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HEAKT F AR A €8 NDF \ADF |l HbE
FVASN TP 50T AR 1 s S AR EAT T — 2B miF oY .
Cardinal Z13 DL B B73 X B52 % 200 841 F 3¢
AN AR, FEIF PRI E] 114 QTL 5 ADF
A G FEZE A A I #1145 ADF I NDF ¥
BRI LM QTL, Park 21 PL 158 4> 0286140 X
KSS22 1 F2 Btk ol e AL REAR , 455 SSRARIC , % 5E
A S8 BRI G QTL ., Zhang 251911 298 4>
BHO X B73 1 Fy s K F BB, 00 2] 59043
B FORTE R S B A SE ) QTL 4354 64 .6 4~ F1 5
Ao Wang Z151L) 3681y A 28 2 bR}, S5 1 734
L5 ADF 5 & 5 3 A5G i B R 22 A5 PR A 1 (sin-
gle nucleotide polymorphisms, SNPs) . Z=4l1 7 F]
S IR IR AT B 7 iEAE AR T 245 ADF GHk
fR R [N . 25 A 258 i A 40 B AR, )
JH SSR bR ic R T K B BBy | ELBE T A I S B R 2
QTL BEATHI R 07, FAG I 2 17 4~ 5 Tk ek &
A KA QTL. F5 TR I 250 FI 4 5 R 21 56 1 4y
MEXt oK [ 28 & S s8 BER A9 ADF PR 2E4T 3%
SNPs fifi & , 52 2 2543 5 ADF {5 35 41 & 1 457 15 o
Truntzler & “F F QTL Je4rbr F B, 4 59 4~ 574k
FRYEIRA S QTL #4740 07 5 Hege, 2 26 4~ 571
A S0 QT LA A4

B AR IV R R AH 8 FRAE ARk A 2 44 B A
PEAT T M ST, LI 38 B 1350 00 i 38 A G Al 8t %
A7 55, (H A fE NDF #1 ADF 2804k, R A &
WAL EOE A R — P IRAE S . A, K
BURIF ST S 43 01 X 36 L P8 % 114 K 5 38 A5 67 i 64 7 By
FEH8 , R XF 248 R A8 AR R4 22 07 B AH ST 58 48
s X 2R AL B A B = A H) T — R 280
SRS FHIBE M AR H . R, 55 AT AR
F2 B DL AR 32, X Suwan &5 G R IE
AR SR AL s 5 b o IR, AR ST 3 T
5.6 771~ SNPs #J Maize SNP 50 ith B %} 183 4 & A
Suwan Fll Tuxpeno & T 58I Y [ 28 FR 475 P A
B BB RAVEE T A I A SC BT, 2 R
5 B IR NDF  ADF ] i MR S
TWy BT AL A e i QTN I 2R W45 B 2 i ik
A e e JE PR, LION I 2218 B B IR I R
T I K i R LR ARl

1 #MRIERE
1.1 REH R

AWFFE AR R 183 B T H 38 R4, 4
i Suwan , Tuxpeno , lodent il Lancaster 55 9% it , 15t 1%
HaEE, AN AR B SRR 25
BRI A S T 446 1Y 35 AR QBA46 Sk B
Ak, R AR R TE R L[] AR R TR
2L Z 5T 319 HCL645 SR bkt 1 ¥ > B, A
K.
1.2 HE&T

183 i B A BT 2019 4F 4 H B T 5 & 4
PR BRI EE b (106°397 E, 26°30 N), 474 3 m,
178 60 cm, #RHE 25 em, AT IX, 2R A, H AR UK,
“H L FE [ 76 B
1.3 EEBELE

A ALK 2 5 30, R B0 R B
KM R CTAB B4R BUCEE 41 DNA, kil A4% )5 3%
JC o BRE B A W AR A W BT 5 5.6 74 SNPs
FRAC (10 5 35 8 3 RS R o L3 A R o A7 3 PR Y
1.4 REFBHONES SR

FEFFRL L L B 1/2 0, FE AR B S B K
P RIS Ry — SO A R EA T ISR, O MR 1348 10
em AICE] ; 3 BRI TR RO IR A 150 AT AR
B W20 1 kg B B A4S, I T 105 “CHERE
HEAT 1~2 h R T, FE7E 65 C T LT 21 i & , 9K J5
— AR R i FLAR 0.25 mm i 45 .

