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WE  WEERARPW . FERERFE O M S FERE S 7 HRE RIFIIAL. RIFH /N (Triticum aestivum)iif7 -5
R AR ET SRR AMTROEAL . ASRIIASE FRUE AI19400 I /N A RE, RAE HUA AR IR 38 &, RIS
RO E M AR MR I R S, A EM R SR SGRE ), RAGHRE®E, &&Fk, s, &
RS AUR R SR 2RI OC R, FRIR T A SR S A T 240 i 3 K& B S I AR A A Z5 SRR, WP /N2 SR e
BRAETRUEK T, BRAN33.12%-48.57%, EHFRYEHMHERTENTERNE, SMAR T MNEHERSE
JE 43 51 50.67-4.03. 0.16-5.05810.16-3.63 ug-g™"; AMh/N SR iF-45 & s TR SR, KSR P & s T 5
A, FREGS B AMER RS RITEE R0, M. ke TR ESHIRE S RE DE MK, HerZmRk

X BRI T B, R AR AT AE 1B SARITAGL (AR bR AN 55 33 & B R 220 h a5, HhQLuc. 3A
HMQLuc. 7A. T/ FZMIM SR S B ALA . B R AT /N S A s Al fh R 3% 3 MR R A B .

XEIF DL, MR, BERER, KSR, SRR
B, MFH, BBOR, BN, RBE BXNT, M TR, FRE, X4, BE (2023). LT/ FPR R

BB S SOBRAE R AT, R4 58, 535-547.

MR R RAE PR FEER S, AT b
A EM70%-95% (Hidalgo and Brandolini, 2014).
It TR F A A PR X I B B £ 2R 1 Ry, T A A
FEEE, MM BRAR (T P B 30 AR €2 2% 1 400 193 JEE 5 1)
R E, R SRRy RIS 44 &K 7 (Digesu et
al., 2009; Blanco et al., 2011). b4k, MR AGHK
SRR AN A B IR AE ), FETRIHUE R E T
FEC YO0 LB RRE A, 3 R 973 AR IR S50 P 5 T .
FEVER . M RTER A e Sk A R, (BAE
NHEN RN = & Bogfe, R ae NP4,
NEFR LN — € B 28 240 78 ST 75 o 1
AN KA R LR, B NP3 R B 3 1 1%
NEHIN1.9511.4 mg, 3 ENEBCEH R REA
1-2 mgHY M 38 A1 K K 35 i (Institute of Medicine

Wodke H 391: 2022-04-20; £252 H#1: 2022-09-19

(US) Panel on Dietary Antioxidants and Related
Compounds, 2000). T A LRI KGR Z,
Tt 212050 4F 42 Bk 22 4F B P AR M SR B0 B = R
20204F [111.9642.44 K 2 2.8814(FAO et al., 2017).
I, AnAeT R A DR IR B R 2 SN S AT

3R A M A AR 2550 A (B IR &
AP ERAIZ ) IR (FE B TR I 3 R)
AR B Z Rl . RS2 250 KPR A58 ) i 24,
IRZ XTI IH TR I Z R & . BUAh, 3%
A2 N LA R 3R A 5 51 R BRA T, M
REAE b & MAE(L et al., 2020). FI|H & Fholiis 1
JEHEAT AR SR R, B M. A
) AT R INE, AR RS AR IE XN
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A2 3%5. /NE(Triticum aestivum)fE A B E /) AR
v, HAEEET, FER & S RN, @
o HE RN, 0 A A TR
BARER . RTANEHERETEMNRIELZ T Y
RNz, TR 7S A AN b o R P (1 /)
HIEEAR AN, ISR N E SR
(RS BT, I BH I R B AR R AR, R
TR Thig ARl Pt R &

L PG A A7 F 35 b R AR, ALAR P Sl B
R R IR, ARAKKAT, PESR B, SRS L KER
Ze, N EIILMEES 64, Wik m EAHEEYD
3000 m, JEiRM S ME. LPH/ NP ) A A
H AT CH 3 0002 4F /i 1/ 22 ¥ RL, AT & 5t A
1 0002 P flid: GRAEEESE, 2021). 1L 88 R T & SCAL AN
FRR IR IAEE, (LU N EE KN TR B AR
EENEERT, ERFEE. DL H R R E
FR(IRIE K, 2006). filan, 05 E 36 A 1 5064 T
AT A0 ARSI B Bl (TR 384, 2018), HE L
U 1) e [E 55 1S M S 5 (Secale cereale) i Bt B /)N
FT6 (FNEWLE, 1999)FN 5 AN KAk R 2 i Al 42 15
#2526 (LM, 1999), KAl iR e e fl 252 fm Al
Y S I VP N B AR R SRR 7 79-2060 (R4
&, 1995, TeHi%E, 1997). mI UL, (LG N2 ol o %
JEAE N E 7= R B8 B A3 138 A5 B 5060 R B 0 1)
LM A SCULILPE /N RO R, BF T 1 FFRL
RN ESMEAFB AR RS ER SRR

W e 4 R A DAL R iR A B A5 2

1 #R5EZE

1.1 SEEdR

S04 RE A T R [ ST S L T A R E K194 4 /N 2
(Triticum aestivum L.)fFh, K Fh991y, 7
RO, SR FR . HLER M. AR, RLEA
o B I 1) 2505 EE LR 1. BT A 4 KHT-2018-2019
AFF12019-20204F Fi e T LU 78 R Ml K 27 /N 22 BF 5 BT
LIV TT) (111°18'E, 36°2'N), 10H Ef)#%
i, BAE6 HhAGR. MR RI41T, 17K2 m,
FEAT30ML . ZIAM BHE 2K 7 26 4F N : 44
VEBE—/K(2019-20204F, E1); 4] 45 HFn gk

HAMERE = 7K (2018-20194F, E2; 2019-20204F, E3),
15 YOI B 41700 m®-hm ™2,

1.2 FTEMRIKE

FEAT PRI 2/3Hh AR I 10 A A (heading date, HD),
VEE I 3% B0 MR AR K — B0 3 2500 e i K (flag
leaf length, FLL)F1ji 55 (flag leaf width, FLW), j%
5 % BU10 Bk I 2 4% = (plant height, PH). B
(spike length, SL). ##3jiK (spike neck, NS). N4
i) K (internodes under spikes, SIU). /Me%i(spikelet
number per spike, SN)FIfiki % (grain number per
spike, GNS)ZE A 2R . WK G M i H Bl AL H
1 000 F ¥, HEIW; idx TR HE((1 000-kernel
weight, TKW), F it -~ RO & 47K (grain length,
GL). Hi%E(grain width, GW)AI#i )£ (grain thickness,
GT), EE10KHCFIMHE .

