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Genome-Wide Association Studies of Kernel Color traits in Common

Wheat and Mining of Candidate Gene

DONG Zhongdong, JING Zhenhai, PEI Dan, SUN Congwei, CHEN Feng
(College of Agronomy, Henan Agricultural University, Zhengzhou 450046)
Abstract: Wheat kernel color related traits L*, a*, and b* are important indicators of wheat
quality. In order to reveal the genetic loci that regulate wheat kernel color related traits, we
investigated phenotypes of L*, a*, and b* in a natural population that composed of 243 wheat
accessions in Huang-huai wheat region in four environments, and characterized the population by
the wheat 660K SNP assay. Furtherly, genome-wide association studies (GWAS) was performed
for wheat kernel color related traits. Results indicated that, 785 significant SNP associated with
kernel color traits were identified, explaining 11.4%~23.4% phenotypic variation. SNP associated
with L* are mainly distributed on chromosome 1A and 2B; SNP associated with a* are mainly
distributed on chromosome 2A, 2B, 2D, 4B, 5B, 5D, 7A, and 7D; SNP associated with b* are
mainly distributed on chromosome 2B, 5B, 5D, 7A, 7B, and 7D. Of them, 51 SNP were
pleiotropic. Further, a total of 36 potential candidate genes related to the kernel color traits were
identified by gene annotation. Only 8 of the 36 potential candidate genes are expressed in the
kernel, including the known gene Pinb. Furtherly, gene polymorphism analysis showed that Pinb
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and UDP-glucose/GDP-mannose dehydrogenase gene TraesCS5B02G399800 were significantly
associated with the target traits. Differential haplotypes of TraesCS5B02G399800 were detected
significantly associated with b* by haplotype analysis. Therefore, this study provided a reference
for marker-assisted selection and whole genomic prediction for wheat kernel color traits.

Key words: wheat; grain color; GWAS

INFERFRL /NGRS R I B B R bR 2 — o R E/NENPUAMYIS R m, HoRa e
INERAENEN, JT A REE, DRGSR R (LD  4F (@) MEE (D
HEAMSE, KAE MRS E. PUEATEE . SR SR DL ok R N, ER e
TEW, WkFEE, FORBRIRZ W A AL RS . KFEFFRE S EC ST 2R YR 255
i & B A PUEAL B D B B oG, b, a5 A /KRBT R A RE 13 2 FUR O
KA, 1 HunterLab & 240 & 1) B KB EIRAR 56T 2. By S s 1t AR %,
SN R KA AR PR IS PRI R B B hn iR, G (R, B R R
SR EYREAT RS Em EIEAARM, feah, ANERRL P E A IR T NS 3R R
SR Ry I R R N R R S5 - Al N TTIR VI B NL R & S E i S YA CIMES i puig S
fitto PRI, F2 4R 42 /N 2R (3 1) B L A pl R DR, AT L 2 - LA R R 42 Y 2, 5%
NG R B R B

S IERIH B BT (GWAS, genome-wide association studies) & — i i 16 56 4 3 [K 41
AL RIS R AR 5 OG22 VKRB 8 RIS A A7 s 7E SR R 2 p A B o T %, i 1
TEBEARIKF L ARMT MR AL SR, A% 22 FEPE T 5 AP RL R v 5 1) 7 i A DR A
JUE MR RZ AP (SNP, single nucleotide polymorphism) #ic A& 124 i 25 437 55 fft) B8 35
g KB, SNP A T HEWT A7 35 K 2 M FESIAS 4T (LD, linkage disequilibrium)
LD AR/ ZEAZ AR ISAL Z AR VE IR, e GWAS Zr BT vl el etk s Ao bt
SRR IS AL 5 07 s (0 B E vk 2 — 010,

GWAS L) iz N T/ L ELR 255 5 MR B8 AL 7 o5 (2408 . Sun 21 R FH
GWAS St s XN P= B A G113 AR SR T 404, IR 41 Mase s,
TR DL A3 57 S 67 2L IR () A0 A R - Chen Z512VRI ] 90K SNP 35 X6t 163 173 /INZ2 44 kel idk 47
SRR, FERTESEAPRERE . RAR SR, RIS B ARSI R L a*. b*
FE PRI SAS SRR AT T 438 IR SCIAAT o 45 R 3R B, 16 8 NI A LA F) 846 A1
IR B3 SNP 745, TR 30% IR R . #—, @il BRIz
BT R B IS FE TaRPPA3LL, FFRIESRAR R 34T T ThAEIRALE -

