl e[S
A% 25 5145 . GB/T 19503-2008 Hu B AR 2 7= i 301 2 /1
K Abat: PR i, 2008

General Administration of Quality Supervision, Inspection and
Quarantine of the People's Republic of China, Standardization
Administration of China. GB/T 19503-2008 Product of
geographical indication-Qinzhouhuang foxtail-millet. Beijing:
Standards Press of China,2008

Wang RY, Wang HG, LiuXH, JiX, ChenL, LuP, LiuM
X, Teng B, Qiao Z J. Waxy allelic diversity in common millet
(Panicum miliaceum L.) in China. The Crop Journal, 2018, 6
(4): 377-385

i), XURMS faker, FALE, (EhE, 5k, BRT . B
F(Panicum miliaceum L.) & 3EF 2 YABBY JEH Z S5 2 55



1152

f(g‘\t

N7/ B A

8

S

25 %

B WOVN0 T FRIB L . SR 222 5 BT AR 2, 2022,
41(5): 1067-1078
Pan W X, Liu TP, He J H, Dong K J, Ren RY, Zhang L,
Yang T Y. Genome-wide identification and expression
characteristics of the YABBY gene family under hypertonic
solution stress in broomcorn millet (Panicum miliaceum L.).
Genomics and Applied Biology, 2022, 41(5): 1067-1078
WMRE . BT it se it e SR g R R AR FH#
2022,1(10):32-36
Yang T Y. Research progress and prospect on molecular.
Journal of Cold-Arid Agricultural Sciences, 2022, 1 (10) :
32-36
Umeda M, Ohtsubo H, Ohtsubo E. Diversification of the rice
Waxy gene by insertion of mobile DNA elements into introns.
The Japanese Journal of Genetics, 1991, 66(5):569-586
G, Mamu Yasmeen, X3R5, 28 = Wk B e
R B FCAE AT il A5 A 1 L TP R, 2022, 43
(18):456-464
Gao Y Y, Mamu Y, Liu Y J, Peng X Y. Quantification
technologies for the determination of amylose/amylopectin
ratio in starch and their applications in food research and
processing. Science and Technology of Food Industry, 2022,
43(18): 456-464
Bienvenido O J. Structure, chemistry, and function of the rice
grain and its fractions. Cereal Foods World, 1992, 37 (10) :
772-779

TR 2% B Wy, ZRRNG , ZRAAEE . VEN h BB VE A & i
FrMEARRIBE L IER . SRS, 2022, 39(1):87-94
Ding Z, Feng D, Cao PP, Li E P, Li S N. Research progress
of amylose determination technology in starch. Journal of
Researches on Dietetic Science and Culture, 2022, 39 (1) :
87-94
ISR AREEN, E I, SR, B, B, RS B K
W g P BB S SRR . B Iikﬂ& 2018, 39
(8):232-235,244
LiXJ, LiZ G, Wang X, HanJ Y, Zhao W, Zhao R, Lu J.

Determination of amylose and amylopectin in pumpkin with

[37]

[38]

[39]

[40]

[41]

[42]

[43]

dual-wavelength colorimetric method. Science and Technology
of Food Industry, 2018, 39(8): 232-235,244

AN, B, RERIER RVA 3% A K R < R B8 BR300,
SIHT . PO RN ,2001,34(2) £ 123-127

Bao J S, Xia Y W. Genetic effects and genotypexenvironment
inter actions for the starch RVA profiles in indica rice. Scientia
Agricultura Sinica, 2001, 34(2):123-127
XUEERE . RIEBCHEAT MUIE K A= Wy hxT BEF ik
FEIIRENA . A  PEACARMERHE R, 2023

Liu B B. Effects of nitrogen fertilizer combined with organic

JFIRER BRI

fertilizer and biochar on quality and starch physicochemical
properties of broomcorn millet. Yangling: Northwest Agriculture
and Forestry University, 2023

5. IR A ASERAE I [F) R 15 4 P X 43 1 it B
HIFFE . KA Il K%, 2005

Yue H. Study on effect of quality of milletin different

/‘J‘/ ulj

ecological environments and different culture control measures.
Taigu: Shanxi Agricultural University, 2005

M, AR, SRR, AR, BOFHT, XRS5
1 LT 5RO A R K L D A B B 1 B e PRI S
TEZESAR AR, 2012, 20 (1): 40-47

Gao HY, Wang S G, Zong X F, Teng Z H, Zhao F M, Liu Z.
Effects of combined high temperature and drought stress on
amylose and protein contents at rice grain-filling stage. Chinese
Journal of Eco-Agriculture, 2012, 20(1): 40-47

FIRBH AEE R AT SN AR GE R I T BB
PRI . N TR A K2, 2005

Wang C Y. Effects of high temperature and drought on starch
synthesis in grains, peocessing quality and yield in winter
wheat (Triticum aestivum L.). Zhengzhou: Henan agricultural
university,, 2005

Araki M, Numaoka A, Kawase M, Fukunaga K. Origin of
waxy common millet, Panicum miliaceum L. in Japan. Genetic
Resources and Crop Evolution, 2011, 59(7): 1303-1308
Okagaki R J, Neuffert M G, Wessler S R. A deletioncommon
to two independently derived waxy mutations of maize.
Genetics, 1991, 128(6): 425-431