1.3 HEHRBERAT

I3 S AR i (0% 2, 296%) I 5 Sigma A ] . FIE
ZRERIE (i) 8 Bl R IR &
Ao THFIELHIE(BHT, 299%). VUAMK . 28k,
CRE. AR EA S A A al . i3 R bR T
FE /> B DU Wk IR VA AR, T B AR R 220.1 mgrmL ™!
Jii, —80°CLRAT o FLUFFRUEIE G HiREZR 1. 1.25. 2.5,
5R110 ug-mL™ " FANKSE, T 2mlbriEihs.

1.4 HmblE &M EREN

BRI T B 5 KB N14% 45, 18T JFS-13AR! 52
96 = e KO LR K, 1100 H 5 A 3R 153 4 8,
A°CHGIEAE  FRBURHELIZE(2016) ATk J5 3%, It
Bk, BARA: FRE1.0 g4k, A6 mLIZHil
(FIFH: B EE=7:3, vVIVFI0.1% BHT, wiv), ezl
WERASED, TR E IR IR IR G 2, 35°C, 80 rrmin”"
BEGHR G 1/ o PR35 J5 78 =@ AR IR B 0 AL 4°C,
10 828 xg&.0 107351, BB, BIg2K. AR
SIRTFAX3S°C K LiEHRT . BTGB in3 mL
ZBFFN3 mLIK A 1 (50% KOH/K A : 2./ =1:9,
VIV)JG, ZEiR TR IE B2/, HFE3 mLIKIE =)
FHIIAN3 mLARFIEL 110 Z B AN IE e 23 mLK,
4°C. 7 000 xgg5.001070%h, e L S EEa
KOHIZKAH, ZAMTX35°C R kT, 13 2 [ [ 4
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0.5 mL%0.1% BHTH H i : 215 1E L ki=7:2:1
(VIVIVYIE B, R HRIG, 4°C. 13 000 xg& .05
oy, B TERGT0.22 um A HLIEIE B AR G B0,
—20°CIRfEEH

1.5 BiERGRNEFZH

Agilent1260 = 20 AH 138 X & 4t N Agilent Chem
Station, FC& LAMEMIZES, FERIFERFIN20 pL, &
¥ ~Poroshell 120 EC-C1873#7#E, #14%4.6 mm x
150 mm, ¥if24 uym. Vs NAZNE . BHFEERICIE
Clft. WahAid0.22 pymBHLEERL S, #7 B<20%
B BREEVERL30: 4, W N1.0 mL-minT', KMk
K450 nm, BEFESFIRTELAE 1R 2> B AR FETE4° C AN
25°C. WIURVEML &1 NT6% IR ENHIA. 21.5% A
BF12.5% i s C . it shHHAT LI 7E 2022438 4 I
76% FFEET70%, Ui ahAHBK L] £ 20-225) Fi 4 A\
21.5% FFFZ20%. 28-305-40 P, i shAH AR L1
IN276%, WaAHBHI LB N 2221.5% . 3% K hrifE
st FH T 52 e B A5 AR AR BRI ], B o 3 R A
R R RT S, B SR SREE TR, A bRiE e
o BAFEMINE3X, BOTIIE .

1.6 REBUELE

I i S HP E XA HP=VGI(VG+VE), Hrh VG
VE3 il Rig % 77 22 LA KA 5877 25 . FIHJIMP Pro16
(2022 JMP Statistical Discovery LLC)il % BLUP

R PREE: L PE /N R R 3R AR 5 S s Rk 08 537

(best linear unbiased prediction){& . 1§ SPSS 26.0
B A4 (IBM SPSS Statistics; IBM Corp., Armonk, NY,
United States)itAT #H <170 Hr Al 22 7t o 2 P LA
{4 1 Origin 2022 -4 & .

1.7 £EFREXFKSH

15K SNP:S fy Xy #AT B A %0, I8 e A
9 793415 i &= \ISNPs H T 5 £ 73 #r (Zheng et al.,
2022). FIHTASSELS. 08 HVE & MR (MLM)Q+
KX 5 S 2 TGWAS., ilid QQ M (Quantile-Quan-
tile plot)W 245 5 f¥j—logqo (b value) R T HHE i & 1
fHP. FHRIES L (ggman. tidyverseflldata.table)
B RS T, AR G . SNPARIC I IES]
A P4 (linkage disequilibrium, LD)ZE {1 3 45 2% 4 ¢
& F o FIHPLINKA.OE A 54 2% G ik - SNP AL
B A E BN T A, AR A=0.29 X e X
NLDHIQTLIX [a] . SNPARIC A HEAL B th v E /=%
FNHIWGSC v1.0%:75 .

2 ZR5iTe

21 HERRSENE

A FH v 24 UAH €3 (high performance liquid chroma-
tography, HPLC)EM 3% AR e 5, FR B B [A] )
3.2350 5, Rk EIIEL AR, bR IETRELT, TR
e, FE SR 1 3 R AEHPLC I & Hh fR B B

A —1.00ugmt B c
- : - HedongTX-006
300 125 yg-mL- 120 .e orfg
4 2.50 pg-mL™ - Jinmai47
250 5.00 pg-mL™! 90
— - T =
E E
> 150 > 604
® ‘B
c c
8 100 2
£ £ 301
N K i- i
0 T ’1/\\ T - 0 T | p— — | ' S 1
24 28 32 36 40 1.0 2.0 3.0 4.0 5.0 - -

Retention time (min)

E1 HPLCHIN I &% 5t b A i b SE4) ]
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(A) AFEREFRFERIHPLCIEIE]; (B) /N FEHPLCIER; (C) st

Figure 1 HPLC chromatogram of lutein from standards of different concentrations and flour of samples
(A) HPLC peak plots of lutein from standards of different concentrations; (B) HPLC peak plots of lutein from tested wheat sam-

ples; (C) Flour of samples
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] kR —E(EA, B). TR A2.5 ug-mL™ '
B it PO 22 ATV, 43 0 35 520058 Ik, AH QI e A
(KM % bk E A 2 (relative standard deviation, RSD)
BN T 2%

BRI T Tk B AR B sk g e, R R e T A
AT E R T, AR EE R AL KR . RSO T AR
AR HEAT et 181 5 23 A, B o 2 5 R D Y=
32.186X-2.396 9 (R°=0.999 8). £ K WA H 572
(28 1 R4F, Ui 3% & B2 1-10 pg-mL '3t [

BEMLR, WTHTEES.