H AT C &4 35 /N2 TRy (38 B AL S P2 98 R IE - Bk 7 L3k TaRPP13L1 JE[H 2 4102,
Zhai ST M58 /N T A SR LW a™s b I (KA BT T SR A B H
FIZR R 7oA T Frf Ge ik By 100 AN E B AL, e 6.5%~20.9% KR 7,
HE— LM E] T 16 M5 KRS MRV G BEMR Wi 2L LR & ORI RS B Bp
AR D . Tl R AR DR B DAIT Aol 22 TR (B AH OGO AU AL TE 1AL 1B, 6B 7A
7B Getidk b 5K 7P SRR H OO A PR B AR R 5 N2 TR DT R MR 05 (QTL,
Quantitative trait loci) Efi7E 1D. 2D. 3A. 4D. 5D. 6A. 6D fil 7A Jefafk b, Hrh 7A
/) QTL RBif R, WIfERE 12.9%~37.6% MR 7o SRT, A IS/ NEHFRL B AR EAE
PR E AT RIE R D . Hong 20005638 /N 22 RO R LB MR IEAT T 38R A A2 4, LAl
F 11 /MEE SNP frsi, FESMMLE 2A. 2B, 4B Jetafk b

R FELARIEZZ X 243 13/ AMEE, D/hEZE 660K 0 FrRARAEEE ARG B, W/
FERLEZEFDCN 3 AMHIHR R L a™f o™ AT &S R KRBT, DAHIZ AR 3% /N 2 F R
EFEBAE A SRR, /N R RIS



1 MRS
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BERATRL R 243 43K F TR A & /K A LG IR /N2 i &, 7E 2013-2016 4F- 43 I TE 6 F-
Ry BRBHAIASM 4 AN Hb R, B PPRVMAE 4 17, 474 150 cm, 78R 23 cm, BEALIXZH
wit, 2 RES. HAEEE —BKH . NG g —BGRBURL
1.2 ¥R FEIRARNE

1§ F SeedCount SC5000 &1 73 HT1 %4t Chttp://www.tenovolab.cn/) 58 7N 22 ¥k (234
MR WA 7 (1478 7555 B AR/ IN NP RLIERR L, 2 S W AR 5 1)/ 2R Rl N
Foflt, RGPS Wheat #iEt (Module) F1 Australia #7ifE (Standard) #EATFIEIE
1.3 £ERFE KIS

ESRBER Y 243 A RE T /N2 660K SNP 5 kAT R 70 8 . SR PLINK
(http://pngu.mgh.harvard.edu/purcell/plink/) {3k 318 IR S A7 2 [RIATZ/N T 5% IR bR 10 A2 [A]
R 2T 10%I1 41k, PLINK KA Fay 21 R« plink --maf 0.05 --geno 0.1. SIS HTTE R
B GAPIT Mg b i3k 47, RARE A Z MR (MLM, mixed linear model) (PCA+K)
BT A0, 1 3 AN TR H T hl AL . 3 SNP ANECR A GEC #tk
Chttp://pmglab.top/gec/#/) ATl TH, SNP 2514 BIE 18 58 2T SR B A BT F 2 385bs
WHH (), REREEBEMNERNp=1n.
1.4 BURALTE

