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Abstract: In this study, 205 elite wheat lines from winter wheat region of China were used as materials to
analyze the phytic acid content, and the cluster analysis and related was further conducted. The results
showed that the average Phytic acid content of the two environmental groups was 4.99 g/kg and 3.31 g/kg,
and the variation range was 17.90 g/kg and 10.20 g/kg, respectively. The variation range was relatively large.
The results of cluster analysis showed that there were significant differences in Phytic acid content among 6
groups. B54, B40, B86 and B126 have the lowest phytic acid content among the extended varieties or
backbone parents, which can be used as important parents in low Phytic acid wheat breeding. The higher
generation lines B131, B141, B181 and B149 had the lowest phytic acid content. Combined with excellent
agronomic traits, it is expected to select new functional wheat varieties with low Phytic acid content. A total
of 36 single nucleotide polymorphism (SNP) markers associated with phytic acid content in wheat grains
were detected (P < 0.001), which were distributed on chromosomes 2B, 3A, 3B, 3D, 6A and 6B. The
contribution rate of phenotypic variation of a single Association site was 5.73% ~ 9.69%.Excellent alleles of
genes with low Phytic acid content were identified such as tdurum, were identified contig35799 208-G.

Excalibur_¢96134 152-C and tdurum_contigd3538 1687-A, etc. which had a greater effect on low Phytic
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acid content.

Key words: bread wheat; Phytic acid content; cluster analysis; nutritional quality
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TR & AT RIS, JFE S b H AL IR
ZPE (SNP) SRic JCHRA A5, i3 AR R AN
EAE R RN BRI, iy [ A 22 IXAIRE R /N2 it Jox
BRI R B FE
1 R 5FZ*E
1.1 SEIGHF A

205 AT L, A dE TP E 4 & X 20 22 80
AR DO e SRR BCE TR A 132 3 A 8
730y, HhmfiRredkAtbEILARS . F
2016 F1 2017 4E R AL RAIME T L AR RO R
RIAY, BhbERh 347, 2 REE, 7K 2m,
Y5 #&Ah 70 kL, FTIAIEE 25 em. HHD R AP EE
A RS R EA A ™ B H 3 FMER

i B4 UBE B ML, SPEX GENO 2010
GRINDER: Z[#H SPEX Sample Prep 23] ; [y
%, SPECTRA max PLUS384: b5t JpBkAE Wkt
RIBABRAF

1.2 SEAHE
1.2.1 FHRIkE

G €7 ) = I R - i e R0 AP P W i
HRUREAS/INDK (R 43 0000 2 o FH e 3 o 4 U
BLEEHS . #% Chen 2l Jy kil e M MR & i,
EMMGE, ¥ 30 mg EFET 1.5 mL BOEH,
JIA 0.4 mol/L HC1 1 mL F1 15%H TCA $2HU ,

IR TR 3 h, FLL2000xg .0 10 min, R)5
BsopuL BV, &F 1.5 mL B8 (2
36.3 mmol/LNaOH 550 pL ); JIA 200 uL {2 (i
(7 0.03%5H b8k, 0.3%Mi3L KGR ), KN 5 HL
200 pL W, FREFR{AE 500 nm T8, WE
FE TR B 4
1.2.2 DNA $2HURI 4 2H 90k SNP .tk Jv 435
Z WS A 2 B %) Triticarte Pty. Ltd ( http:/
www.triticarte.com.au/ ) J5 15 & BUHE R B4 REBE 1A
DNA, ] 0.8%Z5tl5#% Fi VKAl DNA Jo7 2 Ak B2
ZEHC S IR 36 e WK S 3 A 30T o RAR IR &R
A AR G, HEE lumina 24\ F15E
] BEL 5% 30 N ST R 24 L R & /e 90k JEPRIES B
(81 587 A4~ SNP) #ATHHAREA DNA YKL 53
A, FAH GenomeStudio KR EH/ FIEHE I L)
A F A . H PLINK v1.07 XF3k4%
%) ik DR B S B AT o A R, S R A RO T
80% FMILAT L AT R /NF 5% SNP AR, e
A 24 355 4~ SNP HF IR & = KB HT
FIFH Wang "%t 6 41~ DH A& #EA (BT-
Schomburgk AUS33384 . Young AUS33414 ., Chara
Glenlea, W7984xQOpata M85, Sundor AUS30604
F1 Westonia Kauz ) #E17EITEE A A SR, 3R
PARSERHA SNP fLSm LR (2 1) S
AL EE,

