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WE: ALEZREE DA AR, EE2FETAINFRERASKESETMNET 209 DA RARGTHEE LK,
BE AL R 4 AT AR KRR, B AT 4 AN E AR X A B TuGW2-6B. TaGASR . TaGS-D1 #» TaCWI-44 #) KASP #7383 A&
KAARATRE RSN, EREAN, TEADEF AR BFEARAERRFE. TEE BER ETRERESALES A A
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A Hle #= Hlc/Hlg PP 45 A 3 7 45 A Hic R E A4 93.10%; TaCWI-44-1523 ¥ 53X 4 #F R 5 Hap-4A-C #= Hap-
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Detection and Validation of Grain Weight Related Genes
using KASP Assays in Ningxia Wheat Germplasm
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Abstract: To analyze the yield potential of common wheat ( Triticum aestivum L. ) using high-grain weight
germplasm resources in Ningxia, here we conducted the field trials for detecting grain weight under the ecological
conditions of the Yellow River irrigation area, as well as marker-assisted analysis using four functional KASP
markers TaGW2-6B, TaGASR, TaGS-D1 and TaCWI-4A. Four grain-related traits consisting of the thousand-
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kernel weight ( TKW ) , kernel length ( KL ) , kernel width (KW ) and kernel thickness ( KT ) of 209 wheat
germplasm resources were measured for 2 consecutive years. The results showed that wheat germplasm resources
had abundant diversity on grain-related traits. The distribution ranges of TKW, KL, KW and KT values were
29.73-56.25 g, 5.82-7.57 mm, 2.87-3.83 mm and 2.74-3.55 mm, respectively. For TaGW2-6B, two haplotypes
( Hap-6B-1 and Others ) were detected, while the elite haplotype Hap-6B-1 accounted for 62.44%. For TaGASR
two haplotypes ( Hlc and Hlc/H1g ) were detected, while haplotype Hlc accounted for 93.10%. Two haplotypes
Hap-4A-C and Hap-4A-T at TaCWI-44-1523 were revealed, and the elite haplotype Hap-4A-C accounted for
76.41%. Two haplotypes TaGS-D1la and TaGS-D1b at the 7aGS-DI were revealed, and the elite haplotype
TaGS-Dla accounted for 86.50%. The locus 7aGW2-6B was found to be significantly correlated with TKW and
extremely significantly correlated with KW and KT. 7aGASR was found to be significantly correlated with TKW,
KL and KW. TauCWI-44was found to be significantly correlated with TKW, KW and KT. Based on the genotyping
results, seven haplotype combinations were revealed. The combination of Hap-6B-1+H1c+Hap-4A-C+TaGS-
Dla represented a significant positive effect on TKW, KW and KT, while the combination of Hap-4A-C+TaGS-
D1a represented a significant positive effect on KL. Taken together, three genes TaGW2-6B, TaGASR and TaCW1I-
4Amight become elite makers on selection of the wheat grain weight under the ecological conditions of the Yellow
River irrigation area in Ningxia. Out of 209 tested genotypes, 14 high-grain weight genotypes ( 1000-kernel

weight > 50 g ) were identified, and nine of them have stacked elite haplotypes of four grain weight-related genes.

Key words: Ningxia wheat; grain characters; grain weight-related genes; KASP assays
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- RN e VI o (N 2 & LR 4
BT RZ TR 8 M QTLs ", Jf H., — 4k & 4H
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5B 1 TaCWI-5D, b, #E TaCWI-44 J5 8 T~ X %
& T Hap-4A-C 1l Hap-4A-T ¥ Fft BA 4% %0 75 T 5
X, Hap-4A-C J& 5 B Y, 5 BB BRI AR OG ; 75
FEE X, Hap-4A-T J& f 57 545 8L, 15 T 5 1E A
5. Zhang %Y MU R BERE T KRR R T
FHICHE A OsGS3 1 [l 5 JE K TaGS-D1, F1) FH 3% 4
Sy BT LSS R A 2 0 Bl JLE i AE 7DS b, S
iC Xbarc184 M1 8.0 cM. TaGS-DI 1 4 4k . 1
F3 AP T2 R, MR AR5 2 AN F Y 40 bp
InDel JF & T — AN 3L B ERIC GS7D, KREE A1 3
B, GS7D W fift B¢ i B FIRL 98 16.3% F1 7.7% 11 3%
RIZE 5 FEKAE T, OsGASR7 ( 0s0620266800 ) -
B P R B BE BE IR, ZINFE Y GASR7 8% 5 v A
S-LRVERE, FE I/ NAE 3 AR IRl PR I N e 4
H TaGASR7-A1 f£1E 2 Fh L5 A1 Hlc #1 Hlg, 7F 4L
J& 5 d FAPRL, Hie AR B KT Hig, iEW]
TaGASR7 JE/INAE R K ) 32 B35 A5 s R, P
i BAT 2238 >,