L™, a"fl b" % 4 2 JR 55 0 IR 10 Bt 28 14 JC e TWME. (BLUP, best linear unbiased
prediction) @i R & Imed WiHHHE. RAEMRM T Z0MH . MO A6 FifE
TR SAS 9.4 B AF#EAT, FI 1BM SPSS 27.0 #4T/EE . SR Haploview 4.2 #fF1%t
ficie SNP AT RS 3. BRI S0 AR FHBR &) = T A https://cloud.oebiotech.com.
1.5 qRT-PCR 43#h

f# ] dsDNase 1uL, S5xRTIII Mix 4puL, ddH2O SuL, RNA JRiK 10uL 1A 2K RNA X
B cDNA, #5526 37 °C 2min, 55 °C 15min, 85 °C 5min, #5% 58 MM 120uL
ddH0 #i%. f#H 2xSYBR premixUrTaqll (Jb5ti NSEAMRI AR A D ##4T gRT-PCR
M. B Actin EAN S, MNAKZAN 20uL, HA 4 iR SYBR Mix 10uL, 1E&HE 54
% 0.4uL, DNA Ffih 2.5uL, ddH0 6.7uL. KMZ&AEA 95 °C 120s; 95 °C 5s, 60 °C 30s,
40 MEFR; 95 °C Ss, 60 °C 5s, 95 °C 5s. K 27 2CETHEEA AR Rk &, K EF
FILEPIMHEE N 1, NI EEEH TR .
2 RS9
2.1 FFRIEFEMRE S

IrHIE L* a* il b AT RIS T hT . IR ZE TR G b . SRR R A
gERR, RS AR 3 MERREFIER K E R, SR DA EANRMIER 7346 (B 1,
T Eor T R, KR FEERAFIEN R 22 57 . L*. a* il b*[1) SLisif% 11737 86.9%-
83.4%#1 81.5%, HRILHEEE AR (£ D o MHKESITRE, U5 b MR
N 0.65, a'5 b MK RECN 054, HIAFIWEEIEMLRR.
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Fig. 1 Distribution of kernel color traits
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Table 1 ANOVA results of kernel color traits

AR SRR I WA L\
SEEL % a HEDb
Source of variation
L X 2H.1E] Block in location 76.29*** 62.61*** 16.58***
Hh A5 Location 2.19NS 8.91NS 8.52NS
i % lines 10.32*** 10.31*** 7.85%**
b 5 <5 % Location>dines 1.94%** 1.65%** 1.71%%*
I g% 7y H? 86.9 83.4 81.5

NS Fl *** 5 BIRF AR EFILE 0.001 /KT 8%
NS and *** represent not significant and significant level of 0.001, respectively

2.2 &EFBXEK

FIRREAR I FE N AL 2 3 o 4% S5 AR BE 1 3957834 i iR | SNP,  #E— b1+ 5 H1 7495745 %L
SNP, FEZR3NMEREZ FLZH R RUL RER R, AN CWAS T E R WK E N
1.0e-4, 4= R4 ST A AT JLAG I 21 785/ i 25 SNPAL »,  Horb 5L GG I2 2 SNP £ 831,
FLANSNP A f# B 13.5%~23.4% 1 R A 57 Ha KL 22 2 SNPH 4134, L ASSNP AT fif FE
12.7%~19.5% 1) # A 3 . "R 2 2 SNPA 2891, HA/NSNPH] i 11.4%~22. 1% %

3 SNPTE AR [H) Yt ik b S /AT tn 217, 5 L7 8 3 B A SNP 3 223 41 £ 1A
(21) . 2B (14) . 1D (6) . 3D (6) . 7A (6) FI17D (5) Hefuth I; Ha i3 CHEHISNP
IARLE2B (147) .« 2A (109) . 4B (38) . 7A (34) . 5D (22) . 2D (14) . 7D (14)
5B (12) Yefafk b, 5b" R 2 KEHISNP A 7E2B (65) + 7A (57) . 5B (49) . 5D (38) .
7B (22) . 7D (16) M6D (12) Heftfk . 3R EZ CBEAISNP = B0 AifE2B . TAH
DY AR
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Fig. 2 Distribution of significant SNP

2.3 FFRIiE R ZHXSNPRIMERE M S

BESNPIIM SR EEIEM AFE LA I AN AT (1D AFIREE AT =S AN 21 &
FZSNPIMEL,  (2) DLZAEL I =AMEIRIBLUPE N FU 3T GWASTZ IE 5 25 SNPA 14,
FET B T BLUP ORI 21 (14 55 25 SNP A HLANBR S 3 BT\ 25 SNIP [7) B 4 A 0 28] (1) SNP AN 45