AN AR B B 5 23 0 AV I b A A
(R AR FE R R, E 3R, HCF 3R o 6 I IR
(MR (BT 35 7296 % LA 1= (1), 33k — 25 1t B A% U
J7 i UETf AT S

A/ PR TR B R SR IS X, SRR SR E T VE I
FEEJE, AR K & B AR AR AR ZE 38 /N T

AR 5 2K 33.84%—43.90%; S E i 4 I H0.67—
4.03. 0.16-5.05f10.16-3.63 pg-g~", FIIME 4 M H
1.63. 1.57#11.39 ug-g™" (KI2A). i &= &8
B L H59%(<1.0 (ug-g™). 1.0-1.5 (ug-g™")-
1.5-2.0 (ug-g™"). 2.0-2.5 (ug-g HF1>2.5 (ug-g™)),
HoA A 7E1.0-1.5H11.5-2.0 pg-g "5t Bl P 1) it e
%2, LA E62%, #id2.5 ug-gT M Al
BN, 24343 (F3). E1EE N &R &3
Fh o 3 AT ZR TX-006. £K:4853F1 % %955 (K1C); E2
HEE T N 4 TX-006. K113F01L 4 129; E3FF R
NFIZRTX-006. #7955 FMimit3158. Hrr, 7R
TX-006. %2955 Alllfi izt 3158 7E 3Fh IR 155 T -5 2

T NEREAL BRI AR ECR
Table 1 The spiked recoveries of lutein content with wheat
genotypes

Accessions Sample co?tents Added Detecti9n Recove-
5% (#2), UtUIFEIUTVE IR % A VR AL . (hg'g™) (hg) (ug'g™) ries (%)
Jinmai47 1.22 3 4.06 96.33
22 WANESRHHERSETRSN Jinmaios 2.36 5 7.27 98.76
W 3P TR AR BRI R AT E, K Jinmaig4 1.85 4 5.72 97.81
LI /N AR I (2 A S B (W r),  _nmaidTe 2,98 5 725 W %A
RK2 NEFERM RS R BR AR (n=5)
Table 2 Relative standard deviation of lutein content with wheat genotypes (n=5)
Samples contents (ug-g™") .
Accessions Average (ug-g™ ) RSD (%)
1 2 3 4 5
Jinmai47 1.34 1.37 1.32 1.25 1.28 1.31 3.25
Jinmai98 2.76 2.64 2.93 2.99 2.85 2.83 4.38
Jinmai84 1.89 1.97 1.95 1.74 1.85 1.88 4.36
Jinmai919 2.53 2.66 2.37 2.49 2.59 2.53 3.86
RSD: #HxttriE w2z RSD: Relative standard deviation
:T3 AFEFE T LA NZH RS R
Table 3 Wheat genotypes grouped by lutein content under different environments
] Number of wheat genotypes grouped by lutein contents
Environment - = 3 - )
<1.0(ugg) 1.0-1.5 (ug'g) 1.5-20(ug.g)  2.0-25(ugg’) >2.5 (Mg'g)
E1 19 58 68 29 11
E2 41 49 46 19 24
E3 41 74 42 19 3

E1: 2019-20204 & fk & BAHEBE 11K, E2: 2018-20194 Bl A B, $R 47 BRI 2 B SLREE3 IR, E3: 2019-20204F B4, K75

AN ARSI 3K o

E1: Irrigation once during overwintering stage (2019-2020); E2: Irrigation once at overwintering, jointing, and booting stage,
respectively (2018-2019); E3: Irrigation once at overwintering, jointing, and booting stage, respectively (2019-2020).
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SREYEIE3.0 ug-g”, REHEESE M.

tvaE /N A X B AL EE o 8 TR E AL
A X (ALER) AL A ZZ X (HPE6) LA S S vEdL v & 221X
(FE30) o it LB A R IX IR & A I R & &, K
M HHXEE SO EERSTERS, & T
2.0 ug-g~ KA AI930.30%; B B X i Rl T 3 2
FEBARK, 66.67% M MM E RS EMKT
1.5 ug-g™; AL FB I X i Al g o 2 2K A B U A R T
1.5 ug-g~" (#2B).

23 ERY, FEREEFENHERSENER
WEFCIRE R PA8E K L H AR 3R A B T 3R & &
sz, 45 RRW], MG R G Sk
RRL(G) . FR 85 250 B (E) A 2 (M 2L 5 3R 855 A 2
(GXE) BRI 25K o FE I RN A I 3R & &

A

6
ke
2 4]
5
c
8 o
£
2
3

0_

E1 E2 E3  Average

B2 AR NE SRR SRR A I A

(A) SFIIABE T /NZZ i P 38 2 & o0 A5 (B) AR Bl S S A . B

R PREE: Ll PG /N ZEAF R SR A B AR 5 S AR RV 3 Hr

|

/

539

DR B R, ORFRL I B A 1 R A2 B DR A ) S
HR R B 34D & A & 3% By 5 A 2 R
(67.58%) >R B %N (31.93%) >3 K A4 53R 55 HAE 2%
J%(0.49%).

24 s, L5 SHRBENETFRFANNE
HERSENTW

AR AL 4 5 43 M ZDRE AT KL, LS R AN
KL R R B R S B2 SRR, BRE1M S
ZUNL R R SO A B T RS, AR
KL SRR e T 2R (BIBA) . /N R B AR
TR R, BB IR M A SR S B B
TR, HPETME2IR G A B IR
BZEFMORE (K3B), RERAVE A H K,
FEARFPRI R AR TR MM 33K L P/ NFE ST

B Datong
Xinzhou
' ' Taiyuan
/ Liliang <4
Jinzhong
v Changzhi
Number of wheat genotypes
‘ Linfen [ o 1
) i J '
Jlncherlg y O 10
‘ 'Yunchen‘g
:30
M<1.0 ug-g™ 1.0-1.5 ug-g™ 1.5-2.0 ug-g™

2.0-2.5ug'g”' HW>2.5pugg’

E2FE3[F#£3.

Figure 2 The lutein contents and the effect of geographic distribution of wheat accessions from different environments
(A) Lutein contents of wheat genotypes under different environments; (B) Effect of geographic distribution on lutein content. E1,

E2 and E3 are the same as shown in Table 3.
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B
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o .
> 4 :
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E 34 i . : .
c
8 2 . . .
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3T T T 1T
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D
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B3 RRREZKFLEA), LFMEB). K MFEIC)NE (D)) N2 M3 2K S R

E1. E2FIE3[A%3. *P<0.05; **P<0.01

Figure 3 Lutein contents effected by grain color (A), winter/spring types (B), irrigated/dryland types (C) and released years (D)
E1, E2 and E3 are the same as shown in Table 3. *P<0.05; **P<0.01

FE 5 R B HU AR H PR, A [RIEREE TR 2K - o Foh v 3

<o RS T R A, A ENIE2RA B T K R
T ()& B 22 5 52 (3C), Ji AT AE A2 7K M it e 35 3t
AL A T i P RS R G, SRR R T i R AR
8, XEAMERFETHEELMMER . 204
FERE RS ERESE, KM ERSREES
AR T R, RPM B RAELFNEFM R
R 52 B TR E 4R % £ (EI3D).

25 RZMREHERSENXER

EAT, &2 35 R & R m AT i, U
TR E 5 &5 2 AU K IR IE (Groth et al., 2020).
R, AVRGHETL T PR B FEBURIARORL £ 55
13 FER PR R & B, 45 R RV
PR AR 28 3 B E MR EOR, 38 8 R
FHOG, VLA AT AR 3 R A R T RRAIG FahAE
a AP R TR, X T AR EER KA oG, YRR

PR HT 5, RIUXAEE2FIBLUPH UKL %5 15 - 3 36 &5
B AR (RS).