Wi LB kR, D ek TIRZ Y
AN MERAR DG 3 FhRic , (R RS 14 F Tl
Bh & Rl JE 45 g T L AR RAE R E Y
IR I AE T e B AR DL, AN )l DX R 2565
RIS IE G 16 HH A A AR A 25 X A REAS 400 T e U 2
FERHE B E M AT IR, %T I, AR5 L) 209
A3 /INZ2 0GR UR R R, I TR R
T FIURL R A5 b5, A 4 AR A S TaGW2-
6B .TaGASR . TaGS-D1 Fl TaCWI-44 1) KASP Fric
EATIE T S o0, DA B 7 3 /N 2 i o 9 Dok
KT FAHDCTE R 9 73 A AT, e o B PR A8 S 21
XPAFARL R MR I 255 8500, BT iR bric AR 5+
AP A T H G X AT BEHE, A
S FAmCA B B AR AL S RISk S5 R A
TN AT
1 MRERE
1.1 RIeArRl

Z: A B3 209 £y (3 I http : //doi.org/10.13430/
j.cnkijpgr.20211225001, fff % 1), i 7° E AL MEL 2
BEARAVEDIIETE T SR S PR oY = e ik, Horp P AR
MR 121 63, R E SRR 74 4y E AR5 AR
14 1535 Z/NERBE 109 43, /N REL 100 17 i
5 AR T Bk T B R T AR MBEBEAAE
YIWT5E T B RhEHD ( 106°14'E, 38°14'N ), & /N 4%
T 2017 4E 9 H 28 H A 2018 4E 9 H 26 H #&#h,

F/NEHITF 2018 4F 2 H 26 HAI2019 4E 2 H 27
Hi&F, /NXAFEHN 1.0 m, 347X, 2 REE 1T
0.2 m, 35 350.0 JIRL /hm®, B B[R] 45 3

1.2 KA *E

121 FFRCFHLE MK FLEFRENE /N2
BJE N TR kL, A 2RIRT 2K 458 < 13%, Bl
HUFFRL ] NI Seed Count 5000R 454 il 7 115 43 Mr
RGHATHARIE , FEZHE TR KPR B AT
LT BE FURFRE R BE A58 . B ABRIE 2 4F 3k 4
WH R, BRI E MR T 300 K, 555
O ELIR R EE N2 N Sl =

1.22 E[E 4 DNARE &0 A B 6~8 Fi F
TETHA IR EIR I, TR, A 7d
Jo , B RORL AT L 3 BRI 29 0.2 g FA
2.0 mL B4 P AT 5 CTAB 128 i B
KN4 DNA, BT -20 CokFi% .

123 SIMEE AWUSER 4 AR E A DG 1
KASP #ric (£ 1) XHRA 50 AR AT A DU, AR 4 2
KFEESCHR [ 16,20-21, 23 JREL 4 R0 F A I K
() S B DX 5], FEAR 4 KASP 595 i1 s ), 561
2E 5 R TEPIAS PCR 514, T 53 0 _E AR 4%
% %) FAM ( 55 GAAGGTGACCAAGTTCATGCT
3') Ml HEX ( 5"GAAGGTCGGAGTCAACGGATT
3%), Al B T — 2% 38 F 0 B2 1) 5 140, DAARIE S 3 2
K <120 bp' . 6 T A9 KASP 43 T A1 51
YIFs) (£ 1) B LERA ARG RA F A .
ARG 3 25519397 B 100 pmol/L, 51 #1R
BIR R 2 FAn% 51945 12 uL, @ R w514
30 uL, ddH,0 46 L, 3t 100 uL.,

1.2.4 KASP #RiZ&M  Fric iY 5 BRRL 53 B % H
Quant Studio ™ 7 Flex 5 i 5 H# PCR & 4t i 17
PCR JZ i & & J: #5 Hix DNA (50 ng/uL )2.2 uL,
KASP 2 x JZ W iR AW 2.5 uL, MgCl, ( 25 mmol/L )
0.04 uL, 51 ¥R A (10 pmol/L ) 0.056 uL, ddH,O
#hFE % 5.0 L, PCR )7 ML %HE—:95 °C 15 min,
1 RAEFR; 2. 95 °C 20 s, 65~55 °C 1 min, 10 IX
TEFR (CRRRAEABEAR 1.0 C ) 5 2PHE=:95 C 20 s,
57 °C 1 min, 29 WAE I, Sy ik G X3k 56 235 2R 1) 15
I, B A AN IR, H DNA Bt ddH,0 108, #
FH Quant Studio™ 7 Flex 9¢J¢E ALY EEY =1
MIDEIEAF S, K= 7 BRI 5 38 30 Quant Studio™
Real-time PCR Software v1.3 52 35 08 n] A1 1k K
SERHE