L™ #1183 SNPH G 5N TE AN IR B G IC R, (5 L 6.0%: a3 1)4131~SNP
AT SOMNAE Z IR R BE R, (5 EE N14.3%, HF8ANSNPE = AR L, HAR41AME
PAE H I bR 3 12891 SNPH A 54N TE L2 B i R R E], (5 N18.7%, Hih
2/ SNPTE =AM R gkl 2, RS2 E P AP Hh pl sl 1)

PABLUP{H#EITGWAS, L. a"flb"SCHtE] & & SNPHIAN 47 104 228/~ F11444,
FEHL ORI (1) 2 35 SNPH A 94N T ATE B ER B HR A I 2], 15 EEoM90.0%; & JRIK I i 25 SNPH
21140 DAFE RERIE TR A IS, 5 EEN92.5%; bR 2 2 SNPH A 754N A DLZE B3R 45 v
A, 5 HON52.1%. 25T . a R 7R BB AL T BLUP/E B 21 1) S5l 25 SNP R B -
124 5 LRI 1 235 SNPTE P A Sz LA EIRSE A IS 20/ 5 a Rk 1) 2 3 SNPTE DY/ & b
EIREEASIE]; 95 ICH f3E SNPTEPUAN A DL BRG] (R2) o Bk, a™E
ARAF G B AE A7 ST R B B SRR e 1, LRy AL R
%2 FAERMBIMNS ", a1 b =X SNp
Table 2 The stable significant SNP associated with L*, a*, and b”

Peta SNP PER 78
Chromosome SNP Trait Environment
1D AX-108902473 L* 74, BLUP
1D AX-111484181 L* JRFHL. J5pH2
1D AX-94556277 L* JRFHL. J5ipH2
3D AX-110423300 L* M1, BLUP
3D AX-94663542 L* B JRBHL. BLUP
5A AX-108947616 L* M2, BLUP
5A AX-95250489 L* M1, BLUP
5D AX-86170796 L* JEFHL. JREFH2. A1, BLUP
6A AX-108898115 L* JEFHL. FEBH2
6B AX-110472468 L* M2, BLUP
6D AX-109898786 L* JRBAL. #BIH1. BLUP

6D AX-94699483 L* JRFAL. *BIN2. BLUP




2A
2B
2B
2B
4B
4B
4B
4B
4B
4B
4B
4B
4B
4B
4B
4B
4B
4B
5B
5D
4B
4B
4B
4B
5B
5B
5B
5B
5D

AX-108736897 a*
AX-108736846 a*
AX-108984235 a*
AX-110620516 a*
AX-109333795 a*
AX-109368556 a*
AX-109552654 a*
AX-110052982 a*
AX-110425610 a*
AX-110517373 a*
AX-110648483 a*
AX-111274839 a*
AX-111465706 a*
AX-111516967 a*
AX-111579343 a*
AX-111747488 a*
AX-111820468 a*
AX-86164894 a*
AX-109877815 a*
AX-109549041 a*
AX-108837712 b*
AX-109333795 b*
AX-110425610 b*
AX-110648483 b*
AX-109050097 b*
AX-111077474 b*
AX-111468272 b*
AX-95004777 b*
AX-86170796 b*

BB OB Z
Y ¥ x E

< JEPFH2. 1. BLUP
~. PET. AJH1. BLUP
~. PET. AJH1. BLUP
~. PET. AJH1. BLUP

B JERHL. JRBH2. FSMHI1. BLUP
B, JERHL. 2. BLUP
B, JERHL. 2. BLUP
B, JERHL. 2. BLUP

B JERHL. JRBH2. FSMI1. BLUP
B, JERHL. 2. BLUP

B JERHL. JRBH2. FBMI1. BLUP

= =

s

. JEPFHL. JRBH2. BLUP
. JEPFHL. JRBH2. BLUP
. JRBHL. JEPH2. BLUP
. JRBHL. JEPH2. BLUP
P JEPFHL. JRBH2. BLUP
P JEPFHL. JRBH2. BLUP