#1 SNPEFEEEIZER
Table1l Information of SNPin theintegrated linkage map

Jetfk PRCECH  EBIEE /M | @k FRCEE ESREKRE/eM | Ak BRciE EBIREKE /M

1A 1506 161.35 1B 2390 174.10 1D 629 196.97

2A 1462 185.46 2B 1977 180.33 2D 769 151.92

3A 1154 184.56 3B 1628 150.97 3D 331 156.06

4A 1145 164.12 4B 882 118.91 4D 78 161.10

5A 1243 144.15 5B 2187 219.77 5D 240 207.32

6A 1463 180.74 6B 1786 127.54 6D 234 156.53

7A 1550 232.13 7B 1471 178.85 7D 230 241.28

Total 24355 3674.16

1.2.3 PRRAbRIC # SCE A BTG T, HARCHY P<0.001 BN R

W F TASSEL 3.0 /4 http://www.maizegenetics.
net/ ) Y MLM ( mixed linear model ) 47k
FFRIC Z 8] 1Y I 4347 o #IH] Structure 2.3.1 4
5 Q {l, FH TASSEL 3.0 # {4114 Kinship &,
XTRERZE /L B3 8 )5, 817 MLM_Q+K

1E5 AR AT OCHK
13 REHIELIE

K H SAS( Statistical Analysis System )8.0 %%
1, KRR O 5 B o1 AR AT R AL S
VIRR FGHE 25 AR, #% Ward 280 5 Rk 43l %t
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SRR HEAFRRMENG , FEVE REL (RP) Jy 85% kP f
) ERENG BUBEIRR 6 % (43). 6 SRR A Rt 2 54

KRB R AT Hedr, 28 2 RS 3 S8 A g
D (A BIEEE 3 AR 2 A Ah ), HKES 1
5 (ALHE 15 A ). 55 5 A5 6 28 (il
15 24 S 37 AN, B4 R ERE (1
F8 12445580 )05 3 28 Rl 0 T2 R R 5 it i e
9 18.35 g/kg, HIKAES 2. 1, 5 Fl 635, 43l
15.35 g/kg. 12.71 g/kg. 8.10 g/kg 1 6.19 g/kg.
55 4 JE TR AR A A, K 2.34 g/kg,
BEMTHAM S, B ARAREMMER, BRE 2
M3 RBAIMZI, HESLPEA L 5010,

21 205 MERBFENENEERSE

PRSP RGTAERR & S (E 0 4.99 gkg
F13.31 g/kg, 2RSSR 17.90 g/kg F110.20 g/kg.
GRFW, B R & A R AR,
RN A NHE ST 1, BT AIES M, R
AR R 7 fat B T Mtk o ot o O 2 A AR
R & ST IR (£ 2),
22 BELSW

P A BT A A AR R 5 o B R AE

®2 #ABEENEEHERSERITR

Table2 Phenotypic variations of Phytic acid content in the wheat population

PRk g ® /M e KAH. AR PifibrifE 2 R R st £ 5353
TR & El 1.00 18.90 17.90 4.99+3.88 78.54 1.25 0.96
E2 0.60 10.80 10.20 3.31+1.37 41.39 1.28 1.75

FE: aEl M E21UEE 2016 4EJEFRE, 2017 FEERL,
Note: a E1 and E2, represent Tai’an 2016 and Tai’an 2017, respectively.

x3 206MNEMRREEBRIERESN
Table3 Cluster of 205 cultivars based on Phytic acid content

