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Effects of Nulli-Tetrasomic Chromosomes on Agronomic
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Abstract; Nulli-tetrasomic materials are the important chromosomal genetic wheat materials, which
have been used for target gene localization. However, fewer studies reported on the agronomic and
quality traits of nulli-tetrasomic materials. In order to analyze the effects of chromosome deletions and
duplications on major agronomic and quality traits of wheat, the agronomic, grain and flour process-
ing quality traits of 38 nulli-tetrasomic materials were investigated. The results showed that coeffi-

cients of variation of agronomic traits showed grain number per spike>tiller number>spike length™>
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spikelet number=>plant height. Compared with the control(Chinese spring), the number of spikelets
of N7D-T7A increased significantly; the number of grains per spike of N2A-T2B and N6B-T6A de-
creased significantly; the plant height of N4B-T4A and N7D-T7A increased significantly; the plant
height of N6D-T6B decreased significantly; the spike length of N4A-T4B and N7A-T7B decreased sig-
nificantly; yet there was no significant difference in the number of tillers between all nulli-tetrasomic
materials and the control. The coefficients of variation of grain traits of the nulli-tetrasomic materials
ranked as 1 000-grain weight=>grain area>length-width ratio™>grain width™>grain length™perimeter;
compared with the control, the grain area of N3B-T3D, N3D-T3A, N3D-T3B, N6A-T6B, and N6B-
T6A increased significantly; the grain width of N3B-T3A, N3B-T3D, N3D-T3B, N6A-T6B, and
N6B-T6A increased significantly, and the length-width ratio of NIB—TI1A, N1B-T1D, N3A-T3D,
N4A-T4B, N4A-T4D, N5B-T5A, N5B-T5D, N6A-T6D, N7A-T7B, and N7A-T7D decreased signifi-
cantly. The 1 000-grain weight of N2A-T2B was significantly reduced, and there was no significant
difference in circumference and grain length between all nulli-tetrasomic materials and the control.
The variation coefficients of flour quality traits of the nulli-tetrasomic materials ranked as Zeleny>wet
gluten content>>protein content>moisture content>starch content; compared with the control, the
nulli-tetrasomic materials had differences in flour quality traits, which are not significant. The coeffi-
cients of variation of nulli-tetrasomic materials ranked as stability time>>development time = farino-
graph quality number™weakening value>water absorption; compared with the control, only the first
homologous group nulli-tetrasomic materials showed significant differences in dough development
time and stability time. Among them, the stability time of NIA-T1B dough reached significant differ-
ences, the dough development time and the stability time of N1A-T1D reached extremely significant
differences, while there was no significant difference in other indices between the nulli-tetrasomic ma-
terials and the control. The results of this study lay a foundation for further analysis of the genetic
effects of nulli-tetrasomic materials.

Keywords: Wheat; Nulli-tetrasomes; Agronomic traits; Grain traits; Flour processing quality traits

o [ R R R A R R A i A B
SR AR DU A (Bt DU A 55 B2 T /N 22 s A b
e, o & B R R DL B % (Chinese
spring, CS) N5 MY 21 X [] P8 L €@ A& rp ke 2 1
X G {4 [ B SCBE i 1 X JHG A 38 4 ] P G £ {4
(R 388 12 1A R R i 2% e £ A 1 DO AR /I 2 D) — A e
Ay e, FE YL AR B AR R 42 &V,
G DU A bR E B R R T R AR DL A
B G o R C X S A5 T AL 3 R ke A B RS AR
TE S HH o BB e R TR RS I A TR Al T
PR Rk B 75 o) L L S P R AT M e

P i [ A ke D A AR 1) G e AR R B B
TN FE DR L | 8 2 2 A8 e AR AR DL e B bR
LD R SRRSO e S B 4R AR
A E # N4B-T4A, N4A-T4B, N4D-T4A #f 5%
/NFEF AT CH7015 At (4 9w 28 R 91 e £
FAB Qe @R R . PMVE A R 7 A g
PR REXT /N 22 3R e 185 5l b IR 5 Rl TaEPFLI

AT YR E N, B TaEPFLI, 1 {7 F 6D Yefa

K, TaEPFLI. 2 ii T 6B Y ik, TaEPFLI. 3 i
T 6A Yefafhk, 2205 R E B N4B-T4A
N4A-T4B.N4D-T4B #4 ¥} & 3 /N2 K-5 4 g iz
AT R BTIRERNCONI WA 3 AL, 5
BIERET/NE AAABAD e fa ik, 28 ik &0 Fi)
i E#H NSA-TSB.N5SA-T5D,N5B-T5A N5B-T5D,
N5D-T5B ¥/ 4 K R 45 & B N TaABPI-D &
i/ 5D Y (o Ak, ik 7 DY R 4 b B B
N2A-T2D, N2B-T2D. N2D-T2A. N5A-T5B,
N5B-T5D.N5D-T5B (1) SSR Fric % i 45 5, 4 )
CH7124 1y 2B F1 5B YL 4K | 0] 68 45 47 46 — it
ERAHOC QTL., A I 450 A v [ 25 ke D 4 A
BB Chi 3R WK —Chi-1.Chi-2.Chi-3.Chi-4
HIChi-6 4y BIENLTE 3A2B.5BL 1A Fl 3D e {4k
o ARG AR LIS N A A S 30 A
VU A Ay BIF 53 %6 52 XoF /0N 22 R I3 SR W 5 1 R AT 35
T 53 BT NS5 W4 ] 9 /I 22 F R 0 SR OBE 2 1 i