B JERHL. JEBH2. BLUP
B JERHL. B2, ML, 2. BLUP
B 2. KEMIL. BLUP
B (. JRPAL. JEBA2. BLUP
B, JERHL. 2. BLUP
B JERHL. B2, BLUP
B L. B2, BLUP
B L. B2, BLUP
JEFA2. AL HEIH2. BLUP
JEFAL. AL, HEIH2. BLUP
B JERHL. JRRH2. FSHI2. BLUP
B JRBHL. JRBH2. M. N2, BLUP

BLUP. REELIETIMTN: TR
BLUP: best linear unbiased prediction; The same as below
24 —AZYEE SNP 53H#7

FERIRERIE At rh, LAl 2 51 A~ 835 SNP R 5P HROCHES (R 3) , HAp
AMEARIGLE [F] — AP AF N AT SNP A 13 A4S, [F—AMHIRTE 2N 88564 A I 2
[ SNP 45 29 4>, IR RAE LA AF AT EE) SNP A 9 4. —EIZ X SNP %
WY AT BEAELEAR (R B R ZE PR A s b S A A, BE—2BUE) T LA 0™y ™l b AR DG .

% 3L, a"fA b kEERI—FE 23 sNP

Table 3 The pleiotropic SNP associated with L*, a*, and b*

Yt fhs SNP LN 2=
Chromosome SNP Trait Environment
2B AX-111049983 a*, b* &
2B AX-109459969 a*, b* &
4A AX-110468618 a*, b* JRFHR &
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7A AX-109877102 a*, b* RIS JRBH

7A AX-109050060 a*, b* M S5
7A AX-108858065 a*, b* M S5
7A AX-108774375 a*, b* FRH B
7B AX-89724805 L*, b* FEN
7D AX-94890186 L*, b* JEBH
7D AX-94749119 L*, b* JEFH 25
7D AX-94470386 L*, b* JEBH
7D AX-86162668 L*. b* JEFH 25

2.5 (RIEEE S

251 {RIEEFIZHE R+ EHFSHERA 1.1 RAFEFFEREE, S e s —K 2 i
SNP 7E LT iif 2k Yo ke Rk . 42 NRZFE SNP HLAZHES) 36 Mgk FER (& 4) ,
Hrp 27 DR R 2R