125 SMNEREMIE DITHREKT S0 g, JFH
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Table 1 Four markers and their primer sequences which associated with grain weight-related genes
S bric & Alleli FAl S1FE1(5-3") SIWFE(3-5") 275 3k
clic
Gnen Assay o . Phenotype Forward primer ( 5’-3") Reverse primer ( 3'-5") Reference
variation
I GAAGGTGACCAAGTTCATGCTGT AGGCTTGTCAAAACG [19]
TaGW2-6B  TaGW2-6B  Hap-6B-1 & THRiE
TGGTGTCATTTGTAAAGCCCA TGGGGTCC
GAAGGTCGGAGTCAACGGATT
Others KT E
GTTGGTGTCATTTGTAAAGCCCC
I GAAGGTGACCAAGTTCATGCTAT ATATGTAGGGCAG [26]
TaGASR TuGASR Hle TR
AACTGCTCACCCCCCACC GAAGGGC
. GAAGGTCGGAGTCAACGGATT
Hig ICTRi
CACGGTAGAGGAGCCGGTTC
GAAGGTGACCAAGTTCATGCTTT CATCGAATTGAAGAAA [23]
TaCWI-44 TaCWI-  Hap-4A-C  FTHi#E  TATTTAAAATTTGATGAACTTTTC AGTTCACGC
44-1523 ATAAAC
GAAGGTCGGAGTCAACGGATT
Hap-4A-T f&THkiZE  TTTATTTAAAATTTGATGAACTTT
TCACAAAT
e —vr. GAAGGTGACCAAGTTCATGCTGC CAAGAATTTTGGGACG [24]
TaGS-D1 TaGS-DI ~ TaGS-Dla  #&THiE
CAAGAAATGTCGCTCTCAG GAGGGA
. GAAGGTCGGAGTCAACGGATT
TaGS-D1b  fik-T-HiE

GCCAAGAAATGTCGCTCTCAT

FHAIHL S FAM F758)731 , (ER LA HEX 747571

The portion marked as bold italics in the table are FAM labeled sequences, the portion marked as bold upright are HEX labeled sequences

[T 4 AN SERIBRIC PG 5 A% R bR v i 8
1.2.6 #H#E St  F Excel 2010 FIl IBM SPSS
Statistics 22 ( SPSS 22 ) X B 1748 11 7 22 M A
Kt oM. FH Excel 2010 4831 A [] B B 4 425
I K bR 85, FH SPSS 22 #:1 MEANS 3 4 i
1f LSD ( Least sig-nificance difference ) #1 Duncan £
3 53] b A e DR LA R ) AN i) 35 PR B AR 2 45 T
25 ENE.

2 ERG5HM

2.1 TENEMEFIETHE A ALEE R
o

DO o 7 W 7 S 9 R R VA END YA SN YA L 1A
JB AT T 244 E E W (TF W http: //doi.
org/10.13430/j.cnki.jpgr.20211225001 , Fff & 1), X ]
TE BRI TG 5B, S5 R R A S B R
ARICHIE TR EAFTER AL (£ 2), WA/,
BN RFRR OB , 4 /N22 013 TR A
B K9 T /N E 1.08 g(2.52% ) F10.09 mm

(1.37% ), ik & Ak JE 43 51/ F /N4 0.02 mm
(0.58% ) 1 0.01 mm( 0.31% )( £ 3), BEKE, T
BN TG IR (A5 R R ) 19 TR E K
VA A RN S TR (42,9 ¢4)
0.76 g(1.77% ) (£ 4) ; ZIHAM B TR E= 45 ¢
M4 82 1, ik 39.23%, {H s T-hiE (>50 g) %%
V5w >, AU 14 0y, S0 B 6.70% , Horp
HAMM B 6 13, 53002 84 fin Ll 2 % FFLl 3
5 AF 35 T 20 SH 875067/S4055-6,

2 SRR S R

Table 2 Results of grain characters of the test materials

EYME + B R

LEIN KM EB/MA s N
: N - BAEE M

Trait Max. Min.

Mean+SD cv
TRiE (g) TKW 5625  29.73 43.44 £ 4.66 10.72
K (mm) KL 7.57 5.82 6.64 +0.34 5.16
LB (mm) KW 3.83 2.87 3.41+£0.16 4.56
FIE (mm) KT 3.55 2.74 3.20+0.13 3.94

TKW: 1000-kernel weight, KL: Kernel length, KW : Kernel width,
KT: Kernel thickness, the same as below
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Table 3 Comparison of grain characters between spring and winter wheat

(4RUN TN ZINAE RABFE + (%)

Trait Spring wheat Winter wheat Winter wheat is more or less than spring wheat
THIE (g) TKW 42.86a 43.94a 2.52

Kt (mm )KL 6.5% 6.68a 1.37

KL% (mm ) KW 3.42a 3.40a -0.58

KIS (mm ) KT 3.19a 3.18a -0.31

TR G /NG FEEFORTE 0.05 /KF 1285 W, R IF]