26 MERLSEEAXKIMER
FFH MLMBE RS % i 38 36 2 2 10047 GWAS 4 #r, 7 ff
FIQ/ B 2 SCBX I SNPARIC (MTAS), 2 AifE1B. AR
TAG R o FEETH AL B T 7TAR AR 1 (144
MTAs ([E4A); fEE2 & AL BI3AMTAs, 77l T
BAFTAG O iR (KI4B); TEE3H &AL E1/MMTAs, 7
T 7A 4k (K4C); #EBLUP %1 T, Efr 564
MTAs, 73367 T1B. SAFI7TAGL 014 (EI4D). HRIEEE
F YR ILDIX E K/, 9NMTASSZ bR N4 QTLAL
S, BN QLuc.1B. QLuc.3A. QLuc.7A.1LL J%
QLuc.7A.2 (£5). HA QLuc. 7A. 11E & Fh¥REE R Hyw]
R E=I

WA 55 1025 SR HL RS E (M SNP AR 1L 5 41 7E )
vl (https://www.wheatinitiative.org/iwgsc) Lt 1T
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R FREE: L PG /N AR SR 5 B 5 AR RV E 2T 541

T4 MHRETESEERZMRMAA N
Table 4 Correlation of lutein contents and important agronomic traits
Environment pH SL NS SIU HD FLL FLW SN GNS GL GW GT TKW

E1 -0.21* -0.12 -0.12 -0.14  -0.07* 043 -0.03 0.01 006 0.14 010 0.06 -0.18*
E2 -0.20* -0.04 -0.16* -0.16* -0.10* 0.02 0.08 0.01 0.01 0.07 -0.16* 0.12 0.12
E3 -0.19* -0.05 -0.13 -0.13 -0.04* -0.01 001 -0.02 0.01 0.09 0.04 0.05 0.05
BLUP -0.22* -0.07 -0.14 -0.16* -0.04* -0.03 0.08 0.04 0.04 0.10 -0.13* 0.07 -0.23*

E1. E2FIE3[FI#3. SL: K NS: Bz, SIU: BRI, HD: dmfsy; FLL: B, FLW: BEH98; SN: RN GNS:
FERIEL; GL: R, GW: Fi%E; GT: RLJE; TKW: THiE. BLUP: mAELM:Joim il *P<0.05

E1, E2 and E3 are the same as shown in Table 3. SL: Spike length; NS: Spike neck length; SIU: Internodes under spikes; HD:
Heading date; FLL: Flag leaf length; FLW: Flag leaf width; SN: Spikelet number per spike; GNS: Grain number per spike; GL:
Grain length; GW: Grain width; GT: Grain thickness; TKW: 1 000-kernel weight; BLUP: Best linear unbiased prediction. *P<0.05

BLASTLULXS, 315 2% LR A7 5] ERIEL X E], K
L QLuc.7A.2 5% PSY15: K B 75 {7 & (Howitt et al.,
2009), QLuc.1B/Z1B-1R 5 fii & Wi fi(Li et al., 2016),
X2 35 EUE B SRR 3 3K S BAR DG, 3ARITA
et 12467 £ (QLuc. 3ARI QLuc. 7A. 1) H 7l it
R WARIE, 7T B HT I3 F AR AT

27 Wig

M3 VRIS DR (B O R) BRI T70%—
95%, A M H A B 1) Bt S84 A R A B R Y RE
71, RIE PRSI . SEE . AARE. BRI
I8 Mo J0 LS I S R 3, IR B B S R
/N A 4% 52 567 (Ronen et al., 2000; Tracewell et
al., 2001; Gann and Khachik, 2003; Hadley et al.,
2003; Harjes et al., 2008). i -3 2l 2 777k F 2
EER U S e o0 R ANEA R4 b 17 =TT 1 2 RN
WAL (IS, 2018). 2443 G FEVE: By 4 A HX
PR ZRAR, EARENE RN PRI EE,
ERA R 5 B8, B FIRPE 5 3E IR KR 72
LLANGTEL BA AL SRS R B, AEFf 8, &S
BT, HR BB HARZEROR . SR
WA B RUR I Bk B R BV R, W5 2 R EOR I
H, =& BT &z Ew gk, o AT
R UL RAE AN E S EHEE b 3 4 16 5E (Calvo,
2005; XA AIRGF, 2013). BT, XT/hEmEER
TRMIRIEZ W T ISR, XS RN 2w R
o BT T R A BORIE I 2 5, AN AR R
B 24 B A T-0.10-5.80 ug-g 2 1] (5 i 2,
2004; M2, 2012; Lv et al., 2013; {F155m%%,
2014; Li et al., 2016; Paznocht et al., 2018).

Abdel-Aal%(2002) & il 58 T 2/ 7S Ak /N2 1 3
S EN2.24 ugrgT, WG EUE TS B N2.01-
2.1 pg-g'1 (Abdel-Aal et al., 2007). Konopka%s
(2006) W 5& T 1143 N E M T3, &= AN T 0.59-
0.73 pg-g ' 1], [ LB 3L 5XHE PRE
B 195% - Zhang%:(2009)7E RILFE fA A6 il 1) 3 £
4 851.20-3.51 ug-g'. PaznochtZs(2018)k: ik
HOMNEZRK A2 R/ NP g &R, P EE
43.59 ug-g”', 55 4(5.80£0.16) ug-g~'. AHFFL I
SE T SRR FI IR BE T 19440 /N 32 [ 3 R P 1 4 &
43 591591.63. 1.57F11.39 ug-g™', SHT AT 4E
FEAR—F. Li%E(2016)0] FH b5 A& 22 XKL T
TiF A3 X /N SRR HEATAR I, R B 2R o i B )
HHZELI5RE, 2 FEME AT AW 7 AT AR, AT e
FT MR 2 i e o e M, ZRETERUR. AT 5T i
W E S ANFREL S B T3.0 ug-g T ISR AR, A
RTX-006. #7955 Mllfiiz3158, X Lpfkln] hy A
Yyam AL SR I SR AT PR

HHI, KT /N2 AN [ 34 DN 3 (U 4 35 1 A0 T b
H)XHE RS BN O A RIE(Groth et al.,
2020), fHFTfF45@ A — 2, 7o H R AT R 2 kil
OB B D, BUTE B AN PR B (M ) R R
KonopkaZs(2006)J 5 T 1143 /NERRL, R B
P e R BB E S T AR . T52%5(2009)%
170 S P B B 3R B I e R, Ak SR
THEMESA . ARTFFEE R —BUE], AME SAR
WERSES THMEMR, HANE R B R R 5
FA NI HE 3R A BLC L R Bl N IR e,
Hh 77 SRR R S R T A R, SERAZ I E
B iR T BUARIE B Al FP(Giambanelli et al., 2013;
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Figure 4 The genome-wide association study (GWAS) result of the lutein content from different environments

E1, E2 and E3 are the same as shown in Table 3; BLUP is the same as shown in Table 4. The black dashed line represent the

threshold for the significance of marker-trait association.