® 4 PRI BIFEXHRERE

Table 4 The candidate genes related to the kernel color traits

PASEEREN SNP AR HE 1D 7855

Chromosome SNP Trait Gene ID Environments

1D AX-111484181 L* TraesCS1D02G390900LC JRPH 1. J5PH 2

1D AX-94556277 L* TraesCS1D02G291400 JRPH 1. J5PH 2

1D AX-108902473 L* TraesCS1D02G409500 757, BLUP

2B AX-110620516 a* TraesCS2B02G180800 B P #8010 BLUP

2B AX-108736846 a* TraesCS2B02G252100LC B P #8010 BLUP

2B AX-108984235 a* TraesCS2B02G253300LC B P #8010 BLUP

3D AX-94663542 L* TraesCS3D02G354800LC B, B 1. BLUP

3D AX-110423300 L* TraesCS3D02G027800 HIH 1. BLUP

4A AX-110468618 a*, b*  TraesCS4A02G424200LC JERH . %1

4B AX-108731779 a*, b*  TraesCS4B02G404100LC B

4B AX-111747488 a* TraesCS4B02G346000 B JRBH 1. JEFH 2. BLUP

4B AX-86164894 a* TraesCS4B02G346000 B JRBH 1. JEFH 2. BLUP

4B AX-109552654 a* TraesCS4B02G346100 B JRBH 1. JEFH 2. BLUP

5A AX-95250489 L* TraesCS5A02G003200 HIM 1. BLUP

5A AX-108947616 L* TraesCS5A02G487600LC HIH 2. BLUP

5B AX-109877815 a* TraesCS5B02G358300 S JRBH 1. JRRH 24 A4 1. #5HI 2. BLUP

5B AX-95004777 a*, b*  TraesCS5B02G399800 B

5B AX-110064547 a*, b*  TraesCS5B02G591600LC B

5B AX-110921294 L*, b*  TraesCS5B02G753200LC FBIN

5D AX-86170796 L*, b*  TraesCS5D02G004300 JEFH %1

5D AX-94562472 a*, b*  TraesCS5D02G565100 B

5D AX-110504529 a*, b*  TraesCS5D02G565400 B

5D AX-111185783 a*, b*  TraesCS5D02G567700 B

5D AX-111553017 a*, b*  TraesCS5D02G661900LC B

5D AX-110985232 a*. b* TraesCS5D02G568300 B



5D AX-95142657 a*, b*  TraesCS5D02G568800 M B

5D AX-109549041 a*, b*  TraesCS5D02G663600LC BT
5D AX-111710883 a*, b*  TraesCS5D02G663600LC BT
6A AX-108898115 L* TraesCS6A02G416500 JEBH 1. KB 2
6D AX-94699483 L*, b*  TraesCS6D02G401700 JEFH . %
7A AX-111737274 a*, b*  TraesCS7A02G150400 JERH
7A AX-110524850 a*, b*  TraesCS7A02G350100 HE
7A AX-86165096 a*, b*  TraesCS7A02G350100 M TR
7A AX-89444413 a*, b*  TraesCS7A02G350300 HE
7A AX-109050060 a*, b*  TraesCS7A02G502900LC M TR
7A AX-110943976 a*, b*  TraesCS7A02G350800 N JEFE
7A AX-109877102 a*, b*  TraesCS7A02G350800 N JEFE
7B AX-89724805 L*, b*  TraesCS7B02G408900 HE
7D AX-86162668 L*. b*  TraesCS7D02G638500LC JEFH ., %
7D AX-94890186 L*, b*  TraesCS7D02G638500LC J5BA
7D AX-94470386 L*, b*  TraesCS7D02G467100 JEBA
7D AX-94749119 L*, b*  TraesCS7D02G467100 JEFH . 3%

2.5.2 EEBEFEFKIEEDI AR /ANZ R 2 A 2= W 0k b (5 35 RTEAS [F 20 LR Rk &
B 20, it — D%t 36 ML R fE /N R R R IE BT T YIS b, SEHERE, 24
MBI FE R N R R RIA R LT %, IUH 8 MEIE R FETER R R AR m Rk . ik
— B R T R BRI RLEAT T gRT-PCR 73 #r AR IE R R R 1K . 45 R B
DA I 8 ANEEDHTE Fride £ i kL ik i A — 3, EITEm . . SmEM B (FF
B} 877, FF 53, WA 18, hFEF 25) KikEm, EKE. 4. WEMEH (B
237, BFWEEE 7 5) FikBAK, TraesCS7B02G408900 FE [KIfEMRFLEE . L1 . HEM BRI
7 SHARIL, R UL b 8 MR FEERE— B (B 3) o XL 8 AMNERBHTINRE
VERE, 43 ) i IR 45 # B (1 emp24/gp25L/p24 5% . Core-2/1-Branching fiff . UDP-% %] #i#/GDP
-H T RE N S B S . AR BN R R RS RG e  SR R PR K BT
JEFR 12 IRMIRZACEHEE SR, DL SER R T IR Wi R 2 AL R 2 e 3L A
TraesCS7B02G408900 4t, ¥#iiE &4 (K 5) .
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Fig. 3 gqRT-PCR analysis of candidate genes in kernel
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Table 5 The highly expressed candidate genes related to the kernel color traits

Yo fi 2N M ID B DRE

Chromosome Trait GenelD Function of gene

2B a* TraesCS2B02G180800 emp24/gp25L/p24 Zjik

4B a* TraesCS4B02G346000 KA

5A L* TraesCS5A02G003200 Core-2/1-Branching [

58 a*, b*  TraesCS5B02G399800  UDP-7i 4 ¥i/GDP-H &5 b it U % ik
5D L*, b*  TraesCS5D02G004300 R B R 5B LTP S0
7A a*, b*  TraesCS7A02G350100 T T AN VA Joe 45 PR il

7A a*, b*  TraesCS7A02G350800 SR Ak Al /K Rl T 57 38
7B L*, b*  TraesCS7B02G408900 i s P A i K W

253 ETREREREZSMMEREINGERIUE KA /N Pan800K Hidl FE (R A FHIE, A
D 6 8 MEIEFE AT T Z AT, JLZH8 B0 T B 2K S LA 1) 1489
ML EMALE, KU 2B S EHIINAS LR/ 660K 5 F 4T GWAS, 45F%
B AR IR ) 2 A5 1 R BB oG R R] (B 4D, 434 TraesCS5B02G399800