AAFSE F B EAMH A JER NDF (ADF |
ATV PR RN AR ST 3 Ak s b KL 1 i
Z M GB/T 6432— 2018 e} b KL 2 1 A9 s 2L 1R
FERE ) B ERVERR T BUAT 5 BE R I 2 2 IR GB/T
20194— 2018l ik v JE A % £ I 22 eI )
(VR R 7 $04T s NDF (19 5 2 8 GB/T 20806 —
2006 TR PP IR EF 4E (NDF ) B30 52 ) 1 B R A
JF AT ; ADF B 5E 2 BENY /T 145— 2007kl
P P O Ak 4 ) 00 7 ) ) B E R P AUA T 5 T I R 1Y
B iR FH I - B 19 12 0 5 A A1 T b R
R TR 1 D R SN I A A T

28 GB/T 25882— 20107 I 5 K & i 43 4% )
XA A R R AT S Ay 2 (2 1) o A Excel 2019
B B EE VEA T B, FH SPSS Ge i+ x4k
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Table I Quality grading of silage maize %
I L

S PRI MMESERCAE R HED 2.1 RESGH B
Scale NDF ADF  Starch Crude protein W5 285 5 R SR R R B 7 i 6.46 Y0~
— % First <45 <23 =25 =7 13.35%, A8 5 R B0 Ay 13.08% ; 3& M & i 6.71 %~
—4¢ Second <50 <26 =20 =7 18.02% , 75 5 Z ¥ K 20.77% s NDF 4 1 40.83% ~

=% Third <55 <29 =15 =7

1.5 SEREAXES M AR %% E E A T

R A $5c /NS5 67 B PRI (minorr allele frequency,
MAF) = 0.05 HHEA BRI A< 20 20 AARIE , i 1€
5T SNPs. T R 4.2 15419 GAPIT I & 42,
F IR A 28 P Y (mixed linear model, MLLM) %} 3
TUFIHE N R AT 4B N 2 SCHrir  LL P<<0.001 2y
B {EL, %25 45 KM H JE8 \NDF L ADF | #]
VMR FVASD T BT Ak 28 1 G HE QT Ns (quantita-
tive trait nucleotides) ; [A] i, 2% Shim 25 2V I vk 1
B3t I 2 SNPs 1Y 6 AU AR S fiff B % (phenotypic varia-
tion explained, PVE) . 7EMEAN |, 454 FoKkB73 S
F B2 (Ref Gen V4) , R A W5 B 40 b7 F- B, i
T AR DG A e BE 1A

65.26% , 25 S 2 B M 5.38%; ADF & & 19.46 %~
37.58%, 78 S R B M 12.31%; A I kB S &
4.31%~35.84% , 78 5 REUCR 44.97 V5 ARSI BT
b3 37.05%0~57.73% , B F RE R 7.59% (£ 2) .
Ho HIEASRE=7% B4 181 AL &R T & =
15% A 81y ; ADF & 5 <<29% WA 114 )y, <
26% WA 510y ,<<23% 1A 1143 ;NDF 5 #<55%
A A8y ,<<50% BYA 743, <<A5% A 11403 #% 1R
BT KSR HARE (R D) A 170 A 58 R Y b
FEE =g bRitE, 2 9k 14D1310.,15D551 . 16XH-51 .
17HG825, 17HG837. 17HG850. QB44. QB193,
QB196.QB506 .QB662.QB2663.QB2721 . QB2778
QB2894 . M03 Fll Mei22, H rh QB506 1E k4 % 818
RS, © T 2019 458 o BN I F K & A7 &
IR 2R

R2 ISBHEXREZREERBEIT ST

Table 2 Statistical analysis of 183 inbred lines for major quality traits %
E2N e 2% FoME FoRME ¥iE il 2 VES 5 AL
Traits Range Minimum Maximum Mean  Standard deviation Variance Coefficient of variation
HLHE A Crude protein 68.90 64.60 13.35 9.97 0.01 0.000 13.08
TER Starch 11.31 67.10 18.02 13.97 0.03 0.001 20.77
kR £T 4 NDF 24.45 40.83 65.28 56.20 0.03 0.001 5.38
PRIV 4 ADF 18.12 19.46 37.58 28.05 0.03 0.001 12.31
T PEAE Soluble sugar 31.53 43.10 35.84 16.53 0.07 0.006 44.97
o TR 20.68 37.05 57.73 47.12 0.04 0.001 7.59