. 464 # K F W

EE

#
et

25 E AL AE 1D, 2B 3B 4B 6ATA e A fk |,
XL AE R FE S R T b [ AR i PO (AR R AR /N
A AL IS Y

KA LUR A7 ¢ v [ 78 ke U4 ) T 5 3 B2 4R
HP LRI DR 8 2 0 T A X/ 2 (8 R R R
AR 5 1R A 25 R 5T T b JB ) BIF 5 R X D
A8 1S 38 A7y ol U A A L B9 e AR A
LI 25 00 T8 A5 T i AT R A o A DLk —
A M) Pl DA A £ A R B8 A R D /N R
58 Mk 55 .

1 #MBEF &

1.1 RKIEH R

AR 39 4y, 4G 38 4y i [ A k{4
A e PO A4 A4 OE R Hh [ AR ORF BRD | JHG v ke O 44 44
B39 N1A-TIB.NIA-T1D,N1B-T1A N1B-T1D,
NID-TIA,NID-T1B, N2A-T2B, N2B-T2A, N2D-T2B,
N3A-T3B,N3A-T3D, N3B-T3A, N3B-T3D, N3D-T3A,
N3D-T3B, N4A-T4B, NAA-T4D, N4B-T4A . NAD-T4B,
N5A-T5B, N5A-T5D, N5SD-T5A, N5D-T5B, N6 A-T6B,
N6A-T6D, N6B-T6A, N6D-T6A , N6D-T6B, N7A-T7B,
N7A-T7D,N7B-T7A, N7B-T7D, N7D-T7A, N7D-T7B,
A AR H P b A PRRR B R 2 A 2 B /N A2 AR T

KEH G RFOCHA 50 = 24,
1.2 AHi&
1.2.1 DNA ##2 R % PCR ¥ 3

e U A A Ak A X B 3 P 4 DNAL 482 BUR
W CTAB ., PCR R WAK R 25 pl:1.5 pl
DNA (50 ng) iz, Mix (% Taq f§)12. 5 pL G
UEE A B A BR 2\ L AR RS (1o
mmol « L") 4 1 pL (£ 1),ddH,O %M = 25
pl, PCR W FEF M :95 CHIZEYE 3 min; 95 °C
15 5,55 ~ 60 CiH & 30 5,72 C 1 min, 35 &
B572 CHEAH Smin. 4 CIEAF. I 1% BB
B WEAT A% BR A I . FH Bio-rad (A1 4K » 38 ) %k %
BRSO EE 10 % ER .
1.2.2 MHAHEERZEHEKRAE

S HT 2021 AEFI 2022 4EH 10 F E A K BIE
A DU R R BT B P A 2 VU AL AR MR K
R XNEF MR H . A EHER 4 17,47
K 1.5 m. 478 25 em, Bk 3. 3 cm, A R IT,
VR i A o e A At P i) A L) 9 224 MK P A
FEHEAT . 43N 2022 AFE RN 2023 4R 5 AR A)L B
ASPERFBEHLIZE B 5 B X RE S B o BERL  RURL
B/ NEE SR A 2R AT I A R 2R G
SHE SO Tk

F1 FEEEMSY

Table 1 Primers used for chromosomal localization
KR BMAK o fa fh I F % Sequence of primer(5'—3") S22
No. Primer Chromosome 1 Forward [ Reserve Reference
1 Xgwm136 1A GACAGCACCTTGCCCTTTG CATCGGCAACATGCTCATC [4]
2 Xwmcl56 1B GCCTCTAGGGAGAAAACTAACA TCAAGATCATATCCTCCCCAAC [4]
3 Xwmec339 1D CCGCTCGCCTTCTTCCAG TCCGGAACATGCCGATAC [4]
4 Xgwmb552 2A AAAAATCTCACGAGTCGGGC CCCGAGCAGGAGCTACAAA [4]
5 Xwme361 2B AATGAAGATGCAAATCGACGGC ATTCTCGCACTGAAAACAGGGG [4]
6 CER1 2D ATCCATTACCATGGCAACACGGCC TCAAGCTTTTGACAGAGGAGTGAA [14]
7 FBA1 3A CCTAGTGCGTGCCTTGAGA CGGAGAGGAACTGCGGAAT [15]
8 FBA2 3B ATCCTCGTAGCTCCGCCTA TCATCGTCGCCTCCAGTTC [15]
9 FBA3 3D GTTTGTTTAGTTTGGGTTGG AAGACCATACCATGATTCCA [15]
10 FBA4 4A AACGGTTCATCAGCCAAG ACCAACAACGACCTTCAG [15]
11 FBA5S 4B CGTCTGCTGCTCTCCTCAA CTCCGTCCATCTCTTCCATCA [15]
12 FBA6 4D GGAGAAGTCACATACACCAT AGGATGAGGAAGAGCAAGA [15]
13 FBA7 5A GCCGCAGGTGATGATGTCA GAGACGAACCAACAAACGCA [15]
14 FBAS 5B GGCAACCAGAGAAGGAAG ATGGCACAGTCCAGTAGA [15]
15 FBA9 5D CTGGAGTGAAGAAAGTACAATC CGGACACAAGATATGAGAAC [15]
16 Xbarc3 6A TTCCCTGTGTCTTTCTAAT GCGAACTCCCGAACATTT [4]
17 Xgwmb508 6B GTTATAGTAGCATATAATG GTGCTGCCATGATATTT [4]
18 Xcfd188 6D AATGGCTTCACTGTTTGCCT AAATGGTCCCAGCATTCAAG [4]
19 FBA19 TA CGTCTCCATTCTTCTGCCATC CTAAGCCATCCACTGTTCCATC [15]
20 FBA20 7B GTGGACCGAACTTGAGACTTG GTGACGAGATGCTTGCTGAG [15]
21 Xwmc824 7D CCGATGAACTTAAAAGTACC CATGGATTGACACGATTGGC [4]
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and N7D-T7B were nulli-tetrasomic materials of Chinese Spring; M. Marker.
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Identification of Chinese Spring nulli-tetrasomic materials using molecular markers