(TraesCS5B03G0992400) F1 TraesCS5D02G004300 ( TraesCS5D03G0008600) , £z 5D
Jetfk I [ TraesCS5D02G004300 Ay /N2 i #5 3L K] Pinb. BLANE R FL R, 7T 5B 4
Ak (1) UDP-% % B /GDP-H 5 i it S0 Bl 2 e Jik DA [ Bsf 8 42 /N 22 i AR AN 12 112



A: TMERZTSMHEZE; B: RMEREZSMEZH]
A: after adding gene polymorphism; B: before adding gene polymorphism
El4 MAEREZESMEIER GWAS Xtk

Fig. 4 Comparison of manhattan plots before and after adding gene polymorphism
2.5.4 REERFE BERISH [F 5D Gettik b Pinb FEIAERE A b IF R TE il R4,
WAL T 5B Getifh b ¥y UDP- %) 4 /GDP- T i b it Ul 5 T e 4]
TraesCS5B02G399800 #EAT J Hf5 AL sy (|8 5) , ZRFKH, 1B AHEI 4 /1> SNP 7E#f
WA IEIERL T 2 AR, 43518 CCTC (HAPL) Al TGCG (HAP2) , i #ifii 5l HAP2
R S RN ZRRL T, H AR 2 R AE = AP ol ) (B 25 i 2 2 7K F

A: BERXER; B-D: FTRIAFRRBEESR
A: Haplotype block; B-D: Phenotype of different haplotypes;
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Fig. 5 Haplotype analysis of candidate gene

3 g

KW FRTFIER X 243 /N ERPRDFFRLEEEAR MR L. a*fil b*>KH SeedCount SC
5000 FhFEUE T RGUAT T . ZRGAFEGUW FEA: (D ERFFHEARS S EF
FOEL TR, HATRL I =45/ 28, () AR b i E 5k (3) Hp=
AR RAE AT B A () AE A ARSI RERHIRED R, HEAR
TORE S RIS 00 T BEALRE S 1 E4EAS B Chittp://www.tenovolab.en/) , DL EASAFEARAE T R 8 %
I 0 P E o 120 B 5 VAN R Hong 25 M1R FH (1486 [ SCINCO % 6 43 ' FE TR I B FF b
EEIR.

L*. a* Ml b*7EFTRE S EARBE AR R I & MR AR s 7 20 M 4 R A % &R
2 ZERIE RN R E KT, BRI HZERAEE, =R Gt 13IEE T 80%
DA b, FRBHL*, a*fl b* F 2L R, IS s 2 I 2w 7 2. AWK
P % /22 660K SNP &5 Fr RAEFHA MR UG B, Siifs /G iR E T 395783 /N @E i
B SNP 74, AW 7T 22 K /N 90K SNP i SRT DArTIMbRiC k47 LB 04T, Anid
B E AR T A TR S A ARe % B, H/hFZ2 660K SNP O Bl &b 2 M /82250 1
BRI,

AT NHIE AT 32 BEAR A /N 22 TR (0P AH S AE A A2 o AR FTH2908 2 /N 2R (B 8
FEAE SRR NAIEE I TR CB Al ST s 8 L FEAR R Jetfk |, G Parker ZFP224R E) b R
FHOCIIAL 2 7 F 3A AT 7A Hetifh, Ma ZEMHZ48 3] LA b MR AH IS 2507 T 1A F1 7B 4efh
e, FHEE SR B a™MERM SN S e AL R 1A Jetafk, Alemu S8 rR a™MARAH DG
(3B A O A AL T 2A Yo fk . SR DL F 7008 R R 5 b e R e B AL A A, A g
M SERIFEAT T o B 547 350 53 /N 2 K FRL R0 A5 AT R P24 R 4R0E , Hong ZE 185 /32 90K
SNP 85 7% 8738 /N 22 B RL MR AT T B E A7 29, SRR 11 M E3E SNP A7 A,
FEAMTE 2A. 2B, 4B Pefifk b, 2883 69 MERER, FEAFA LI LA
— ST IAN DI, R R EAA S, =& MYB #3745 &0 . FHAR AT
WAZIRBIN T 2B, 4B Geta e b 8 SR I 20 1 — PR 22 28007 s, (24 21 P 38 22 5 5 AN AH
A, AT RE T RFR A VIR 52 2 B R T 4