The lowercase letters followed the data in the same line indicate the significant difference at the level of 0.05, the same as below

R4 FESRBE/NEMRERERRFRGEIT RAFRIEK LR

Table 4 Statistics of gene haplotypes and grain characters comparison between wheat germplasm resources from different

sources
U TaGW2-6B TaGASR TaCWI-44 TaGS-D1 T ik Ri5E i JE
VN
S Hle/  Hap-  Hap- TaGS- TaGS- (g) (mm)  (mm)  (mm)
ource Hap-6B-1  Others Hlc TKW KL KW KT
Hlg 4A-C  4A-T Dla DIb
o M|
TRAE
. . 81 36 105 12 97 16 106 12 43.66a 6.63a  3.44aA  3.20a
Ningxia materials
r ] At DX e
Materials from other 34 32 73 0 41 27 59 9 43.52a 6.66a 3.39aA 3.18a
parts of China
Ry
8 6 11 2 11 3 8 6 43.42a 6.62a  3.28bB  3.09a

Foreign materials

VRS A R RS F-RFORTE 0.01 /KF F2 5 W3, I

The letters followed the datas in the same column indicate the significance of difference , uppercase and lowercase significant difference at 0.01

levels, the same as below

22 4NHEHXERETENEMREFFERHET

BRA

H1 T KASP 51H 51, £ S0 209 4 #4
K, TaGW2-6B Fric 51 Y178 K 197 43 44 4L,
TaGASR Hric 51 ¥ &R 203 1 #4 %}, TaGS-D1
FRiC 51 P04 ORI 200 43 #18}, TaCWI-44-1523 F5
ICH AR 195 B34 k)

R A3 A R (LB 2), 5 Bl A R, 4
ANRL A G L R AT 2 R A Y . TaGIW2-6B 11
2 Filt B4 £3% U 3 Hap-6B-1 Fl Others, H: v 123 {4 #1
BER S 4% 7 Hap-6B-1, i Z X6 BHE 62.44%
TaGASR () 2 Fhef% %1% Hic Ml Hlc/Hlg, i 189
By R R A T BRAE Y Hie, 5 286 B 93.10%;
TaCWI-44 [ 2 R H45 5k Hap-4 A-C Fl Hap-
4A-T, Horv 149 3 M4 6E A 16 5 B0 43% ) Hap-4A-C,
i 2R MR 1 76.41%; TaGS-D1 (1) 2 Fh B 435 70 Ky
TaGS-D1a il TaGS-D1b, 1 173 4 b1 LR 5520
5% TaGS-Dla, 5 2 EHI 86.50%. 7] UW., 4 4>

r TR OGS PR ) P S A R A T B/ N R o
By b, #E— 2R, R 4 S5
B/ FRic e s AG T A AR 84 1, SR
40.19%; AR 4T 3 LS SRR MR 61 17,
i SR 29.19% ; [RI I 2 ML BB 1
MR 54 0y, (S BT 25.84% , U5 1 ASFI
ANHEAT S A5 R R R 10 0, o5 S R
4.78%.
2.3 MEHEXEERERERFAERERST
L 458 4 AT 22 W, 4 0 B AT 56 36 RO [R) PR
U5 ) FF R bR 8 R R R AR (6 5), Hid,
TaGW2-6B F R T-RidE i v kiR 3 5,
2 BT Bk R 4> 9 R 2.77% . 6.31% F1 6.21%, H
A% 7 Hap-6B-1 K R i 5 3 Tk 1 W 44.04 g,
B Others BAA5 U FA B 5 1.63 g(3.84% ), 22 535 ik
E K- (P=0.019 ) ; H145% 7 Hap-6B-1 #1173
K756 M 3.44 mm, ¢ Others FAA% BB K] 96 0.08 mm
(2.38% ), 2 5 iKW i 3 /K SF- (P=0.000 ) 5 BA£i5 7Y
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Fig.2 The distribution frequencies of different haplotype of 4 grain weight-related gene markers
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Fig.1 Genotyping diagram of KASP markers related to grain traits in test materials
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FEA Gene
2 ANNEERARRRER SRR

TaGS-D1
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Table 5 Contribution rate and correlation of 4 grain weight-related genes to TKW, KL KW and KT