* 466 -

I (7]

2 45 %

2.2 BRPUEKINEREMHRDW
2.2.1 EZRLZMERGEE 5

PS5 (R 2) WoR L BR AT BERUAL B 4y B Y
PR R B /N BB BRI 50 L A e TR 5 %) B £
e 22 5% (P <C0.05), N7D-T7A A/ &
F T AR IO B 2E . 7EFORI B 1, N2A-
T2B.N6B-T6A ¢ & 3% ¥ T X ft (P <<0. 01),

N3B-T3D, N3D-T3A, NAA-T4B ¥ i & it T %}
ML N2A-T2B (1% Bk B e K, F (U AT 8
¥, NAB-T4A Fl N7D-T7A Wkk &S B ¥ 5 T
XF B T N6D-T6B 114 bk &5 i 3 (% T X i, N4A-
TAB.N7A-T7B i f# K ) & 2 K T X i, N1D-
T1A, N2B-T2A., N4D-T4B, N6B-T6A, N6D-T6A F
N7D-T7B R 34 i R T X A

FR2 BOEMBAPEENRZERRA
Table 2 Performance of agronomic traits of nulli-tetrasomic materials and Chinese Spring
Material Spikelet number § per spike Tiller number Plant height/cm Spike length/cm
71 [# % Chinese Spring 18.50+£0. 24 41.5046. 84 9.00=£0. 00 125.75+£1.77 7.9541.02
NI1A-T1B 18.20+1.70 37.134+7.80 8.67+1.89 116.7740. 62 7.65+0.92
N1A-T1D 17.80+0. 28 44,2349.29 7.3440.94 119. 42410. 49 8.02+1.39
NIB-T1A 18.83+0. 24 29.3348.96 8.3440.47 128.67£5.66 8.3740.52
NI1B-T1D 19.33+1.41 38.3342.83 6.67+2.35 122.34+6.13 7.8041. 46
NI1D-T1A 14.83+3.54 29.50+3.06 6.34+3.30 121.3449.43 6.15+1.67"
NI1D-T1B 16.83+0. 24 28.5748.49 6.67+1.89 121.67+3. 30 7.4740.75
N2A-T2B 16.93+0. 38 8.77+3.12" 6.67+1.89 113.45+8. 80 7.1140. 16
N2B-T2A 17.00+£2. 83 27.1747.98 7.66+1.89 128.00+2. 83 5.9540. 64"
N2B-T2D 16.50+£2.12 28.3344.24 10.17+£2. 60 135.25+6.72 6.9240.12
N2D-T2A 20.174+1.18 28.1740.71 7.67+1.41 134, 1744, 48 6.9241.06
Nz2D-T2B 16.50+0.71 34.8346.85 7.8340.23 110.75£5.77 6.9440. 37
N3A-T3B 18.50+1. 65 36.67+7.54 6.34+0.94 130.4247.66 6.7240. 64
N3A-T3D 22.33+2.36 26.3343.77 6.00+1.89 115.92+8.13 7.4440. 33
N3B-T3A 15.67+3. 30 29.1744.85 7.00+2. 36 119. 6742. 35 7.10+0. 14
N3B-T3D 16.5740. 80 22.37+5.37" 9.00£0.47 112.82+2.10 7.42+£0. 36
N3D-T3A 17.13+£2.07 20.0343.35" 7.17+1.18 118.97+9. 00 7.45740.16
N3D-T3B 19.23+0. 80 44,504+10. 61 9.00+1.41 116.244+0. 62 7.55+0.07
N4A-T4B 16.33+1.41 18.50+4. 48" 9.00+£1.41 115.50+12. 49 5.4240.35" "
N4A-T4D 18.83+£1.65 37.8344.01 8.50£0. 24 130.00£0. 95 8.1440. 65
N4B-T4A 20.1744.95 35.5047.31 7.17+1.65 145.00+8.02" 7.6540.03
N4D-T4B 18.85+3.04 27.9849. 40 7.84+1.65 132.7043. 82 6.124+1.01"
N5A-T5B 15.00+. 047 24.83+2.12 8.00+1.41 132.25+7.18 7.5340.19
N5A-T5D 15.33+0. 94 26.8343.06 8.1743.06 123.50£8. 24 8.0840.12
N5B-T5A 18.33+£1.41 30.5044. 48 7.67+1.89 123.50416.73 7.0240.92
N5B-T5D 16.83+1.65 37.1743.06 6.50+2.12 132.5040. 24 6.7340.09
N5D-T5A 19.33=£0. 00 41.33%6.50 7.847+1.65 128.6745.18 7.0840. 35
N5D-T5B 18.83+0.24 28.1743.54 10.00+1. 41 131.25+8.13 7.0041. 41
N6A-T6B 18.17+1.18 41.83+4.01 8.17+3.53 121.67+6. 60 7.0841.53
N6A-T6D 18.33+£1.41 40.8340. 24 9.3440.47 130. 004, 24 9.4241.29
N6B-T6A 19.13+4.07 16.25+5. 67" 9.00+1.41 116.17+18. 62 6.15+1.20"
N6D-T6A 18.33+1.41 43.83+1.18 10.50+14. 83 117.8346. 36 5.7240.07"
N6D-T6B 18.25+3.89 31.2146. 31 6.00+1.41 105.424+11. 19" 7.2140.06
N7A-T7B 16. 0040, 47 34,0045, 42 10.00+1. 88 119.504+8. 24 5.70+0.67* "
N7A-T7D 18.33+3.30 37.3344. 84 7.83+2.12 126.0048. 49 9.3040.99
N7B-T7A 20.1742.59 34.0040. 47 9.00=£0. 00 122.67=+0. 00 8.0840. 35
N7B-T7D 21.3344.24 41.8344.48 8.67+4,24 116.92410. 93 8.42+0.83
N7D-T7A 24,174+1.18" 42.67+4.24 8.67+1.14 142.584+1.77" 8.75+1.53
N7D-T7B 17.17+1.65 34.1749. 66 8.17+2.12 127.75+5. 06 5.8340.47"
* ;P<C0.05; * % ;P<C0.01, K[,