In vitro dry matter digestibility

itk — 20 T AN TR IR 1] AR OGP, X KR
H I JER NDF (ADF | o] J M R ST 4 5t i £k
RAEHRTIT B T Pearson M E# (F 1) s 45 R %
B, UE A B i 5 R AR B i ADF RTA] I MR R S A
i3 M 56 (P<C0.01) 5 M 56 &R 800 3l b —0.27,
—0.21 F1—0.42; "] ¥ 0 5 ADF &2 18 34 ¢ (P<<
0.05) , #H I R E R 0.18; 1) NDF 55 1] %5 M4 2 4%
F AL (P<<0.01) , MK AECH —0.30.
22 FEZBXREMERHSHW

HRAE 3 53 o3 W 5 R L R85 8, 7K 183 4y
HEERRBI A ANKRE(E 2A) . Hd, T E%
fuHE Suwan FiS, Q1 T32; 11 BE T ZALFE lodent F1 5,
G HCL645; [l #f 3 415 Lancaster i1, 41 Mo17;

IV 32 2404 Reid FJ5, 40 Shen5003, 45T Kinship
3 M (B 2B) , KB RFR S F A8 R AT SR 4 00 R R 8
$70.0~0.5, {0 #4534 0.5~1.0, F % 1834y A
AE R BRI RBGE . [, AR LR
VB A AR B T I St A T 4 3k R 21 S R4 o
23 EEFEAXBEST

FRAE S5 /NG FE PR R MAF =0.05 HAFEAR Bl
R<T20 % bR, Tk H 40 498/~ i & SNPs JH T
SIS M. A MLM AR 73551 3 5 1 31,
61.11.36.20 1424~ S5H 1 JEH NDF (ADF  A]
VA T A S 1 40 5 9 A 38 I 25 R DG B SNPs (P<<
0.001) (K 3).

SR A 1Y SNPs 43 AR 15 9 A o fAk |
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In vitro d;y matter . [7 I q li q
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nee . @) PV 49
Crude protein 0.33
WL VLN F 4 ADF . gD
0.00
i b . ¢
Soluble sugar 0.33
FEHy Starch . V
0.67
BRI LT 4E NDF .
1.00

*FRIN L FH A (P<L0.05) 5 #+ KRR L FAIE(P<0.01), * indi-
cates significant correlation (P<C0.05) ; ** indicate extremely signifi-
cant correlation(P<<0.01) .

Bl FEAREED.EH . PERRTE BRUERRTE. T
A ERER RSN T BUE AL Y Pearson 1B R M5 4
Fig. 1 Pearson correlation analysis of corn
crude protein, starch, NDF, ADF, soluble sugar
and in vitro dry matter digestibility
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AR S i e e e e o

5 ADF &} 3% A 5& i SNPs 43 45 7E 8 [EXZ NI
(B 3D), Horp 2 5 e otk 1A 94,451 6 5 e fa ik
EAA6A 3 M8 TRk L&A 54, 1556
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Fig. 2 Principal component analysis (A) and Kinship analysis (B) of 183 maize inbred lines
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Fig. 3 Manhattan plot (left) and QQ-plot (right) of crude protein (A), starch (B), NDF (C), ADF (D), soluble
sugars (E) and in vitro dry matter digestibility (F)
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FAH G SNPs 1Y KA S fif B3R 5.79%0~11.33%,
Horp i F 6 5 YL o fk 1/ PZE-106069016 2 7 A% 5
il R e o

E— W BB, A AR AE S AEE— T 23K
R PE . Hod 65 0 A fk Y SYNG712,
PHM1190.3 fI SYN7541 [A] 5 5 yE ¥y A9 57
b 25 8 3 5B SYNG712 X 3 AL Ah 19 5 i1 1k
O R BB iR B R 3 5l 6.66%. 5.80%;
PHM1190.3 X J& 43 FAR SN T4 [0 T fb 3 1) e U AR 5
B R 10.72% . 6.45% s SYN7541 X ¥ #53 il
PRGN BT AR 1) SR T AR AR R 43 1 R 6.12 04
7.27%. A5 Y@K B PZE-104072386 [A] B 5
ADF | 1] 75 1 b 25 DG Bk, 28 R0 AR S it e 2 40 il oAy
6.41% .6.18% -
24 SYMRAMENTREETMRIYN S