Shewry and Sandra, 2015). A} 7% B 1L #h /N
R & B I RBEE B AU R B B AL, X ]
A5 21 A0 J5 SR IE B A E TR R O R

A B Wy 2505 T 5 05 5 5 R 20 i P IR A 5%
(Moore et al., 2005), HH MRS ES TR ELER
F k% (Groth et al., 2020; Ashokkumar et al.,
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Table 5 Summary of associated loci with traits by genome-wide association study (GWAS)

Loci Chr. Interval (MB) Environment Peak SNP P-value R% (%)
QLuc.1B 1B 135.25-158.25 BLUP 1B_146746777 6.70E™® 5.78
QLuc.3A 3A 648.92-660.63 BLUP 3A_653919298 5.68E™° 8.47
E2 3A_655632858 5.59E7% 7.74
QLuc.7A.1 7A 75.63-95.65 E1, E2, BLUP 7A_85627950 6.30E™® 6.32
E1, E3, BLUP 7A_85658392 4.84E7% 10.95
QLuc.7A.2 7A 729.71-765.19 E2 7A_ 739708412 4.08E™° 12.28
E1 7A_741083088 4.23E7% 10.03
BLUP 7A_741778749 4.927% 10.43
BLUP 7A_ 755187469 4.26E7% 11.21

E1. E2HE3[[#3; BLUP[F#*4. E1, E2 and E3 are the same as shown in Table 3; BLUP is the same as shown in Table 4.

2020). A 1BL-1RS G Ar Z [ dt bt 35 28 & 2K (L
etal., 2016). (HAFKLAH MR S L B AR ZVEIRZ T
MM RS EM AR T, RIOTRGER T
13 FERZMARN 3RS BRI, KM
RO RS TRIE R EH A, R, KR T
PR, A RLIYE B U, TR I8 A% )
¥ & (Wang et al., 2012), a4 EETH RS Em
Fhide & LA TR S Rl . bR AR AR £ 559
N FELZMERD, s S E RSB R R
FH VR P AREE HARBERT, W PRIEA ) Ak
R R, X5 R B A R AR T K
SRR E; MRS R S AU 2R SO, W
IEPAREA GF O i p AL ey F TG R
BERINAELC, SBHEENREZE . & F ik
B N PR e ELE SRS R, R bR g K
BER W BT AR T H R R, EFER1GE
[

ZAELK, INEERRL B R S B B AT 5T
EHIEDIER AN, XN ER N b, HEE
RSV AN R . 2B TR HSSRH
AFLPHRIC K 90K, 660K SNP:E:F, Fil FiIAE bir 2 % 58
/N AN [F) AT R SRR, KR B (R I QTLE
L 7ERR 1D 4D FI6D 4k 1) 4Lt 4k - (Elouafi et al.,
2001; Pozniak et al., 2007; Patil et al., 2008; Zhang
et al., 2008; Reimer et al., 2008; Singh et al., 2009;
Blanco et al., 2011; Zhao et al., 2013; Colasuonno
etal., 2014, 2017, 2019; Zhai et al., 2016). HH, 2H

7R ERIQTLA] i RE50% A bR A48 5, 3BAN

5B_EIQTLA] i FE 12%—20%[1 £ AL 35 7 (Mares and
Campbell, 2001; Blanco et al., 2011). 4h, e-¥F1k
i (e-LCY 1)1 J\ L 75 1 41 3 & B (Psy-A1) ¥ /N 32
FJEEE R, e-LCYI) MR FEANMRT A ER S
e, SN RGBT S, Psy-ATrAI & 874 S H4w1d
AR AT 2 BCE R RARE B 2R, 4R TS R
RLIH 3% 2 A B (Howitt et al., 2009; Dibari et al.,
2012; Crawford and Francki, 2013). M #&J& T X
AR, Z5EYNAEKKE . W5 N A5
BEEZ YRR, HE ABEESZ V2 B0
1715 (Demmig-Adams and Adams, 2002; Li et al.,
2008; Welsch et al., 2008; Farré et al., 2010). A
FUH FH GWASHS I 44> 5218 /N2 35 31 5 = QTL
7 £, QLuc.7A.2H1QLuc. 1B CLRIE i 47 i (Howitt
et al., 2009; Li et al., 2016), QLuc.3AFIQLuc.7A.17&
2 R R S E A AL, AT TR ARG,
A TG /N E A R AR R R 1R B A
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Evaluation and Genetic Variation of Grain Lutein Contents in
Common Wheat From Shanxi

Bangbang Wu'", Yugiong Hao®", Shubin Yang', Yuxi Huang', Panfeng Guan®, Xingwei Zheng®
Jiajia Zhao?, Ling Qiao? Xiaohua Li?, Weizhong Liu", Jun Zheng®
"College of Life Sciences, Shanxi Normal University, Taiyuan 030031, China; ° Key Laboratory of Organic Dry Farming
Agriculture of the Ministry of Agriculture and Rural Affairs (Jointly Built by Provinces and Departments), Institute of Wheat
Research, Shanxi Agricultural University, Linfen 041000, China; 3School of Agricultural Sciences, Zhengzhou University,
Zhengzhou 450001, China

Abstract Lutein can effectively reduce incidence of atherosclerosis, diabetes, cancer and multiple eye diseases. The
lutein biofortification through food crop has gained more attention with improvement of daily diet. In this paper, 194 Shanxi
wheat cultivars planted in three environments were used to extract lutein by organic solvent extraction, and the content of
lutein in different germplasms was determined by high performance liquid chromatography (HPLC). The broad-sense
heritability of lutein content in wheat and its relationship with grain color, winter/spring types, geographical origin, acces-
sion types, and main agronomic traits were analyzed, and the genetic loci associated with lutein content were identified
through genome-wide association analysis. Results showed that significant variation in lutein contents occurred among
Shanxi wheat accessions, the coefficient of variation was 33.12%—48.57%. Genotype was the main factor affecting lutein
content. The average lutein content in three environments was 0.67—4.03 pg-g"1, 0.16-5.05 pg-g_1 and 0.16-3.63 pg-g_1,
respectively. The average lutein content of winter types and irrigated-wheat accessions were higher than those of spring
types and dryland-wheat, respectively. There was no significant effect of grain color and released years on lutein content.
Heading date, plant height and 1 000 kernel weight were significantly negative correlated with lutein content. The other
agronomic traits had no significant effect on lutein. Genome-wide association analysis found four major loci related to
lutein content on chromosomes 1B, 3A and 7A, among them, QLuc.3A and QLuc.7A.1 are new loci affecting the lutein
content. These results provide valuable information for breeding and cultivation of wheat lutein bioaugmentation varieties.

