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Nutritional Quality of Colored Wheat Germplasms
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Abstract: Fourteen colored wheat germplasms and two white wheat cultivars(control) were used to in-
vestigate the performance of major agronomic traits and nutritional qualities, and to evaluate by prin-
cipal component analysis for excellent colored wheat germplasm. The results showed that Ziyou 5 had
excellent effective tillering, number of spikes, yield, biomass and harvest index; Xihei 88 had good
performance in spike length, kernel number and thousand-kernels weight. The nutritional quality of
Xihei 88, Ziyou 11, Yanghei 1, Ziyou 5, Lingheimai 2, and Xihei-2 was better than that of the con-
trol. High variation coefficients were observed for effective tillering, spike length, yield, dough de-
velopment time, stability time, peak viscosity and mineral nutrient elements of colored wheat, sug-
gesting wide scope for improvement. Correlation analysis showed that kernel number per spike, 1 000-
grain weight and number of panicles were significantly positively correlated with grain yield ( P
<C0.01), and crude protein was significantly positively correlated with wet gluten, water absorption,

dough development time and stability time(P<C0.01). SDS-PAGE was used for HMW-GS identifica-
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tion. Eight subunit types(Null, 1, 2°, 7+8, 7+9, 14+15, 2+12, 5+10) and seven subunit com-

binations were detected. Among the colored wheat, score of seven germplasm was up to 10, higher

than that of white-grained wheat. Rare and high-quality subunits 14+ 15 was found in Xinongcaimai 007

and Yanghei 1. A total of five principal components were extracted from 18 main agronomic traits and

nutritional quality by principal component analysis, and the cumulative contribution rate was 81. 70%.

The composite scores indicated that Xihei 88, Ziyou 11, and Xinongcaimai 3 had excellent overall per-

formance, with high utilization value in agronomic traits and nutritional quality, which could be ap-

plied in colored wheat improvement.

Keywords: Colored wheat; Agronomic traits; Nutritional quality; HMW-GS; Principal component a-
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Number Name Code Source Grain color
1 %6 202 Wanyu 202 WY202 T H Henan # & Blue
2 Wi ¥ 35 Xinongcaimai 3 XC3 B P Shaanxi {4 Black
3 HO07 2 HO07 hei HO7H BEVE Shaanxi M Black
4 P51 Xihei-1 XH-1 BEVE Shaanxi m i Black
5 PH -2 Xihei-2 XH-2 B P Shaanxi M5 Black
6 % #.-1 Donghei-1 DH-1 Bk P8 Shaanxi M Black
7 B % 1 %5 Longzimai 1 .LZM1 T Gansu {4 Purple
8 P4 ¥ % 007 Xinongcaimai 007 XC007 BePE Shaanxi 244 Purple
9 RMBF 25 Lingheimai 2 LHM?2 i Henan M5 Black
10 P4 2% 88 Xihei 88 XH88 B P Shaanxi {4 Black
11 24k 5 5 Ziyou 5 ZY5 Yt Hebei 44 Purple
12 Pife 7% 18 Xinongcaimai 18 XC18 B 7E Shaanxi A4 Purple
13 B 1% Yanghei 1 YH1 BEPE Shaanxi (4 Black
14 4111 %5 Ziyou 11 ZY11 WL Hebei 244 Purple
15 K 151 Pubing 151 PB151 Bl 76 Shaanxi [ {4 White
16 Pi4¢ 511 Xinong 511 XN511 BEVE Shaanxi 9 {5 White
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Fig. 1 Correlations between main agronomic traits and nutritional quality of colored wheat germglasms
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WK 2 Mz 4 Fros . Glu-1 30 T 8 Flily 5
K, H P Glu-AT 7S P 3 A Null 1 F1 27,
PIE R 3E 1 R 3 sGlu-BI 5r SR H 3 .7+
8.7+9.14415,Lh 7+9 WILHAL T 748 WHH
FGlu-DI {53640 1 2 F.2+12 F1 5+ 10,
DL R W 3E 5+10 3,

M2 5 "I, R /N 2 B BT HMW-GS 45
W7 A B4 A (Null/74+9/24+12.1/7+8/2
+12.1/7+8/5+10,1/74+9/2+12.1/14+15/5
+10.2°/7+8/5+10.2" /74+9/5+10), Hrp iy
A f e B ML BE2H A 02 1/7+8/5+10, 3 4 £
FSE, o5 bl 28, 57 %, Al o 5T A5 43 v [
H 5~10.FH154r 8. 4 H A IEs 8 10 AW FE 4
EH 3HA/7+8/5+10,1/14+15/5+10.2" /7
+8/5+10) 4t 7 3 AL (WY202 . DH-1,XC007 ,
ZY11.HO7H.YHI1.LHM2), i [t} 50. 00 % ;{¥
XH88 s iitsrh 9 0, WA G H 27 /7+9/
5410,

g L PR A 11 % 24 Fh Bt (DH-1,XC007 .