RN

B123, B20, B83, B176, B193, B205, B136, B56, B184, B106, B146, B29,
B57,B140, B170

B85, B122, B52
B1, B71

B54, B131, B141, B181, B40, B86, B126, B149, B81, B115, B160, B174,
B43, B61, B67, B102, B134, B201, B36, B49, B59, B64, B121, B147, B155,
B192, B7, B26, B119, B125, B161. B180, B190, B203, B24, B44, B62, B80,
B84, B199, B55, B77, B5, B10, B109, B150, B157, B185, B202, B17, B14,
B42, B132, B187, B4, B60, B114, B133, B177, B194, B128, B138, B171
B12, B72, B105, B143, B178, B3,B28, B73, B139, B153, B204, B6, B41,
B63, B142, B154. B197, B9, B38, B65, B158, B129, B18, B70, B152, B198,
BS, B22, B35, B182, B27, B31, B101, B30, B45, B200, B53, B87,B58, B68,
BY4, B167, B172, B179, B183, B34, B156, B163,B169, B13, B100, B165,
B196, B75, B108, B19, B103, B111, B120, B173, B11

B32, B168, B79, B118, B135, B16, B78, B145, B97, B113, B93, B107, B25,
B90, B117, B76, B88, B124, B91, B144, B21, B2, B74, B69

B95, B23, B92, B51, B89, B186, B39, B48, B162, B175, B110, B151, B104,
B33, B50, B98, B166, B191, B47, B195, B99, B148, B164, B46, B66, B116,
B112,B130, B159, B37, B82, B137, B127, B15, B96, B189,B188

T 455 BT R R EOR o AR B C % )5 RERR B ek S S S (E A v 22 5 B I A ) 5 R R R () A7 7R A S 35 22 57 ( P<0.01 );
AT R TR R RIS S RF R B 252 R HE A AR 2 1 ARSI 5
Note: The figure in parentheses is the number of cultivars and population proportion(%). Phytic acid content is shown in mean +

standard deviation, and different letters afterwards indicate significant difference among groups at P < 0.01.Code of cultivar underlined
indicate advanced lines. In each group, cultivars were sorted by phytic acid content with value from high to low.

e TR & & g/kg
Grl(15/7.32)

AL g/kg
11.30~14.20

12.71£0.96 D

Gr2(3/1.46)
Gr3(2/0.98)
Gr4(124/60.49)

15.53+0.31 E
18.35+0.78 F
2.34+0.93 A

15.20~15.80
17.80~18.92
1.00~4.50

Gr5(24/11.71) 8.10£10.70 C

8.10~10.70

Gr6(37/18.05) 6.19+0.79 B

4.80~7.60

A, FFHE PGSR (R) B/, 1EIK
TR & & B B BE A AN . Hodr, 132
AHET WA e S TEAY, B54, B40. B86 Al

84 KRR L, AR 124 DR,
TR 20 L 60.49%, HAV-YIMERR & S ik,
2.34 glkg, FRMIILMPBUREA L R 2800 FER &
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B126 AHMR & i, A A AEMCN H Z I F R