* . P<C0.05; % % . P<C0.01. The same in tables 4 and 8.
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3 3 X /INES BRI S BE R R R R
IR A AR S AT AT AR (R D RIS R
RS R R BGEE R 6. 86%0~25.81% .28 57
BR ., AR5 RBON K BN IR R BERLEL 53 BERL
B NEEEL L PR . L B RO B R B R
(25.81%) EALILIE A 8. 77~44. 50 4~ s Bk 1 28 5+
FE /N 6. 86 %), AEAE F S 105, 42~145. 00
em, 3K BT YL (8 44 Y i G R T X 2 i A 2
PERFE MK,
2.3 BRI/ ERFRRE DT
2.3.1 HEIZEAHN

JIT A B R O A A Rt 5 v ] R A R R 5 R
KERAERFELER GO, SHBAEEML.
N3B-T3D,N3D-T3A N3D-T3B,N6A-T6B Hl N6B-
T6A B K K7 1 AR 34 5 35 1 s N1B-T1A ., N1B-
T1D, N3B-T3A. N3B-T3D, N3D-T3A., N3D-
T3B, N4A-T4D, N4B-T4A, N6A-T6B, N6A-
T6D.N6B-T6A,N6D-T6A Fl N7TA-T7D f ¥ ki
v B ¥ W o, b N3B-T3A. N3B-T3D,
N3D-T3B.N6A-T6B Fll N6B-T6A ik | # & 2 /K
-5 N1B-T1IA.NIB-T1D,N3A-T3D,N4A-T4B,
N4A-T4D, N5B-T5A, N5B-T5D, N6A-T6D,
N7A-T7B #l N7A-T7D () ¥ ki K 56 o ¥ H% 5 3%
[ ik, NID-T1A., N3A-T3B, N3B-T3A, N3B-
T3D, N3D-T3B. N4B-T4A, N4D-T4B, N5D-
T5A. N5D-T5B, N6A-T6D, N6B-T6A, N6D-
T6A N7B-T7D Hl N7D-T7B ¥ 8 A% N2A-
T2B () Tk 8 W &K F X, B 29,18 g, Hifth
S DO AR R B TR A R R B AR AR
2.3.2 BEIZARTF

S8 0 TR N OSSN E Tl W i TA R N )
AR RZBIEE N 3.33% ~6.41% R RZBNK
BT AN U /SR S AT S A SO0 B A A 1A N

R (3% 5) . Hop, TRLE M4 5 R R K
(9.13%) . A8 AL VG Bl 29, 14~41.39 g, AKK
AR5t R R /N (3. 33%0) S AEARTE R 15. 32~17. 46
em. BVATITF L e AR 1 B2 A0 5 %t /N 22 kL
PR 9 52 e A K
2.4 ERPOE/NEFFRIE S SRR
2.4.1 @EH SR