ZY11, HO7H, YH1, LHM2, WY202, LZMI,
ZY5.XC18 XH88) W 41 & ¥F 4> K T 8. Mk i
W ELZH A s Horh 7 0 Fh BT A R 20 A PF 43k B 10
Ay T EZECHOTH A YHL B A £ 5 W 3
14415, 3% 65 7 {0 it 0 H 0 F i3 Al Sl % (8 /N 22
il JoT B R A O S 1) 3 A% AR
2.5 BBNEMREIERZERNERTRRD
RS
2.5.1 18AZBMKRG I RSB F&E
H 2 6 AT, SEHUCAT 5 4 3 RAE N ZE AT
Hrogbr . Hh,PC1 BY4FIEME Jy 4. 65, J5 22 DTk
x4 HENEMHEREHMW-GS ERERRME

Table 4 Variation and frequency of HMW-GS
alleles in colored wheat germplasms

7 4 3K i B it i
Locus Subunit types Number of Frequency/ %
germplasm
Glu-Al Null 2 14. 29
1 10 71.42
2 2 14. 29
CGlBl T+8 s 57140
7+ 9 4 28.57
14 + 15 2 14. 29
CGlepl 2412 6 12.86
5+ 10 8 57.14
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CK1:H [# # Chinese spring; CK2: F§ 4 979 Xinong 979; 1: WY202; 2. XC3;3: HO7H;4: XH-1;5: XH-2;6: DH-1; 7: LZM1; 8.
XC007;9:LHM2;10:XH883;11:2Y5;12:XC18;13: YH1;14:ZY11;15.PB151;16:XN511.
B2 #t/AEME HMW-GS i SDS-PAGE Eit
Fig.2 SDS-PAGE patterns of HMW-GS in colored wheat germplasms

x5 HBEMNEWHROIMW-GS EELXBERRES
Table 5 Type and quality score of HMW-GS combination of colored wheat germplasms

17 5 Locus

i 5 i LIES il AR 43
Glu-Al Glu-BI Glu-DI Number of germplasm Frequency/ % Quality score
Null 749 2+12 2 14. 29 5
1 7+8 2+12 3 21.43 8
1 748 5410 4 28.57 10
1 749 2+12 1 7.14 7
1 14+15 5+10 2 14. 29 10
2" 7+8 5+ 10 1 7.14 10
2% 749 5+10 1 7.14 9
K6 BIATEMRBEEATINFZEEE
Table 6 Total variance explanation of the 18 main characters with eigenvalue greater than 1
WA ¥R HE A Initial eigenvalue
¥y
Principal component it 7 Z Tk R TR
Total Variance contribution rate/ % Accumulative contribution rate/ %

PC1 4.65 25.82 25.82

pPC2 3.28 18. 24 44.07

PC3 3.12 17.35 61.42

PC4 2.27 12.62 74.04

PC5 1. 38 7.66 81.70

RN 25,82 % PC2 BYFFEME Ny 3. 28, 7 22 Bk %
18,24 % s PC3 MRHIEME Ry 3. 12, Jr 22 BTHRAH Ry
17.35% ., i 5 A E 1 Bt stk Rk 81, 70%,
TR 5 A4~ 3800 T LA AR D 5080 R o1 L

M7 THL AR 1 FE A B TR LR
ARAGH = T T R R RS A A IRD ) G
P, TR0 R I i AR 8 L R MR
R I T A A 2, DU I R A DR AR
REEHFEMEH T, 52 F s B
K OB BRI/ N, ) B G R R K /D
TR 22 ) oAy Bk 22, DR I R o A S A 56 TH 75
553 A A AR RS BE RO A 1) G