PRt AH ORI A8 2 G5 (P<0.001 ), A AE

A, TEAMERR & /A MBEM I REEN . & 2B, 3A. 3B, 3D. 6A fil 6B Jeufk I, PAANICHEE
U Z BI131, B141, BI81 Ml B149 MR & Rl i HRBRTHREN 5.73%~9.69%( % 4, & 1),
fiK, @amARRER, AR HIMAER S @ik TASSELV3.0 B4, 2645 2 AR5 T
HEITHEPE/ N2 i B o A S 4UCHAM BT QQ 18 (181 2),
23 EBEELERAXKAS IR P BEIARZE M3 2] T 8450 . B1 ABEk
WIS FPREAE FERRES , SRR S 36 DS mk i INE 24 DOERAA, Hrb, 22 DMSEETTE 3A G
R4 HBREEXBUAREMRETRNRAMKE (R)
Table4 Loci associated with Phytic acid content and percentage of phenotypic variation explained (R?)
7% brid USSR A P fH TIHRE RY/%
El wsnp_Ex_c28310_ 37444843 3A 85 5.56x107* 6.03
CAPS ¢c1093_136 3A 85 6.60x107* 5.87
Excalibur_c19671 139 3A 88 3.73x107* 6.42
wsnp_Ex_c2148 4035913 3A 88 6.18x107* 5.94
wsnp_Ex_c22766_31972202 3A 88 2.72x107* 6.73
wsnp_Ex_c24293 33532428 3A 88 2.72x107* 6.73
wsnp_Ex_¢32003_40728918 3A 88 6.62x107* 5.88
wsnp_Ex_c9468 15697512 3A 88 2.72x107* 6.73
wsnp BE406587A Ta 2 1 3A 88 2.72x107* 6.73
BobWhite c9468 453 3A 88 8.89x107 6.02
BobWhite c9468 478 3A 88 8.89x107* 6.02
TA001068-0306-w 3A 88 3.73x107* 6.42
TA002217-0946 3A 88 4.10x107* 6.33
wsnp_RFL_Contig4814 5829093 3A 89 6.95x107* 5.82
Excalibur_c854_1459 3A 89 6.82x107* 5.84
Excalibur_rep c76510 255 3A 89 3.73x107* 6.42
Kukri_c101770_328 3A 89 8.89x107* 5.61
wsnp_Ex_rep_c66867 65267909 3A 91 7.61x107* 5.73
wsnp_JD _c8207_9234643 3A 91 7.61x107* 5.73
Excalibur_¢5561 1013 3A 91 7.61x107* 5.73
IAAV3488 3A 91 7.61x107* 5.73
TA005795-0543 3A 91 7.61x107* 5.73
Tdurum_contig17943 547 3B 14 3.51x107 7.59
Tdurum_contig35799 208 3D 5 2.27x107° 9.69
E2 Jagger c914_155 2B 127 8.53x107* 5.64
Kukri_c23955 144 3B 135 1.48x107* 7.33
Kukri c65481 121 3B 135 2.26x107 6.96
RAC875 c23148 680 3B 135 1.83x107* 7.17
RAC875 c68392 200 3B 135 2.89x107* 6.67
wsnp_RFL_Contig4557 5390605 6A 111 6.10x107* 5.94
Excalibur_¢2737_309 6A 111 7.53x107* 5.74
Tdurum_contig97355_ 194 6A 111 7.53x107* 5.74
Excalibur_c96134 152 6B 5 6.03x107* 5.95
Excalibur_c96134 182 6B 5 6.03x107* 5.95
Tdurum_contigd3538 1687 6B 5 6.03x107* 5.95
BobWhite_c¢12013_275 6B 80 6.10x107* 5.94

T aE1 A1 E2 103K 2016 4R EE#R%E, 2017 EERZ

Note: a E1 and E2, represent Tai’an 2016 and Tai’an 2017, respectively.
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Fig.2 Quantile-quantile plot for Phytic acid
: ) content in two environments

content in two environments V. LY ELIE. FEN E2 35,
e 1221 435 1A, 1B, 1D, 2A, 2B, 2D, 3A, 3B, 3D, 4A, 4B,

4D, 5A, 5B, 5D, 6A, 6B, 6D, 7A, 7B, 7D Jifaik, FEN E1 ®

Bl EBRSELERAEXESTERME
Fig.1 Manhattan plot for Phytic acid

Note: E1 environment (above), E2 environment(under)

BE, TN E2 . ST NETTE 6A Fl 6B By F — 07 & I, Bl g,
Note: In Manhattan plot, 1-21 represent chromosomes 1A, 1B, 1D, o U e W A s A EL

2A, 2B, 2D, 3A, 3B, 3D, 4A, 4B, 4D, 5A, 5B, 5D, 6A, 6B, 6D, 7A, MSJ::LX-&: B&Eﬁﬁulj\i*}*i*ﬁgﬂ R e SRR
7B, 7D, respectively. E1 environment (above), E2 environment(under). g [ZEQ'- 5

afk 85-91 KB, DMK BN 24 REBRMIRRREMLE

P /NG OB A R B i SRS . S AR AN PAASFIREAR BE PR PRGN E 36 AN JCHRALAT,
SOOTA O ARTES R 3B A1 3D b, 3D Jefafk b HIEHORRISEAAS S A AR o R 2R 0~
{85, Tdurum contig35799 208, AFIMEEX 098 gikg, Hr, RESENAR S5 A Y £ A 22 (H
BOKSE (2.27x107°), E2 FREER IR 12 B IAF B E 2R st 25 4>, E1 3758 19
M, JYARTE 2B, 3B. 6A Fl 6B Jefrfk I, Hip,  Musi, B2 ML 6 AMusi, AhFPERILZE(E N
4 AL AR AE 3B Ye ik E — i s, &4 3 A 0.33~0.98 g/kg (£ 5), £ E1 BRI S B4 1