Key words wheat, lutein, genetic factor, agronomic traits, genome-wide association study
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Appendix table 1 Content of lutein in approved wheat varieties in Shanxi
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Appendix table 1 Content of lutein in approved wheat varieties in Shanxi

Year of Accessi | Grain Winter/Spring
No. Origin Variety E2 (ugg™) E3 (ugg™
released ontype | colors types E1 (ugg™
1 1973 g H % KR EHHE 1 CKE 116D 1.56+0.08 1.390.03 1.24+0.02
2 1973 5 = % iEt HW#E5 1.69+0.06 1.95+0.09 1.76+0.06
3 1980 K a ZS i 453 11 2.000.08 2.06+0.08 1.65£0.04
4 1980 K = % KR W 12 1.55+0.04 0.78+0.04 0.86+0.02
5 1982 7 A ES K5 16 CKJH 633) 1.88+0.09 2.250.11 1.79+0.10
6 1982 57 H H S A7 1.26+0.03 0.7420.01 0.85+0.05
7 1983 K =} % sl EZ# 18 1.13£0.05 1.090.05 1.02+0.06
8 1983 K F % B 419 1.29+0.04 1.71+0.08 1.26+0.04
9 1984 K | % iEh T 20 1.41+0.05 0.70+0.02 1.20+0.05
10 1985 K | % B T 21 2.04+0.08 2.20+0.07 2.03+0.09
11 1985 5 = % b W 22 1.12+0.04 1.07+0.05 1.00£0.05
12 1985 7K = % b W 23 2.560.07 2.04+0.06 1.8120.10
13 1987 K a ES KA i 24 1.06+0.02 1.03+0.03 1.17£0.07
14 1988 K 5| & B3 T 25 1.40£0.07 0.89+0.03 0.90+0.03
15 1989 7 i ES Kia W 27 1.63+0.05 0.82+0.04 1.14£0.07
16 1989 7 A % N T 28 1.66+0.06 1.59+0.03 1.23+0.04
17 1989 72 i % & T 29 1.31+0.03 1.10+0.05 1.01+0.06
18 1990 K S % Il E# 30 1.54+0.06 1.910.05 1.42+0.03
19 1990 K =} % Il E3 31 1.24+0.02 1.310.05 0.93£0.02
20 1990 7K | Z3 I W 32 1.67+0.08 2.31+0.12 1.65+0.07
21 1990 2 | £ 3 Il 4 33 1.82+0.03 1.79+0.06 1.69+0.02
22 1990 K = % I %3 E# 35 2.57+0.04 2.530.05 2.07+0.05
23 1991 52 = ES 1% 7 36 1.44+0.07 0.73+0.01 -
24 1991 K A ES I 45> i 37 1.79£0.04 2.24%0.06 1.99+0.10
25 1991 7 S| % Ep S T 38 (HF189) 1.18+0.04 0.8120.02 1.07£0.02
26 1991 7 A ES Ep T 39 (Fik 1) 1.71£0.06 1.72+0.04 1.23+0.04
27 1991 7 A ES S T 40 (Fik 12) 1.60£0.03 2.24%0.09 1.41£0.02




28 1992 K S % Il W 41 (v 6010) 1.77+0.04 1.210.06 1.40£0.04
29 1992 7 | % Kif T 42 (K 86-3768) 2.14+0.09 - 2.28+0.07
30 1992 5 H % [Sps T 44 (BR133) 1.48+0.07 1.22+0.06 1.16+0.06
31 1992 7 = ZS pNH T 43 (88-10y) 1.090.05 0.58+0.01 0.7040.01
32 1993 7K | £ 3 I 3£ 45 (v 7203) 1.70£0.04 1.34+0.05 1.27+0.02
33 1994 5 = % KR EH# 46 (K& 15 2.39+0.12 2.39+0.10 1.9420.08
34 1995 5 = % b LB# 47 (i3 91-15) 1.31+0.06 0.92+0.03 0.89+0.05
35 1995 K a ES K T 48 (KR 768) 1.99+0.08 1.37+0.06 1.20+0.05
36 1996 K = . Il ¥ W49 (W 118) 1.97+0.09 1.45+0.03 1.40+0.07
37 1996 7 | ES B3 T 50 (GBHH 35) 1.49+0.06 1.65+0.07 1.13+0.04
38 1996 7 A ES N T4 51 CKJ5 408) 2.150.05 1.95+0.05 1.64+0.04
39 1996 K | % & T 52 (TK85-2) 1.44+0.03 1.10+0.03 1.10£0.05
40 1996 57 4 % KA H# 53 (K 4569) 1.48+0.07 - 0.97+0.05
41 1997 7 | % E4k W 54 (i 92-22) 1.00£0.03 0.97+0.03 1.07+0.04
42 1998 7 H % B E# 56 (2+F18) 1.79+0.06 1.770.04 1.79+0.05
43 1998 7 | % B T 57 (35 91-14) 1.35+0.02 1.07+0.04 1.20+0.06
44 1998 K H % KR E# 58 (K% 5116) 1.37+0.05 0.87+0.03 0.94£0.02
45 1998 7 H ES T T 59 (91-1260) 1.57+0.04 1.75£0.05 1.59+0.04
46 1999 L=\ A ZS I 45> 60 (¥ 518) 1.13£0.03 1.09+0.03 -

47 1999 5 = % b E# 61 (JaEH 21 1.31+0.07 0.81%0.03 1.03£0.03
48 1999 K Fl ES Kia T 62 (K 5022) 1.90+0.06 1.55+0.02 1.48+0.03
49 1999 7 i ES Kia 63 (K 5848) 2.04+0.07 1.66+0.08 1.83+0.04
50 2000 K A ES I 4> 2 65 (lfiiz 28013) 1.78+0.03 0.93+0.04 1.35+0.04
51 2000 K =} % KIR 3 66 CKJF 610D 1.87+0.03 1.600.07 2.12+0.11
52 2000 K 41 % K T# 67 CKJE 752) 1.74£0.05 1.790.05 1.45+0.06




53 2000 57 S 2% (27 E# 68 (B R 1375) - 1.090.04 1.01£0.03
54 2001 57 S 2% K H# 70 CKJE 6211) 2.910.08 3.1840.13 2.3210.07
55 2001 K H % I L 71 (R 126) 2.300.08 1.980.05 1.75+0.06
56 2002 K H % I T 72 (ki 55) 2.43x0.06 1.860.05 1.70+0.05
57 2002 g S| % I T T73 (ki1 5) 1.89+0.10 2.5410.03 1.62+0.08
58 2002 7k A ZS I 45> W 74 (lkth 98-1) 1.45£0.03 1.19+0.02 1.13+0.02
59 2002 K S| % Ep S T 75 (¥ 3027) 2.030.07 1.54+0.04 1.77£0.11
60 2002 K A '3 I ¥ %% 615 2.10%0.05 1.15+0.03 1.41+0.08
61 2002 K | % B3 iz50 151 6172) 1.55+0.04 0.92+0.02 1.23+0.04
62 2002 K Fl % e LA 207 1.640.03 1.36+0.02 1.15+0.02
63 2002 7 | ES KA K 6878 1.09+0.06 0.17+0.01 0.90+0.03
64 2002 72 | % pNH K170 2.18+0.09 2.34+0.08 -