TR TKW R KL ALTE KW R KT
FHEPSC . . e e
77 I 111/ oy DUMR e DUHR v ey DK
R Rl HXREC S M RGRECL I RGREC L M MR
Gene  Haplotype quantity (g)  Correlation (mm) Correlation (%) (mm) Correlation (%) (mm) Correlation (%)
Mean  coefficients Mean coefficients ’ Mean  coefficients Y Mean coefficients P\:E
TaGW?2- Hap-6B-1 123 44.04a 0.166* 2.77 6.65AB 0.027  0.07 3.44A 0.025** 631 3.23A 0.249**  6.21
6B
Others 74 42.41b 6.63AB 3.36B 3.16B
TaGASR Hlc 189 43.68A 0.185*%* 3.44 6.67A 0.277** 7.68 3.42a 0.140* 197 320abAB  0.098 0.95
Hlc/Hlg 14 40.39B 6.32B 3.33b 3.16abAB
TaCWI- Hap-4A-C 149 43.86a 0.150* 2.27 6.64AB 0.040 0.16 3.43a 0.174* 3.02 3.2la 0.181*  3.29
44
Hap-4A-T 46 42.22b 6.67AB 3.36b 3.16b
TaGS- TaGS-Dla 173 43.58abAB 0.059 0.34 6.64AB 0.113 1.27 342abAB  0.117 1.38 321abAB  1.000 1.01
DI
TaGS-D1b 27 42.78abAB 6.67AB 3.37abAB 3.17abAB

T FIR 0.05 KCF FRFEMHDG T IR 0.01 KBS

"means the significance of correlation at 0.05 level, " means the significance of correlation at 0.01 level, PVE: Phenotypic variance explained

Hap-6B-1 #1 BP0 54 3.23 mm, 45 Others HL
£ BURERHE 0.07 mm (2.22% ), 22 5 354 i 7K F
(P=0.000 ), FHICM:A TR, TaGW2-6B 5 T ki
LT S5 RS A | ALY T S STTRSE AN UR |
PR NTE N

TaGASR X T ki T R FURL 98 5% 0 & 3%, 36
A 57 #k R 5 51 N 3.44% . 7.68% 1 1.97%., H:HA%
A Hic #BHGEY TR 80 43.68 g, 542 &7 Hle/
Hig £ Bl 5 3.29 g(8.15% ), 2 5 ik W i 3 /K F
(P=0.008 ); Ff57HY Hic MRHGTIRE K 6.67 mm,
B2k A T Hlo/H1g # B 0.35 mm(5.54% ), 22 7
R 3 K (P=0.000 ) 5 FLA5 AL Hlc A1k 1
KT8 3.42 mm, B4 AR Hlc/H1g HARE5E 0.09 mm
(2.70%), 2% 5 ik & & 7K F(P=0.046 ). H 5%
PE 53 Mr & W, TaGASR 5 T ki & R K W B 3%
FH G, 55 OB TE I 35 A G, 5 OR0 R 1Y A 56 AN
iTE N

TaCWI-4A XF Tk 5 kL e FURLJE 52 i 8 3%,
FE R BTHR RN 9N 2.27% . 3.02% F 3.29%., A%
Y Hap-4A-C #HEHPF-3 TR0 8k 43.86 g, X Hap-
4A-T BAAERIAT R 1.64 ¢(3.88% ), 22 Fik W FEK
S (P=0.035 ) 5 B4 %) Hap-4A-C 1 R4 - 24 47 5
A 3.43 mm, % Hap-4A-T B £5 A1 b # 19 3.36 mm
$& 0.07 mm ( 2.08% ), 2 53k i E7KF- (P=0.015 ) ;
A% A Hap-4A-C B B F- 3 60 2 2 3.21 mm, 5

Hap-4A-T HA5 5 R RHE 0.05 mm (1.58% ), 22 533k
KT (P=0.011 ), AHXNE BT R, TuCWI-44
5 b R0 AL 2 AH G, 1T SR A A OGP
PN

TaGS-D1 %F Tk R 58 AR B 52 M 4
AN R TR0 0.34% . 1.27% . 1.38% F
1.01%. 2 Fh (%8 TaGS-D1a #l TaGS-D1b k1 kHE
SEH TR R RS AR R 22 R AR B3 (H
T-ki R G AR JE R B TaGS-Dla K T TaGS-
D1b

0L, 44 23R 3 R o, TaGW2-6B | TaGASR
H TaCWI-4A4 3 A~HE PR #5535 sl il S8 3 5 Ml AT 1Y)
Tk & HURL S5, [R I, TaGW2-6B 1 TaCWI-4A4 %
LS 3 Gl A A S 2 RN I 3B 2 I, TaGASR X kr K
B, 1] TaGS-D1 X ki PR 5 i A~
iTE N
2.4 4 PMREHEXEREERE S

AT 1A FUREE A L 5 B A% 0 0% 44 Ry
Bl R g e XA 2.3 F1 4 AR
HERI MR GE T BT (3R 6 ), 5 R, 4 R0
AR L RIS AL S A5 T A 25 R 25 v, 454 4
ASF 3 AR BAS AU G B PR TR 22 S ik #
535 KO R FIURL IR 25 538 B i 3% /K7 R K
AR ¥ 4 M 2 MR AR A
TR AR R 25 53 2K B B KO R e 25 5k
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Table 6 Comparison of grain phenotypes of materials with different elite haplotype
Mo B R R (RS THE(g) A (mm) ALPE (mm ) KEJEE (mm )
Number of elite haplotype No. of varieties tested TKW KL KW KT
2 54 43.00 + 4.30b 6.69 £0.31a 3.38+0.14bB 3.17+0.11bAB
3 61 42.87 +5.00b 6.62 +0.34a 3.38 £0.16bB 3.13+0.37bB
4 84 44.64 £ 4.22a 6.62 +0.36a 3.47 +0.14aA 3.25+0.11aA