HE6ATLLEN, PEEMHER S & T
FOHh 16,3700 22 D ERIIARHE & B & T
Xf BEL I N2A-T2B AR AR 13 o de e (19. 19700
N3B-T3A ME & it HmR(13. 80%0) . H EH M
T 5 2 B oh 34, 0294 . 4T 22 A Bl DU A (5% T AR w8 T
BRI N2A-T2B 14 18 1 7 2 it i = (0. 56%0)
N3B-T3A 1% 1 i & it R AR (27. 96 %0) . FEEF
FIBERY S il 6590, 16 NMBRPUMAY SR & b T
Xf B, e N3B-T3A 1 JE By 7 f fiw 5 (66. 6920
N2A-T2B B ¥R & 2 Jm MR (62. 3420) . TEEFER
UUREE D 81. 09 mL, 54 & (1 FNS | & & —
BELAT 22 A B DU K B D0 R T O BR L Hp
N2A-T2B B UL fe 5 (105. 26 mL) ,N3B-T3A
BT AR (57, 74 mL) . XF B K 43 & et 7E
FrA #E R R R K (11,59 %) . N2A-T2B MK 50 &%
AR (10, 40 %6) o AH 2 Fir A7 (1% Bl DO 44 B4 6} 55 5%
FEF) KL R 3 T R LUK K A
HAEA FRL R EER,
2.4.2 EHSRERGEA LT F

TR PR AR ) e RS S A BT R B (R T, A R
ZBIEH R 1. 45% ~13. 32% W KRB /MK IR K
DUREAR R0 T 7 ML B & 2K SR
. DR AR 5 R AR K (13, 3200) , ARk
Bl oA 57. 74~105. 26 mL; JEM & AU S5 R B
/N1 A5 %) s AR A I L Ry 62. 3490 ~66. 692
XU A A [) e € R il O RN o B2 25 5 UL %2 5
M) 5 A, B % B 32 5 T B /N S B

R3 BREEHBREERHESR

Table 3 Variation of agronomic traits of nulli-tetrasomic materials

PEAR Trait % KM Maximum  f%/MBA Minimum SEH Average W2 SD MREAB CV/%
/N
Spikelet number per spike 24,17 14. 83 18.16 1.91 10. 67
N 44,50 8.77 32.34 8.35 25.81
Grain number per spike
P
PHEH 10. 50 6. 00 8. 04 1.18 14. 67
Tiller number
¥k Plant height/cm 145. 00 105. 42 123.92 8. 50 6. 86
K Spike length/cm 9.42 5.42 7.26 0.95 13.12
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Table 4 Performance in grain traits of nulli-tetrasomic materials and Chinese Spring
Rk i 1 EIS Hk KA I3 TR
Material Grain area/mm? Perimeter/mm Grain l(;ram Lengthi 1 OQOfgra1n
length/mm width/mm width ratio weight/g
H1[# 4 Chinese Spring  13.8841.56 17.46+£1.78 6.04=+0. 04 2.99+0. 22 2.03740. 14 37.4541. 80
N1A-T1B 15.74+1. 21 16.80+0. 85 6.334+0.49 3.204+0.02 1.9840.17 33.1143. 30
NI1A-T1D 12.82+0.70 16.13+1.43 5.734+0.16 2.9340.22 1.9740. 21 32.0844. 89
NIB-T1A 15.04+1. 00 16.53+1.22 5.932£0.29 3.2740.04" 1.824+0.07* " 39.60+1.90
N1B-T1D 15.14+£1.71 16.50+1. 64 5.8940. 33 3.32+0. 14" 1.7840.02** 37.4544.07
NID-T1A 14.17+1.09 15.76+0. 95 5.8440.19 3.17+0. 14 1.8540.02" 31.5844.19
N1D-T1B 13.38%+0. 95 15.81+1.23 5.82+0.28 2.96+0.08 1.97+0.03 30.0642. 28
N2A-T2B 13.3540.75 15.7540. 26 5.7940.11 2.9740.11 1.9640. 04 29.18+3.01"
N2B-T2A 14.49+1.99 16.60+1. 90 6.18+0. 44 3.054+0.25 2.03+0.02 35.3646.79
N2B-T2D 14.78+2.01 16.76+£1.73 6.2740.47 3.06+0. 25 2.06+0.02 34, 7846.96
N2D-T2A 14.17+1. 14 16.48+1.12 6.174+0.23 2.97+0.17 2.08+0.05 33.8745.28
N2D-T2B 15.66+1.61 17.23+1.61 6.2040. 43 3.244+0.12 1.9240. 06 37.0345.90
N3A-T3B 13.98+1. 20 15.94+1. 40 5.78+0. 31 3.13£0.13 1.85+0.02" 33.4943.94
N3A-T3D 13.58+0.18 15.32+0.13 5.61+0.06 3.14+0.01 1.7940.02" " 30.0140.95
N3B-T3A 15.95+1.59 16.87+1.42 6.2040. 46 3.33£0.11" " 1.86+0.08" 39.66+3. 20
N3B-T3D 16.31+1.02" 17.31+£0.58 6.2440.07 3.334+0.30" " 1.8840.00" 40.9740. 83
N3D-T3A 16.18+1.55" 17.27+0.92 6.3040. 20 3.29+0.21" 1.9340.06 39.4645.57
N3D-T3B 16.31+1.02" 17.26+0.73 6.214+0.23 3.35£0.04" " 1.86+0. 04" 39.6043.05
N4A-T4B 14.62+0. 93 16.07+0. 21 5.824+0.75 3.244+0.18 1.8140.07" " 34.8943.09
N4A-T4D 15.48+1.88 16.48+1.37 5.93+0.48 3.32+£0.14" 1.7940.06" " 38.33+6.52
N4B-T4A 15.84=+1.09 16.86+0. 80 6.15+0.27 3.32+0.10" 1.86+£0.03" 39.8541. 46
N4D-T4B 14.00+£0. 59 15.95+0.59 5.7940.13 3.1440.07 1.854+0.00" 33.2340.21
N5A-T5B 14.59+1. 31 16.47+0. 25 6.08+0.13 3.114+0.18 1.9640.07 33.2146. 26
N5A-T5D 14.09-+0. 80 16.04+0. 06 5.854+0. 16 3.114+0. 22 1.9040. 18 32.4146.07
N5B-T5A 14.59+0. 57 16.09+0. 58 5.80+0.09 3.234+0. 40 1.8040.01"* " 33.304+1. 20
N5B-T5D 14.26+0. 17 15.98+0. 36 5.704+0.07 3.19+0. 10 1.7940.08" * 33.00+1.70
N5D-T5A 14.99+0. 10 16.93+0. 83 6.05+0.10 3.24+0.03 1.87+0.02" 38.7442.66
N5D-T5B 14.44+0. 68 17.42+0.76 5.95+0.19 3.204+0.09 1.8740.00" 38.6640. 28
N6A-T6B 16.61+0.86" 17.35+1.21 6.3940.25 3.384+0.05"" 1.8940.05 41.3942.59
N6A-T6D 14.48+0. 36 16.23=+0.59 5.7940. 20 3.24+0.06" 1.7940.09* 35.25+1.69
N6B-T6 A 16.58+0.07" 16.79+0. 08 6.17+0. 06 3.41+£0.04" 1.82+0. 04" 36.9447.38
N6D-T6A 15.81+1.01 16.91+1.05 6.14+0.25 3.31+0.08" 1.8640.03" 39.08+3.13
N6D-T6B 14.11+1.18 16.02+0.75 5.95+0.22 3.074+0.15 1.94+0.03 33.0043. 85
N7A-T7B 14.22+0.58 16.29+1. 14 5.75%+0. 25 3.19+0. 15 1.814+0.07" " 33.9841.96
N7A-T7D 14.76+0. 16 16.30£0. 56 5.8340. 14 3.27+0.12" 1.7940. 11" 36.66+0.40
N7B-T7A 13.95+0. 13 16.24+0.72 5.9940.13 3.0440.02 1.9840.06 32.3340.04
N7B-T7D 13.95+1. 11 15.84+0. 87 5.774+0. 31 3.154+0.05 1.8440.07* 33.4043.48
N7D-T7A 15.42+1.12 17.21+1.51 6.33+0.33 3.154+0. 10 2.01+0.04 35.6542.67
N7D-T7B 14.92+0. 98 16.70+1.41 5.9440. 38 3.23£0.00 1.8440.12" 35.3843.66
#5 BRMIGRR R E BRI
Table 5§ Variations in grain traits of the nulli-tetrasomic materials
PR Trait it KA Maximum  f/ME Minimum T Average b2 SD BRRBCV/%
Ifi B! Grain area/mm? 16. 61 12. 82 14.79 0.95 6.41
JA & Perimeter/mm 17.46 15. 32 16.51 0.55 3.33
%i & Grain length/mm 6.39 5.61 5.99 0.21 3.46
K58 Grain width/mm 3.41 2.93 3.19 0.13 3.92
£ 55 It Length-width ratio 2.08 1.78 1. 89 0.08 4,43
T-HLE 1 000-grain weight/g 41. 39 29. 14 35.47 3. 20 9.13
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Table 6 Performance of flour quality traits of the nulli-tetrasomic materials and Chinese Spring