R5 BEREEXBRUIZMNERRE

Table5 Phenotypic effect of allelic for Phytic acid content loci

782 715 PSRN AR5 AT B T */(glkg) ZAH/(g/kg)
El  wsnp_Ex _c28310 37444843 3A A 107 4.97 0.04
G 98 4.93
CAPS_¢1093_136 3A G 108 5.05 0.22
A 97 4.83
Excalibur_c19671_139 3A C 116 5.09 0.33
T 89 4.76b
wsnp_Ex_c2148_4035913 3A A 92 4.82 0.14
G 113 4.96
wsnp_Ex_c22766_31972202 3A A 90 4.80 0.27
C 115 5.07
wsnp_Ex_c24293 33532428 3A C 90 4.76a 0.34
T 115 5.10b
wsnp_Ex_c32003 40728918 3A A 114 5.05 0.22
G 91 4.83
wsnp_Ex_c9468_15697512 3A A 115 5.10a 0.34
G 90 4.76b
wsnp_BE406587A Ta 2 1 3A A 115 5.10a 0.34
G 90 4.76b
BobWhite_c9468_453 3A A 88 4.74a 0.37
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5% 5
W5 (A PSRN SRR S Al A AR - Y(glkg) Z{H/(g/kg)
El G 117 5.11b

BobWhite_c9468 478 3A A 88 4.74a 0.37
C 117 5.11b

TA001068-0306-w 3A T 116 5.09a 0.33
C 89 4.76b

TA002217-0946 3A C 114 5.10a 0.34
T 91 4.76b

wsnp_RFL_Contig4814 5829093 3A C 90 4.70a 0.44
T 115 5.14b

Excalibur_c854 1459 3A A 91 4.68a 0.48
C 114 5.16b

Excalibur_rep_c76510_255 3A C 89 4.76a 0.33
T 116 5.09b

Kukri_c101770_328 3A C 115 5.14a 0.44
T 90 4.70b

wsnp_Ex_rep_c66867_65267909 3A C 76 5.20a 0.67
T 129 4.53b

wsnp_JD_c8207_9234643 3A C 76 4.53a 0.67
T 129 5.20b

Excalibur_c5561 1013 3A A 129 5.20a 0.67
G 76 4.53b

1AAV3488 3A A 129 5.20a 0.67
C 76 4.53b

TA005795-0543 3A C 129 5.20a 0.67
T 76 4.53b

Tdurum_contigl17943 547 3B C 129 5.20a 0.67
T 76 4.53b

Tdurum_contig35799 208 3D G 34 3.99a 0.98
T 171 4.97b

E2 Jagger c914_155 2B A 127 3.42 0.28

G 78 3.14

Kukri_c23955_144 3B A 132 3.18a 0.37
G 73 3.55b

Kukri_c65481 121 3B C 131 3.17 0.17
T 74 3.34

RAC875_c23148 680 3B G 74 3.54a 0.36
T 131 3.18b

RAC875_c68392_200 3B G 75 3.53a 0.35
T 130 3.18b

wsnp_RFL_Contig4557_5390605 6A C 14 3.12 0.2
T 191 3.32

Excalibur_c2737 309 6A C 16 3.14 0.08
T 189 3.22

Tdurum_contig97355_194 6A A 16 3.14 0
G 189 3.14

Excalibur_c96134_152 6B C 39 2.74a 0.7
T 166 3.44b

Excalibur_c96134_182 6B C 166 3.44a 0.7
T 39 2.74b

Tdurum_contig43538_1687 6B A 39 2.74a 0.7
G 166 3.44b

BobWhite_c12013_275 6B C 14 3.12 0.2
T 191 3.32

T a SRR ENZEE, BEEARTRRRE A8 2 N EMERE AR EZER (P

37748 S5 it ot 19 2 TR ) 0 25 1 2 SR K IO 60

Note: a Difference between alleles. Different capitals after data indicate significant difference between alleles onone locus at P <