65 2003 K =} % Il &L 145 1.51£0.06 1.580.07 1.53+0.07
66 2003 K ] A Il 9% %y 138 1.16+0.03 1.18+0.02 0.93+0.05
67 2003 7 = ZS Kih K 6154 1.950.07 1.68+0.05 1.76+0.09
68 2003 7 | % B T %% TX-006 4.03+0.12 5.05+0.25 3.63+0.12
69 2004 2 S| % 3 I3 3 5 (If 2 536) 1.83+0.10 2.58+0.09 1.88+0.11
70 2003 7K = % KR K 65 1.90+0.04 2.69+0.08 1.68+0.07
71 2004 K | % i/ IiiE 3158 Cliviz 3158 3.04£0.12 3.01+0.08 3.00£0.10

i)

72 2004 =\ A '3 I v i 11 5 1.63£0.07 1.73+0.09 1.38+0.07
73 2004 7 | % E I 25 (EE 76) 2.89+0.07 - 2.46+0.10
74 2004 K % ES N XHA15 1.64+0.07 2.17+0.08 1.890.10
75 2004 K = % B3 iZ M 28 5 (iz 99W28) 2.11£0.08 1.29+0.05 1.21+0.06
76 2004 7 % % KI5 KB 105 2.49+0.06 2.68+0.07 2.130.04




77 2005 7K = 3 I %y It 2018 2.26+0.12 2.25+0.04 2.23+0.13
78 2005 K S % Il It 2069 2.20+0.09 2.5120.13 1.80£0.04
79 1974 2 a + DIRAl EHHEIS(ITHEE25) - 1.09+0.02 1.01+0.04
80 1996 K | & NG T 13 CEE 794-7) 0.97+0.03 0.96+0.01 0.72+0.03
81 2004 K a # KA ;Eff 15 5 (% 878 1.05+0.04 1.09+0.04 1.19+0.05
82 2005 7 | % B3 6% 2335 (REUERE 0.95+0.03 0.30+0.01 0.89+0.02
23-35")
83 2005 7 S| ES KA K 6359 0.69£0.02 0.1620.01 0.16+0.01
84 2005 7 F % Kif K2 8079 (R 1.18+0.05 1.69+0.05 0.91+0.03
00-5079”)

85 2005 K Fl ES Kif K 6452 1.91£0.09 1.90+0.08 1.89+0.10
86 2005 7 | ES KA K 4640 1.85+0.08 3.22+0.05 2.01+0.08
87 2005 7 % ES B B3 1831 2.32+0.06 1.83+0.10 1.96+0.11
88 2006 57 S % Il GFE 785 1.41£0.07 2.5120.04 1.63+0.07
89 2006 =\ & 3 I ¥ W79 5 1.28+0.05 1.57+0.08 1.03+0.04
90 2006 = | £ Il E# 805 1.35+0.06 1.050.02 0.88+0.04
91 2006 K = % I %3 #8115 1.00£0.04 1.1420.04 0.96+0.03
92 2006 K F ES B U 4846 0.94+0.03 1.93+0.06 1.04+0.04
93 2006 K F % B U 4439 1.50£0.03 1.91+0.10 1.55+0.07
94 2007 K = ES 1% LB 825 1.08+0.05 0.89+0.03 -

95 2007 K A '3 I ¥ %55 8050 1.72£0.03 1.65+0.04 1.21+0.04
96 2007 7k A ZS I 45> T 83 5 2.400.11 2.930.04 2.16+0.04
97 2007 K A ES I 4> %% 6510 1.60£0.07 1.46+0.02 1.51+0.05
98 2007 7 | ES B, B 20410 1.74+0.06 1.01+0.04 1.33+0.06




99 2007 K | % Kifi K5 6686 1.09+0.04 1.55+0.06 0.96+0.04
100 2007 7 ] ES Kih K 7016 0.85+0.03 0.49+0.02 0.63+0.04
101 2008 K H % B L 845 1.66+0.03 2.1620.03 1.42+0.07
102 2008 2 | L3 I %3 5 85 5 1.02+0.04 1.05+0.03 1.07+0.06
103 2008 K F % KR oK 9923 2.98+0.15 2.61+0.13 2.15+0.04
104 2008 K S| % B T 86 5 1.54+0.03 1.21+0.06 1.37£0.08
105 2008 K S| % K K 5902 1.82+0.07 1.45+0.02 1.27+0.04
106 2008 7 S| % KA K 6735 1.08+0.02 0.82+0.04 0.88+0.03
107 2009 2 = . 773 E# 875 1.12+0.02 1.1620.02 1.20£0.03
108 2009 7 | ES BN iBH 719 0.85+0.04 0.7820.02 0.80+0.05
109 2009 2 = P Il ¥ H# 885 1.54+0.08 1.28+0.05 1.48+0.06
110 2009 K a8 % e 4 129 2.01+0.09 3.330.09 2.04+0.06
111 2009 K i ES pNH K 13606 1.41+0.03 1.58+0.05 1.48+0.02
112 2009 K a ES Kif K# 5973 1.78+0.04 1.93+0.09 1.23+0.07
113 2009 K | ES Ky K 5222 1.59+0.03 2.1620.10 -

114 2019 K F % Kif K 6135 1.57+0.07 1.88+0.07 1.26+0.06
115 2010 K & 3 Il 35 I3z 8 5 2.45+0.10 1.59+0.02 1.43+0.02
116 2011 K S| % Kk K7 251 1.59+0.05 1.17+0.05 1.25+0.06
117 2017 7 a ES KA K 6197 1.39£0.05 1.18+0.02 1.000.05
118 2011 7 S| % KA K 8744 2.160.10 2.89+0.10 1.93+0.08
119 2011 7 A ES I 4> 2 90 5 (It 5069) 2.19+0.08 2.00+0.08 1.67+0.07
120 2011 2 = . I L# 91 S (k5 6101) 2.17+0.07 2.21+0.11 1.6+0.04
121 2011 7 | ES B, iz% 805 1.18+0.05 1.35+0.03 1.27+0.02
122 2013 = | £ I E# 92 (I Y8159) 1.76+0.05 - 1.72+0.04
123 2013 K =} % KR K182 (FK 0802) 1.76+0.07 1.960.08 1.72+0.07