RPEE P« b2, T

The data in the table are mean + SD, the same as below

FIM KT, B 25 S AN B 2 A 2 A3 A
Qv SR ESIUE P [T /YA R YA S T L WA LSS =
S NTE N

XF SRR AL S B I A BRI e K
(7)), BrEH AR 7 R s R gl A 40, HoAth 4l
AR D R TS, TLAE Y, Hap-6B-1+
Hlc+Hap-4A-C+TaGS-Dla £ & %F T ki & ki 5
FURL A 25 0 1 1] 8 424 T Rz 0 45 4R
HAS 3% ; Hap-4A-C+TaGS-Dla 41 & X ki KA i
10 1F 1) 94 45 4/ ] ; Hap-6B-1+Hap-4A-C+TaGS-

Dla 2 & X T-h0 5 R FRL 58 A I 35 1 67 1)
4 15 Hlc+Hap-4A-C+TaGS-Dla 2H & % ki J5E 4
2 1 ) 8 ¥ A D Hle+TaGS-Dla 41 & % fi
AT I 2 D T PR o LA 2 A WL i 4
YERIAR .3 o IS [R] B4 8 20 5 b4 H 0 250RT
507 44 0 5 4% R 4] 4 Hap-6B-1+H1c+Hap-
4A-C+TaGS-Dla [ ¥4 KL 84 4y, iz = T H At 5.
5 RV A H M RHEL, SR TR /N A & R R A F
I 7 L R X AR A G IR PR S PR R A T
Ra.

x71 EFETRMRRFRASTRRELILER

Table 7 Comparison of grain phenotypes of different elite haplotype combination
SR R TR (g) At (mm ) KL% (mm ) HrJE (mm )
Elite haplotype combination No. of varieties tested TKW KL KwW KT
[HIHI+IV 84 44.64 +4.22a 6.62 + 0.36ab 347 +0.14a 3.25+0.11aA
[+II+IV 27 43.30 + 5.62ab 6.60 + 0.31ab 3.39+0.20b 3.08 £ 0.54bB
HIIHIV 16 41.58 £4.11b 6.51 +0.34b 3.37+0.12b 3.16 + 0.09abAB
[+HI+IIT 18 43.17+5.21ab 6.70 + 0.36ab 3.37+0.14b 3.17 £0.13abAB
M+1v 27 43.15 £ 3.00ab 6.73 £0.28a 3.38+0.10b 3.17 £ 0.07abAB
+1v 8 40.73 £7.79b 6.61 +0.43ab 332+0.21b 3.13 £0.18abAB
I+111 11 43.69 + 3.29ab 6.72 £ 0.19ab 3.38 £0.16ab 3.16 £ 0.12abAB

I IL IO LIV 43 SRR TaGW2-6B . TaGASR . TaCWI-4A- TuGS-DI [{{) 5% % Hap-6B-1. Hlc . Hap-4A-C Fl TaGS-Dla
I, I, IIT and IV represent the elite haplotype Hap-6B-1, Hlc, Hap-4A-C and TaGS-Dla of genes 7aGW2-6B, TaGASR, TaCWI-44 and TaGS-D1,

respectively

2.5 BREMRREIRGE

£ 209 (r Z AR, TRLHE R T 50.0 g BB
B 140 (£ 8). Horh oy 4 Rt B & A 5L A
TaGW2-6B . TaGASR . TaCWI-44 F1 TuGS-DI1 ()1 5
BA4% % Hap-6B-1. Hlc ., Hap-4A-C il TaGS-Dla, 1

X9 TARLE AR, TR AR 3 4, 43l
F1 25 Fi 3 S84 th KM EA 2 4,
WRAHA 19 F1 875067-2; AL WL 2 403, 70 %
CA0333 Fil CA0864 ; 1] [ A1 K VG A1 kL5 A 1 7,
A 95339 FIKE 50-1-1,