SYN6712. PHM1190.3. SYN7541 #1 PZE-
104072386 JE A I8 K& BIW 230407 15 o FEAHF 5 44t
KA A 164 M OBHE SYN6712 #5747 T/T £
AL 100 pBHE AT C/C R AL, 4 0y p kM T/C 3
PRIRY, LA 50 A RHIE R AL B2k 5 I HLAR 2 7 a5 #5 7i
T/ T R R H 31 C/C JE R R R TR 5 1
FAER S+ W B3 1 A6 5 53 5 ~F- 24 14 fn 3.80% FI

3.62% , 2= BRI 8 7KF (P<<0.001) (E1 4A)
VEHA T/T A8 SYN6712 B S & A8 5, 7E
PHM1190.3 4 164 ¥ HE T/ T JER AL, 15 4y 44
B C/C LR, 2 (3 MRk T/C FEH A, HAy
2 BRI R AR G 5 BE R AR T /T Mk} EL LR ALy
C/C HH B TE B & 5 AR S92 3 1 2R 5331 °F- 1
o 4.12% M 2.76 %, 25 5 43 35 Bk W2 (P<
0.001) F1 i Z /K (P<<0.01) (K1 4B) , eI T/T A
A PHM1190.3 M4 57 45 00 A8 57 o 7E SYNT7541 |
A 131y # R A/A S AL, 44 0y MR G/G
LB LAY SOy RN A/G B FER B A/
ABPEHEEEH AL R G/ G AR AR 4 50 A%
¥ 2.74% , 22 Rk B 3 (P<<0.001) , 17
S ST VE A A A R E R (B14C) . 7E PZE-
104072386 b4 121 (AR5 A/A JLRBY, 49 (i #F
BHEH C/CIEAL 9 A BT A/C IR AL, Ho4
445y WA Rk S DR A G 2 5 366 PR AU A A/ A B ) L 3 ] A
i C/C B BHE ADF F1A] 7505 5 £ 43 501 7 B BRI
2.03% F14.39% , 2 5 ¥y 35 B W % (P<<0.001)
(FAD) . Horp SR A = HAsEMN 17100 A X &
2R EIEFEMTRIAE 24 KU
F(%3),

SYN7541 PZE-104072386
80 SYN6712 08 PHM1190.3 80 PP .
£ Exk g sk g kg ok 2 —
260 2 06 — 2 60 — S 03 %
[ 5 .
o] O O % S
2 40 E = 0.4 E = 40 - “ 02
N & S ns ®
@’ 55 4 = mm a | = EE b
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Starch  In vitro dry matter
digestibility

T RSN AR
Starch  In vitro dry matter
digestibility digestibility

AR Traits AR Traits IR Traits IR Traits
R (K5, ns R TG B35 25 57 5 0 3R R P<L0.01; #%/R P<<0.00 1;*##+37R P<<0.000 1, f-test, ns indicates no significant difference ;

TR AR R
Starch  In vitro dry matter
digestibility

AT RN

Starch  In vitro dry matter

** indicates P<Z0.01; *** indicates P<0.001; **** indicates P<<0.000 1.
B4 SHUAREMTRREGBESH

Fig.4 Analysis of phenotypic effects of allelic variants of multiple-effect loci

2.5 BREERERN

FE X ARG AL 7 s I TR S A, 45
I8 R B (www.maizegdb. org) , X i v 5 AT
TRE T RE , T4 AL BT A A e JE DR 3 3k DA T
FEPR 5 FAIPRAR 22 18] (0 SCI0E P | i 3 4 S HH DGR 1
fRGEEE . o [R5 5E K RS B A
FH A SYNG6712 PHM1190.3 FI SYN7541 4351 5
Zm00001d037272 . Zm00001d037386 F Zm00001d03
7532 M SBR[ ADF | ] 35 P 25 A 6 0
PZE-104072386 5 Zm000014051166 #8516k . Herfr,