iR itk dSRa Ty T T 7 £ VE R i UUREAE K4y
Material Protein content/ % Wet gluten content/% Starch content/ % Zeleny/ml. Moisture content/ %
71 [E # Chinese Spring 16.37+3. 80 34.0248.92 65.0042.93 81.09415, 22 11.59+0. 64
NI1A-T1B 16.61+0.08 34.50£0. 25 65.2840.61 82.4940.01 10.93+0. 34
NI1A-T1D 17.06=+0. 45 35.5541.01 64.4140.94 87.7244.60 10.88+0.01
NIB-T1A 16.63+0. 96 34,5742.23 64.3940. 27 83.0747.58 10.41+£0. 25
NI1B-T1D 15.77+0. 66 32.56+1.57 65.1240. 24 76.5845.42 10.91+£0. 04
N1D-T1A 16.45+1.77 34.13+4.11 64.94=+1.69 82.76+14.69 10.89+0. 43
N1D-T1B 17.60+1. 46 36.80+3.39 64.2641.41 90. 65410, 91 10.83+0. 21
N2A-T2B 19.19+1. 60 40.56+3. 84 62.3441.30 105. 26+15. 16 10.40+1.13
N2B-T2A 17.04+0. 39 35.5740.83 64.3440.96 88.0144.09 10.56+0.18
N2B-T2D 16.65+1.01 34,6142, 34 64.7341. 34 83.2548. 24 10.67+0.19
N2D-T2A 17.53+1.66 36.7043. 84 63.8841.92 91.47414.50 10.50+£0. 22
N2D-T2B 16.10+0. 95 33.384+2.23 64.97+1. 44 79.2148.20 10. 64+0. 06
N3A-T3B 16.54+0.19 34,3840.42 64.6440.70 82.60+1. 26 10.88+0.01
N3A-T3D 18.05+1.18 37.8542.72 64.8641.41 93.4749.73 10.92+0. 22
N3B-T3A 13.80+1.29 27.9642.89 66.6941.51 57.7448.29 10. 96+0. 06
N3B-T3D 17.14+0. 25 35.7240.63 64,2740, 24 87.9542.78 10.57+0. 21
N3D-T3A 18.96+0. 23 40.0140. 46 62.8640. 83 104.08+1.13 10.47+0. 20
N3D-T3B 15.89+0. 26 32.90+0. 56 65.4240. 54 77.25+2.34 11.21+0.06
N4A-T4B 18.68+0. 85 39.38+1.58 63.884+0.56 100. 22+7.50 10.71+£0. 02
N4A-T4D 18.40+1. 88 38.70+1.92 63.8240.78 97.5044.91 10.51+0. 13
N4B-T4A 14.81+2.63 30.3644. 35 66.274+1.73 68.9348.01 10.88+0. 12
N4D-T4B 15.15+2.63 31.1246.06 66.2042.12 69.44410.01 10.95+0. 40
N5A-T5B 16.63+3.66 34,.6348.51 64.9942.98 83.87414. 31 10.73+£0. 27
N5A-T5D 15.22+3.32 31.284+7.69 65.95+2.70 72.80413.17 10.85+0. 32
N5B-T5A 15.34+3.25 31.62+7.50 65.43+2.31 74.86+12. 48 10.78+0. 08
N5B-T5D 15.05+4. 62 30.92410. 67 66.11+2.88 71.41417. 27 11.11+£0. 16
N5D-T5A 16.56+1.90 34.4244.43 64.7341.85 82.0948.53 10.89+0. 24
N5D-T5B 16.48+4. 36 34.25410. 10 64.6542. 96 81.32416. 69 10.81+0.01
N6A-T6B 14.16+0. 59 28.8441.36 66.2240. 85 62.4342.92 10.75+0. 34
N6A-T6D 16.98+0. 76 35.39+1.73 64.54+1.12 85.1345.83 10.57+0.07
N6B-T6A 18.98+1.01 40.03+2. 34 62.77+1.12 102.49+7.88 10.91+0. 39
N6D-T6A 15.25+0. 66 31.3441.52 65.13+1.45 72.7146.69 11.25+0.09
N6D-T6B 15.47+1.51 31.9043.51 65.0942. 11 75.57412.99 10.88+0. 14
N7A-T7B 18.38+0. 23 38. 644,055 63.9140. 16 96.1042. 41 10. 74+0. 01
N7A-T7D 17.35%+0. 05 36.2740.09 64.6240.39 87.5540.01 10.78+0. 31
N7B-T7A 15.75+0. 36 32.4241.03 65.1140. 21 74.5946. 42 10.79+0. 30
N7B-T7D 15.12+0. 06 31.0440.08 65.6440.48 70.92+1.70 10.73+0. 30
N7D-T7A 15.55+0. 88 32.0442.02 65.4240.75 75.5546.58 11.22+0.07
N7D-T7B 15.20+0. 58 31.2341.38 65.6140.16 73.16+4.01 10.94+0. 64