P
2

P
7
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Table 8 High grain weight resource screening with TKW greater than 50 g and containing 4 elite gene haplotypes
g
ey s (AL ) 24 FR Haplotype T LIRS A AL
o Name o.f Va.riety o (g) (mm) (mm) (mm)
( combination ) TuGW2-6B TuGASR TuGS-DI TKW KL KwW KT
44-1523
1 XH3I S Others Un Hap-4A-C TaGS-Dla 56.25 6.92 3.71 3.40
2 %4 95339 Hap-6B-1 Hlc Hap-4A-C  TaGS-Dla 55.50 7.45 3.55 3.24
3 875067-1 Hap-6B-1 Hlc Hap-4A-C He 52.60 7.39 3.51 3.14
4 JHA 19 Hap-6B-1 Hic Hap-4A-C  TaGS-Dla 52.45 7.49 3.59 3.27
5 KX 50-1-1 Hap-6B-1 Hlc Hap-4A-C TaGS-Dla 51.40 7.10 3.53 3.29
6 Hil 2% Hap-6B-1 Hlc Hap-4A-C  TaGS-Dla 51.30 6.94 3.74 3.44
7 TH20 5 Hap-6B-1 He Hap-4A-C  TaGS-DIb 51.08 6.63 3.77 3.55
8 CA0864 Hap-6B-1 Hlc Hap-4A-C TaGS-Dla 50.80 6.51 3.60 3.30
9 P 828 Others Hlc Hap-4A-C TaGS-Dla 50.55 7.19 3.54 3.33
10 84 Hap-6B-1 Hlc Hap-4A-C TaGS-Dla 50.35 7.12 3.74 3.44
11 CA0333 Hap-6B-1 Hlc Hap-4A-C TaGS-Dla 50.20 7.07 3.57 3.37
12 875067-2 Hap-6B-1 Hlc Hap-4A-C TaGS-Dla 50.16 7.13 3.51 3.24
13 i35 Hap-6B-1 Hlc Hap-4A-C ~ TaGS-Dla 50.15 6.88 3.69 3.40
14 875067/S4055-6 Others Hle Un TaGS-Dla 50.05 7.57 3.54 3.19
Un: AR R E555 He: 285 B2

Un: Undetermined varieties, He : Heterozygous varieties
3 e

PN P R I R GO A e A LA A
FISE R , BEORTR /N2 P44 h EL A BB KO, H
A AR Bl s R AP 5o [ 5¢ R/ N = X ol
SN R BT, B R M A TR N
B PR N T FARMER 2 — L ST,
BT /N R R T LR 2 FE YR [ X
o TR TR 2 7 a0 A S TR B, % 7
T4 25 A R 0 S P B A LR
TS0 2 7 A AR B G 2 1 2 1 5
W TR R A 7 A 2 B — s R B
FHBEA KT R T RARK KR
1050 32 5 TR OB, SRR RSB T 4
I i 2 S A, 3 3o TR o Tl 1) s B A
W REAS H B T SR OS5 SR, TR T 7 R
R EEARRTIE ), ) B AT Bt % BRARG AT e
P PR B RIACR , R I 2k TS RS
B TR R BB B R AL 1S ST AL, i
FCHC I P 5 /N2 3 R A AR S ) [ R

LI, NI, M ETF LI ThRicfEAR
(R PR rh )3 M A R 5 3 i) R A — 2D
6, LG 66 HA A A A2 A5 X B REA S0V T R IR %
TEFIARBh B R FARe

WS, T B/ N Rl T AR R A MR 22 57
R Hop TR KK R SE RO SR R 5
JINME 43 5AH 22 2652 g, 1.75 mm., 0.96 mm F1 0.81 mm.
& AR /INZERPRLER ) B R B, 4 /N G2 -2 T
b RSP & /N 1T R 58 FURLR 43
BN TR INE 3 MR B RE T 48/ NZE AR /N
41005 S YN N B B L % S P T i
SRR TR0 T S AR RS R Bk T B A
b > v (5] Gl M DXORE L > [ AP B R, O R FE AR
BERF EAMIE, U0 LS 7 B AE N Y E /N
A2 TE e 7 1 A R v e A I 1] 3 R N i Ak
SR 5 [R) A 150 B 3 e e IR ) B R, TT LA
TLHAEREF M RMERE, TEME TS TR E
(>50 g) FIRALA 6 4y, JuILH E f Fp A 7745 20
U, RN RE T BN B RGE ) T R

+
éI:l o
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A = 23 %

FEK T 5 AR WY, 1 B/ IN 2 Tl o % A i
PRI S A B o e v (1L 1 161 2) TaGW2-6B
TaGASR . TaGS-D1 Fl TaCWI-4A {1 2557 Hap-
6B-1.Hlc. Hap-4A-C il TaGS-D1a 43 5l /5 2 i #1
L) 62.44% . 93.10% . 76.41% F1 86.50% . i I L
BT BN BRI PR S R A B X
PEHBERE , (HE I X R ARIR 8, 5 s B
AHOCHE K L S B R A 2 T ok P A BB B AR
ORI RS, EE TR SR, 4
AR AR5 A, EEA 7 FORRIAIL
SRR A (£ 7). AFEZEFE S AEAIA S
N2 BH , 4 A 3 PR NP 0N P 5, #5447 Hap-
6B-1+H1c+Hap-4A-C+TaGS-D1a 5 [K 41 & #1 B 9
B I AR AR A 8 i S W e i B S R
isf 35 PR R B A RGN #5191 U Hap-4A-C+TaGS-
Dla 4 & ki & . 3% 3% 0, 1 Hap-6B-1+Hap-4A-
C+TaGS-Dla AR i 2 (5K, KL, 76 B Fhd 72
TR i iR H R DR 8 SR (L] B A
B PO RE HURONE , F EL A I 1) REOE 1) 6 PR 3R 45 81—
e HEF R H ARSI,