AWFFEET GWAS. HERFEFIAE. EFEIIREER. BRZEEM T EFBIZHE T 8
ANATREREIEFE R, A SRR IS EE R Pinbo @it 865 A 40 M kG B 1 I 42k s
B LR TraesCS5B02G399800 22 i B A5 A o i 26 Wik JId L A — P it NAD+IFI R, m fE
AT RE R SR AL, A A PR IR, (E AR AN M B B rp kD S B A, B RE L
FAAZEARRNE AR 25 2 0, 7R FLANPRREAR BOERE, 3K T A REE RS, AT
FEW, KEFRH RN 2 8 & B SFPRLE E IE AN OGRS, AR T2 48 i EE 2L Pinb
H1 TraesCS5B02G399800 i+ F¢ Ay UDP-4] %) 4 /G DP-H 5 i it U, 4RI DAL 5 /N 35k (R L[] 3@
Tok 5 T 4 B (1 RORT 23R AR R NI R B, DL B AR R ) AR TR G R GRS
S W 9C I 2 55 ]

WAEHE (Spermidine) [ IZAF/E TR, HARIEAE KR, JrEbPIS/EH . Tk
FIRIEFC I, TR e 2B 5 4746 T S M AT (Lycium ruthenicum Murr.) « £1.4% (Carthamus
tinctorius L.) ZEHEA T, 4> BRI PUINAL . BUR AR ME S 2 Fhohfefe e, 5HEERE
LT RE . Zhang ZEPNEIR T 16T RINADD A S AEAS R B/ INEFPRL P (0 3 N 4%, R0
ANFERFRLI B A SR R BRI 2 R AR R UUE, EE R AT NEZE R, R
AE EFF R TaMYCL f1 TaMYC4 735125 TR H RN ED A K. A2 T



TraesCS7A02G350100 v Ak i FH VA & & iy, 1% DRIAR mT g idd 2 5k e ARG i &
SRR 45 /N FE AT R

AiF 7A Gefitk E ) TraesCS7TA02G350800 # i # & %2 5 MAPK (Mitogen-activated
protein kinase) HEYIE 5 iEE% (ko04016) . 1A MAPK & — & FELR~F 1 Ser/Thr 25 H
B, JZAEAE TR, MAPK ATERRICZ R, BIEESHN 7. A
YNHE ZEAH OB 4SRRI S (R T8, MR . B4R hadi
FEEAEHBY, JEHFERPFEH MAPK (55 E YR FARE . Ik E. . &
ST R AT EEAEHBY, RS IF A, MPK3 fll MPK6 /1% ) SPOROCYTELESS % H i iR
TR RE T 425 K BRI, MPK3 fil MPK6 i T F ST I IRIG K B, MPK3 / MPK6 X5 A5 4
WSBMG R E R EE A, AKRERIFT R B FFFRR/MESZ MAPK [#74% . OsRacl /&
Rho ZKI&H GTP Mg, i (2t MNEFEA 2L, $REFFRIEIRZE, AT IE (7] 9 AR/
Flp7= & . OsRacl # KI5 OsMPK6 A1 AF FH 175 H B IR AR A b R /NBA 23 51410
il OSMKK10. OsMKK4 Fl OsMPK6 1] G #AF ki 5 /)N . ARAYEE 2, (K] HORF R /NI R
GSN1 % it 2K A A% p 8 K A A0 @ % OSMKKK10-OsMKK4-OsMPK6 i i i #2 K1, 1M
MAPK i 4% 38 3 B i) /N5 (1) 240 B 20 24 0 428 K R b K /NBS), 8/ 32 i MAPK 2 587 Hi
(IR T S AR SR FRE 45D, A2 B S5 MAPK AT 1% 2 K /N2 p A
FHRHEAR RIS TR S i 78 W, HIhae =Rt — L5k .
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