R7 BREGEHBRERNEREA

Table 7 Variations of flour quality traits of the nulli-tetrasomic materials

PR Trait fx KM Maximum  H/ME Minimum S Average FrifE22 SD SRR CV/%
ML 19 & i Protein content/ % 19.19 13. 80 16.51 1.33 8.08
¥ 1 Al 5 Wet gluten content/ % 40. 56 27.96 34. 30 3.11 9.06
PERY | Starch content/ % 66. 69 62. 34 64. 85 0.94 1.45
YL Zeleny/mL 105. 26 57.74 82. 39 10. 97 13.32

7K 43 = Moisture content/ % 11.59 10. 40 10. 82 0.24 2.22




« 470 - # K F W

EE 14 545 &

mEZHUEﬂi%—ﬁ%ﬁ%ﬂm%Hﬂ

FERLER 8 I I 5 e TR L DR b A
4Mﬂﬁﬁmﬂmaiﬁﬁ BN, A — R R
AL S AR AL A 15, 7706 ~17.60 04,

b 6 A IR IR A () 22 f Y R 13, 8096 ~19. 19 %,
S5 — [A) VR R 1) 38 T A7 % o AR AR R Ry 32,56 96 ~
%8w&Am6Aﬂﬁﬁmﬁm@@ﬁZ7%/~
40.56 %, 55 — [R] VR A A0 JE M S AR LS B A
64. 26 % ~65. 28 % . HiAh 6 A4~ R JERE A AR 1L TE BB R

20.00
19.00

19.19

HEOHE

Protein content/%

62.34% ~66.69% . 5 — [m] B TR E
il ok 76.58~90. 65 mL, Hiftl 6 4[] J5 19 28 1k
J R 57.74~105. 26 mL, {H%5— [&] 5 8 14 K
Sy AR ARV R L H A 6 AN RIRBE L N 10, 41 % ~
11,59 % , Hofth 6 /4[] Y5 R i) A8 Ak B Ry 10. 4096~
11.25% ., H U8 WA REE 5 MR A ML 2R 1 7 1
VT A O VE R i UCRE AR R AR B S —
[F] P58 € A5 VDA O