RIS IE 1Y 4 400 Fhnic, TaGWw2-6B 7 Ff
P Tk 8 (F=5.554, P=0.019 ) 2% 53k i 37K
S, ki BE (F=13.144, P=0.000 ) F1 %7 & ( F=12.906,
P=0.000 ) 2 5358 0 F Ko TaGASR W5 A5 70
(1) T ki B ( F=7.160, P=0.008 ) Fil ki K ( F=16.726,
P=0.000) 2= 5 ik 2 ¢ & 3 K OF, R 9 (F=4.032,
P=0.046 ) 2 5L B B K. TaCWI-4A WiFh L fis
B T kL 8 ( F=4.488, P=0.035 ). ki 9 ( F=6.008,
P=0.015 ) FIRLJEE ( F=6.569, P=0.011 ) 25 533531 i #5/K
Vo TaGS-DI WiFPHAAERI TR0 R 58 FTRE

SYIARE, I, fET 25 R AERFNT,
TaGW2-6B . TaGASR F1 TaCWI-4A %} % 55 B A 22 %0
S SRR, TR R R

AKWFFERW, TaGW2-6B 5 T4 8 i % A ¢,
SR SR ARG, 5 Su &Y B g LA —
5 ; TaGASR 5 T AR KA B & A6, 5kE 58
EHIX, 5 Dong 450 (BT 45 R — 3 TaCWI-4A4
DVAL I = i B YA TR b AR b RSB &
25 135 TR B 32 XN FE KPR O RIF Y 45 SR — 3, T 5 4
AT SEIN R TaCWI-4A4 %5 v 75 5 X 1 A
58T E A LS A —5, TuGS-DI N 5T
W R KL TE FURL AR CHE Y AN i3, 5 Zhang
£l 24V Bt 5 2 L TuGS-D1 T 43 3 it B b 7 AR 58

16.3% 1 7.7% W RAE R AR —F, 1AM
SE AR 22 R AT RS, — 2 bRic i
HA R, hFHEA R — 805 | R 45 R
Sty TRRBER R AR R DL SO S
RGP R RIPR R 1 23k 5 = )45 B K
UK S AT B L ARG LR E
BCAE MR . R, DL 3 AN IR &R A5
M) S-S BN 7 L PR AR SR R R T AR
JEL v BT 143550 7 e At S R R TR A DG S R r
oo N XA B T X 2k R R A
S LA RN IE ST R LB
25 R KT R R 26 U AE (R A b Ak 48 A Bk
PRI P S5 B35 TR 38 AN — 7 o, B8 b B AAR 19 5 /
NXBC 126 (TR0 R 5 FURLIE A {E 53 51 4
48.40 g, 6.66 mm. 3.53 mm Fl 3.38 mm, 73 H 47 T fr
A S B 26 07, 21 47, 45 AT 14 7 B 24
2 SR B S B Fh SR 220 TRE
R RS RIS W {230l 47.55 ¢, 7.33 mm,
3.58 mm F1 3.37 mm, 43 HI4 F T A S0 kL 2R
37 3.6 v, 24 45 F1 17 A5, (H R HEHE SR8 3 H 41
SRR AR O A AR s AR R ALE
HA—E R, PINTH 3 5414 4 NSIRER
SRR JE TRk E 2R RL (U TR R
7 T FRE AR 43 514 30.58 g 6.10 mm . 3.06 mm Fl
2.95 mm, 53 0 T 2R AR £ 208 137, 199 {37, 203
FEA 201 0375 1B K E T 3 SRR L S A
Ui Y A S R (R A b YA S T s YA e |
IR 4 31 A 32.20 . 6.50 mm ., 3.03 mm Al 2.95 mm,
A3 T2 B A 204 137, 129 137, 206 13 Kl 203
fro BB MR MR FGR I &R Fic i 2%, RV INE
FRERL R 32 22 e DR ] i LS DA TR 7R BLARAR
FH, DA_E A RER AR A 368 ] e 7 LAt L R ) 5 )
WK, R, B REREE WM AR, Hi, 7
ANTR] KIS A3 FARICRRPRAERR S e I, B 5ext 43
FAMCH TR ARG SR E R L)
PLTRE K T 50.0 g, IF HLIR A #5731 4 2R
SEPR I S SR B B BR AR, e tH 2R 95339
A 19 . F 112 5 CA0864 25 9 ) (£ 8) i T kL

SE 30k
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