Zm00001d037272 Gt o- H 25 WE TG , W 2 B A A
W ER 10T N - SROME A 1 110 D S G 5 70 A 400 200 R R v
WHER A R N- RS, o H BEME T BT N-2
W BB T 2 42 5 ) 4 R R 2854 5 TR I, o T S
T Y 2 I8 VT BB IR T IR K B At LR i R
TR T % e, 3 S AR AT B AL [, 2 5 6%
R, STEmIIEE NG, Zm00001d051166
A DR TN TR ik I, A R A AR R AR Y
KRG 2 — , 2 5l i AR AR AR AR ) F ADF
AIFEZEA
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Table 3 Allelic variation of polycistronic loci

in 17 maize inbred lines

3745 Loci

o

Material ~ SYN6712 PHM1190.3 SYN7541 PZE-104072386
14D1310 TT TT GG AA
15D551 TT NN AA AC
16XH-51 TT TT AA AA
17HGS825 TT TT GG AA
17HGS837 TT TT GG AC
17HGS850 TT TT GG AA
QB44 TT TT AA CcC
QB193 TT TT AA AA
QB196 TT TT AG CC
QB506 NN TT AA CC
QB662 TT TT AA AA
QB2663 TT TT AA CcC
QB2721 TT TT AA CcC
QB2778 TT TT AA CcC
QB2894 TT TT AA AA
MO3 TT TT AA NN
Mei22 CT TT AA AC

NN COREEHEF R, Note: NN is the deletion genotype.
3 i #

31 BEMEXREANEEMH

T IR R A BRI RN A
Rt — k. BB, REF T EREMAAER
FEMEZ — R R HEE AR EETHEE
T E AR A R Y AT MR 2 — . ARBIF9E BB 17 4y
H 28 Z 1 A A 7 I R OK A B = bR ife, EL 17 1
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Genome-wide association analysis of quality
related traits in silage maize

LIU Pengfei', WANG Dong"*, CHEN Zehui', GUO Xiangyang',
WU Xun'?, WANG Angui', TU Liang',ZHU Yunfang'

1.Institute of Upland Food Crops, Guizhou Academy of Agricultural Sciences, Guiyang 550006, China;
2.College of Agriculture, Guizhou University, Guiyang 550025, China;
3.Ministry of Agriculture and Rural Affairs Key Laboratory of Crop Genetic Resources and
Germplasm Innovation in Karst Region, Guiyang 550006, China

Abstract 183 maize inbred lines were planted in Guiyang according to a random block design to pre-
liminarily study the genetic patterns of the content of crude protein, starch, neutral detergent fiber
(NDF ) , acid detergent fiber (ADF ), soluble sugar, and the in vitro digestibility of dry matter in maize.
The content of crude protein, starch, NDF, ADF, soluble sugars, and the in witro digestibility of dry
matter in maize was determined. The Maize SNP 50 chip was used to genotype materials tested. Genome-
wide association analysis (GWAS) with the mixed linear model (MLLM) was performed. The results
showed that 31, 61, 11, 36, 20, and 42 single nucleotide polymorphisms (SNPs) sites were identified to
be significantly associated with the content of crude protein, starch, NDF, ADF, soluble sugars, and the
in vitro digestibility of dry matter in maize (P<C0.001), with the explanation rates for phenotypic variation
of 5.80%6-11.40% ,5.78%-11.38%, 5.78%-7.85% , 5.81%-10.37 %, 5.78 %-7.35% , and 5.79%-11.33%,
respectively. It was found that SYN6712, PHM1190.3, SYN7541, and PZE-104072386 belong to a pleio-
tropic locus. Among them, SYN6712, PHM1190.3, and SYN7541 on the chromosome 6 were significant-
ly associated with the content of starch and the in vitro digestibility of dry matter, while PZE-104072386
on the chromosome 4 was significantly associated with the content of ADF and soluble sugars. The results
of allele identification showed that the T/T genotype was an elite allele of SYN6712 and PHM1190.3, and
candidate genes including Zm00001d03772, Zm00001d037386 , Zm00001d037532, and Zm00001d051166
were identified. It will provide theoretical support for the further studies on the genetic mechanism of quality
related traits in maize including the content of crude protein, starch, NDF, ADF and soluble sugars, as
well as for the molecular markers assisted breeding.

Keywords silage maize; quality traits; genome-wide association analysis (GWAS) ; single nucleo-
tide polymorphisms (SNPs) ; elite allelic variation ; candidate genes
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