FRRUIAE R BEROB 22 77 8 8K, R AR O 7
MOCH T, FRFB,5 A 3 805 BT X I 0 R AE
Ia] 5k (14 R /NI ) A B 1 R 25 Mtk L 3R L A
HAEF S50, 0] R /N A R R
2.5.2 RELMRFERDAGESIFNER
FFHAFAEAE VR AE 1) 3 H 55 & A R 1 R
BB IR BE AR AL T /N A A U B
T35, FETTERRME NG MY R A 5X)
IO 4% T J 53 A5 43 AH 3R S5 5 B 45 A 3 SR AR
LEAFM KR . F =0, 26Y, +0. 18Y, +0. 17Y, +
0.13Y,+0.08Y;.
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ME 8 WAL LGAMART O WEA/NEME SR LA R — M ZY 11 I i ) 5
YK, XH88 (0. 57) =>7ZY11(0. 49) >XC3(0. 34) WK AR IR S, AHRL AR 1 & & 8% XC3 Y /)
>WY202(0. 23)>72Y5(0. 03), % 4 /N2 fh i 25 TR 75 R R 11 B R I S (H TR A
RSB T 2 00 (1 MR, R & Bl XHSS, £ EFTAR . XHS8.ZY11 Ml XC3 JEZ5 A Mok it
ZY11.XC3 W28 & R H A Hoh XHSS MR SRR R AE A 2 b Mok ol B A 3
RLE TR EH R R T] R R 1 R T A R R 9 A A

RTS8 AMMEKET 5 A E RS BT X R B FFE R 2

Table 7 Feature vectors corresponding to the first five principal components of the 18 traits

FEMR %1 FWMr %2 EMr ERIES I 554 B %5 EMr
Major character PCl1 PC2 PC3 PC4 PC5
THE TGW 0. 86 0.19 —0.09 —0.05 0.27
WAk 5 % HI 0. 80 0.25 0.36 —0.29 —0.22
=i GY 0.78 0.34 0.44 —0.26 —0.05
FasE ) ST 0.73 —0.26 0.16 0.31 0.23
R WG 0.71 —0.39 —0.38 —0.15 0.28
HMEHA CP 0.63 —0.30 —0.57 0.21 0.12
JE B AT ) DT 0.47 —0.29 —0.25 0.31 0.03
HHEVW 0.07 0.75 0.26 0.22 0.32
T SL —0.13 0. 64 —0.43 0.17 0.34
TR E KPS 0.50 0.59 —0.10 0.39 —0.16
/NEEEL SN 0.16 0.58 0. 34 0.57 —0. 14
A NP 0.35 0.11 0.78 —0.46 —0.14
AR BER ETN 0. 00 —0. 44 0.76 0. 00 0.08
KR WA 0.53 0.37 —0.55 —0.20 —0.35
LY Bio —0.15 0.42 —0.11 —0.68 0.19
Ry [ BE W —0.40 0.47 0.18 0.51 —0.14
WE(E RSB PV 0. 04 —0.23 0.55 0.31 0.63
¥hes PH —0. 34 0.50 —0.16 —0.49 0.50

®8 ERSBEFREEES

Table 8 Principal component factors and composite score

= F s 1 F o 2 F i3 F sy 4 F s 5 LEAHAY (F)
Code Y, Y. Y; Y, Ys Comprehensive score
XN511 3.54 0.07 2.85 1.53 1. 36 1.72
PB151 1.62 1.92 2.06 0.73 0.32 1.24
XHS88 3.35 1. 50 —4.89 1. 60 0. 66 0.57
ZY11 1.17 0.73 0. 83 —0.75 0.08 0.49
XC3 —0.90 3.42 0.79 —0.85 —0.86 0. 34
wWY202 0.15 0.28 0. 89 0.90 —1.58 0.23
7Y5 1.77 —1.06 1.12 —3.14 —0.27 0.03
XH-2 —2.58 1.55 1.22 1.59 —0. 26 0. 00
XC007 0.57 —0.37 —0. 87 —1.31 1. 67 —0.10
YHI1 1. 83 —2.25 —0. 46 —2.15 —1.29 —0.39
HO7H —0.21 —1.37 —0.54 1.21 —2.19 —0.41
LHM2 —1.58 —2.43 0.59 1.42 1.16 —0.47
XC18 —1.34 1. 25 —2.05 —1.12 0.31 —0.59
DH-1 —0.51 —3.53 —0.51 1.58 —0.43 —0.68
XH-1 —3.17 1. 16 —1.04 —0.27 —0.67 —0.88

LZM1 —3.72 —0.87 0.03 —0.99 2.00 —1.09
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