<

=

0.05 ). AHAFRIC T R IEH A ) %

0.05. The italic marker indicates the loci at which the phenotypic value of varieties carrying different alleles reaches the level of significant
difference.
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Tdurum_contig35799 208 X Ik #H AR & & % fix
K, 221HH 0.98 g/kg, AL G AHXT T
SREENI AR S, A, B2 BRBE A A A8
Excalibur_c96134 152-C ., Excalibur_c96134_182-T
H1 Tdurum_contigd3538 1687-A X AL R & &AM
LN
3 iTig

XFFRIE 76 173/ W SRR AL 62 13k I BT
KT R AP R 22 X SRR A T 00, /N2 R AR
S 5.16~9.87 glkg! ., TEFRIE 137 3180
TR, AR S AR BRI 9.59~29.63 g/kg, K
2R R o BRSO, 400 YERRE
K CIMMYT &R T A BRI RL R 5 o 1 A8 57
LN 11.7~19.3 g/kgP%, #HER X 212 03tk
TR AR IR S il 2.18~13.37 g/kg, 4R U5
PR & iR T rp &k Ak, i
K AIX 205 15y 20 22 80 AFEAC LIS AIHES i Ak
BT EA S = AT R AAEIR & i 1.00~18.90 g/kg,
A RSB REIR & fi. SRARaEAR > 1),
AFFE AR & R S FETE R, H4RZH
AR R o AR, T RR S AT RE IR AR R A
A Ko HETIR B W/ AR R & 1 AT 3l 4%
PR AR Sy A R . BRI, FE S ATiE AT /N2 AR
(ER A TR KA, 1 SR B SRR A E bR R
T & — AT B, AW, #
IR FhECE T oEA T, BS54, B40. BS6 Al B126
MR S AR, Aol RECN HEL I FFEA, 1
R R & /N2 i BB A b R AR R

HAREMSREA RS Btk Bk
FUE BRI, A 2B B0 v] BLEErE A7 L
WAL T WA a P, AFEAH B131, B141, B181
Ml B149 FEmMEM G R ER S HEM, 460
FIRSPRIR, AATREIE R LR RR & IRtk
2 A

HET, ENSMT/NEZ PR IR & & QTL & 1ir
D7 HGE R . AR BITE 2B 3B, 3D Fi
6B YL fA LRI BIAERR & B QTL A, ik
P2 IE 3B 1 3D Ye o fhk R3] 2 A A R
Fi QTL, Mal%E!' e 2B 1 6B Yefafk ki
A7 B P IR R &5 5 19 QTL, )45 ki B e ({4

AT REAT AR P R R O P E R

[P A I A2 B TE b T T 4R
ABGE, AR AEAE 25 2 50, (AR 5 R A
B B R T A X RE TP AT L. 3
FEABIE ST SRR 1, HE— 2R & 22 X B IR Y
B PP OCR S, RO R AR E
B B TE A B ORI, R
SURF AR, /MR TR RIS S
4 g

PR A Tl A AT B B S5 T IR R O 1T S (R
4.99 g/kg M1 3.31 g/kg, ZRMES54 17.90 g/kg Fl
10.20 g/kg, BEARAIR & A8 S R R . BI9r
B BRI 6 25, o, S RE R R IR
552 M3 RASMZI, HERLETEAHS
O3y AT AP ECE T EA T, B54, B40. B86
M B126 MR & sk, A T RERCN HE W F A
EA, TEARMERR & W/ B R R AR
H1CH R B131, Bl41, BI181 fil B149 MR & &
&K, ZiGmAMEER, ARk s B IER
Er i DIREE/NZE BN . G TR 2 36 A
557N 22 R R AE TR H A DG I A B 2 OG I 67 A
(P<0.001), 7 Miife 2B, 3A. 3B, 3D, 6A fil 6B
Jeta R I, B SCHR 7 0 R A S DTN 5.73%~
9.69%. [FIFF, 254 T —HCAR (AR o 5 5
A3 S 514N Tdurum contig35799 208-G . Excalibur
c96134 152-C Excalibur_c96134 182-T # Tdurum_
contigd3538 1687-A XTIRAER 7w AN K
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