124 2013 7 ] ES Kih K 4853 3.13%0.08 2.1620.07 2.14+0.10
125 2014 K S 2% I 3 E# 45 2.4820.12 3.08+0.07 2.250.09
126 2014 K H % I %3 3955 3.08+0.06 3.1820.10 3.10£0.18
127 2014 K H % I %3 %396 5 1.97+0.04 3.0820.11 2.1620.07
128 2014 K F % KR K 102 1.71+0.04 0.92+0.04 1.360.05
129 2014 L=\ A ZS I ¥y W97 5 1.62+0.04 1.87+0.04 1.730.03
130 2014 L=\ A ZS I ¥y T 98 5 2.16x0.03 2.77+0.09 2.12+0.11
131 2014 7K = = KR K 3473 2.010.07 2.62+0.06 2.20£0.06
132 2015 7 | ZS I 5% FA2 99 5 (i - 1.11+0.02 1.01+0.04
96046)

133 1974 7 | % e 13 1.13£0.02 1.09+0.03 -

134 2003 7 | ES BN iz 5 21-30 1.54+0.05 1.36+0.04 1.44+0.06
135 2016 K | % %R K 67 1.83+0.09 2.15+0.09 1.91+0.03
136 2016 7 | % b5 B 137 2.30%0.12 2.23+0.10 1.79+0.10
137 2016 K AN % pNH X113 2.58+0.09 3.93+0.20 -

138 2016 K F % KIE A 80 1.31+0.03 0.74+0.04 1.06+0.03
139 2016 K F % KR K114 1.56+0.06 2.96+0.07 2.100.08
140 2016 K a ES Kih K 6794 2.59+0.13 2.13%0.07 1.90+0.05
141 2017 7 S| % KA K 7080 2.03x0.10 1.46£0.05 1.31£0.03
142 2016 5 S| % KR K 1310 1.52+0.05 1.630.05 1.5520.02
143 2016 7 S| % KA K 6990 1.62+0.06 1.60£0.05 1.15+0.07
144 2016 K Fl ES Kia 3 247 1.82+0.08 1.47+0.07 1.58+0.09
145 2006 2 = P I ¥ & 65 1.40+0.03 0.71£0.01 1.04+0.03
146 2017 =2 = £ I ¥ I Y8161 1.20+0.06 1.70+0.08 1.44+0.06
147 2013 =\ ] A Il 3% I y8168 1.46+0.05 0.69+0.02 0.91+0.03




148 2002 ES 110 - 1.11+0.02 1.01+0.03
149 2004 ES E 5 1608 1.41+0.04 0.62+0.01 1.01£0.01
150 1997 ® H NBFETE T 1.78+0.06 1.100.02 1.28+0.05
151 2018 F ES & F 298 1.49+0.04 1.28+0.03 1.33+0.07
152 2017 | ZS oK 141 2.23+0.05 1.45+0.05 1.49+0.05
153 2017 A % K 146 1.74£0.08 1.87+0.03 1.79+0.08
154 2018 A % X 1305 1.87+0.06 1.99+0.08 1.85+0.03
155 2017 A % K 412 2.070.09 2.6620.11 2.34+0.04
156 1983 Fl % It 5 6210 1.74+0.07 1.63+0.04 1.27+0.03
157 2018 K a ES iz 14 W 74 1.84+0.04 1.3420.05 -

158 2011 K 5| % %% 16 1.71+0.06 1.10+0.04 1.34+0.07
159 2017 K F ES i1k 086 1.57+0.06 1.13+0.03 1.12+0.04
160 2017 K | % M 23 1.94+0.04 2.99+0.04 1.78+0.06
161 1980 57 S 2% &%y 7140 1.31£0.04 0.38+0.02 0.72£0.02
162 2018 72 | % T 101 0.95+0.03 0.86+0.02 0.89+0.05
163 2018 72 | % T4 102 1.17+0.05 1.60+0.04 1.38+0.04
164 2009 K = ZS NC206 1.13+0.04 - 1.01+0.05
165 2007 7K = % 175 1.75+0.03 1.450.03 1.59+0.06
166 2011 7K = % FEHE 1718 1.16+0.02 0.84+0.04 0.99+0.02
167 2018 7 S| % i F 1512 1.57+0.07 1.08+0.01 1.33+0.06
168 2017 7 | ES iz 139-2 0.88+0.03 0.89+0.03 0.92+0.05
169 2016 7 | % % 25 1.04+0.03 1.34+0.03 0.93+0.03
170 2017 5 i % F77 8156 1.07+0.04 0.93+0.03 0.84+0.04
171 2018 =1 B 23 i 5 9 5 1.53+0.04 0.77+0.03 1.21£0.07
172 2018 7 | ES K# 323 1.08+0.02 - 0.78+0.04




173 2018 =\ ] A Il 35y I 4133 1.43+0.04 1.68+0.08 1.36+0.04
174 2017 7 | % SR T 104 0.88+0.02 0.36+0.02 0.55+0.02
175 2018 K a ES Kih K 6789 1.18+0.06 1.53+0.07 1.13+0.03
176 2018 K | % I 4y I Y7287 0.77+0.02 0.39+0.02 0.53+0.03
177 2018 7 | % iEh B 14112 0.77+0.02 1.550.08 0.85+0.03
178 1974 K a ZS I 453 T 95 1.02+0.05 1.14+0.02 0.91+0.03
179 1999 7K a = KI[F EE 14 0.67+0.03 0.27+0.01 0.54+0.03
180 2009 7K a = KR EEHE165 1.13+0.06 0.27+0.01 0.71£0.02
181 2017 K Fl & N LHAT 5 1.13+0.06 1.05+0.06 1.05+0.05
182 2006 K | % B3 % 218 0.85%0.02 1.17+0.03 1.15+0.04
183 2018 K | % B3 iZ % 161 0.93%0.04 0.70+0.03 0.81+0.04
184 2018 K | % B3 iZ M 14207 1.46+0.06 1.200.02 1.33+0.07
185 2018 K S % Il % Y8012 0.99+0.03 0.78+0.03 0.87+0.03
186 1981 7 | % i/ TR 5 1.92+0.09 1.32+0.03 1.37+0.04
187 2019 7 H % I %73 110 0.94+0.05 - 0.97+0.06
188 2022 7 | % iEh izF 1818 0.72+0.02 0.55+0.02 0.63+0.04
189 2022 7 | ZS Kih K 5804 1.290.05 1.89+0.06 1.32+0.05
190 2019 =\ A '3 I ¥ Il 5 5325 0.93%0.03 1.01£0.03 0.96+0.03
191 1976 =\ A '3 I ¥ I 5144 1.11£0.03 1.27+0.03 1.18+0.03
192 2020 =\ A '3 I ¥ 5 10 5 1.13£0.05 1.58+0.03 1.16+0.04
193 1972 =2 = £ I ¥ Hr 14 0.83+0.02 0.85+0.04 0.90+0.04
194 1981 2 = . I ¥ 5 11 1.14+0.03 1.28+0.06 0.95+0.03