N1B-T1A
NI1B-TID
N2B-T2A
N2B-T2D

m
o
I
=)
o
4

Chinese spring nulli-tetrasome
40.01 5940

N1A-TID
NID-T1A
N2D-T2A
N2D-T2B

iy
H

34.61

BHEHEE

Wet gluten content/%

N5A-T5D
N5B-T5A
N5B-TSD
N5D-T5A
N5D-T5B
N6A-T6B
N6A-T6D
N7A-T7D
N7B-T7A
N7B-T7D
N7D-T7A
N7D-T7B

28

N2B-T2A

NI1A-TIB|
NIA-TID|
NIB-T1A
NI1B-TID |
NID-T1A |
NID-TIB|
N2A-T2B|
N2B-T2D
N2D-T2A |
N2D-T2B |
N3A-T3B|
N3A-T3D |

+
H
o
&
Q

JEM & & Starch content/%

6627 6620 6595 66.11

@
w
&

N4D-T4B F
N5A-TSB F
N5A-TSD |
N5B-T5A }
N5B-T5D |
N5D-T5A F
N6A-T6B
N6A-T6D [
N6B-T6A |
N6D-T6A F
N6D-T6B F

a
%)
-4

hinese spring nulli-tetrasome

66.22

N1B-T1A |
N1B-T1D |

aQ

104.08

LHEME Zeleny/mL

o
=~
~3

N5SA-TSB |
5B-T5D |
NSD-T5A |
N6B-T6A |
N6D-T6A | 3
N6D-T6B |
N7B-TD |

" N4B-T4A |
N4D-T4B |
N5D-T5B
N6A-T6B |
N6A-T6D |
N7A-T7B
N7A-T7D |
N7B-T7A |
N7D-T7A |
N7D-T7B -

hinese spring nulli-tetrasome

10022

68.05 o4 7% ® 7141

6243

N3D-T3A [ *

NIA-TIB |
NIA-TID |
NIB-TIA |
NIB-TID }.
NID-T1A |
NID-TIB |
N2A-T2B |
N2B-T2A |
N2B-T2D }

 N2D-T2A |

% N3A-T3B |
N3B-T3A |
N3B-T3D | :
N3D-T3B |
N4A-T4B |

H N2D-T2B |
bl
b=l
>
Q

K& & Moisture/%

N4A-T4D |
N4D-T4B |
N5A-T5B

N4B-T4A F

hinese spring nulll-tetrasome

Spring

N1A-T1B

N1A-TID

N1B-T1A

NI1B-TID ]

<R RdA<<AAQo<NAAdAB A< <RRAOC <A
LRSS E L L LU
Qe amA A <mmQ A < mA <mmAQ < /M a <mg (=)
EEEELEEEEENEREEEER IR R R

rh @ & 5 P0{& Chinese spring nulli-tetrasome
Bl 2 fRAR-E A R0 B B F B AF R R IR R

Fig.2 Performance of grain quality traits of the nulli-tetrasomic materials and Chinese Spring
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Table 8 Performance of dough quality traits of the nulli-tetrasomic materials and Chinese Spring

o 0 K % Dﬁﬁﬁliﬂﬂ‘ fi] . %E'tﬂi H?“tlﬂ Wﬁ'ﬁ ﬁ:Jﬁ )rfgﬁﬁﬁﬁ ’iﬁ#ﬁ’ﬁ&
Materizl Absorption/ %4 time/min time/min dope/FU  quality index/mm
1 [ % Chinese Spring 63.8818.63 1.77£0.16 1.80=£0.57 134.95428. 28 38.8547.00
N1A-T1B 65.124+1.04 2.624+0.81 4,9041.41" 122.45459. 56 49.25+15.05
N1A-T1D 64.5742.59 5.8941.52* " 7.40+£1.29" " 92.46454.22 58.6047.70
N1B-T1A 63.9941. 27 0.85%0.17 0.500. 14 262.40£17.67 5.1542.57
N1B-T1D 64.6021.00 1.89=0.05 2.7540.63 179.93445. 89 35.95111. 84
NI1D-T1A 64.69+3.57 3.51+1.53" 6.1041.40" " 89.97+21.21 56.85+£0. 92
N1D-T1B 66.0713.61 1.13£0.04 0.90+0. 28 187.43447.42 25.65+11.69
N2A-T2B 67.8243.20 1.444£0.44 1.30£0.71 219.92+42.82 21.4549.59
N2B-T2A 63.8845.55 1.502£0. 04 1.552£0. 64 152. 44430. 08 33.9047.71
N2B-T2D 64.7444. 46 1.40£1.41 1.4540.78 187.43444. 35 26.15410. 43
N2D-T2A 65.464+4.19 1.58=£0.06 1.75£0.78 144.95442. 82 37.05410.72
Nz2D-T2B 64.3740.93 1.332£0.49 1.35%0.78 187.43465.77 29.35415.63
N3A-T3B 61.92+2.33 1.28%0.28 1.1520.49 192. 43444. 35 23.954210. 00
N3A-T3D 66.58+£0.76 1.27+0.19 1.15+0. 64 209.92+45. 88 23.25+12.24
N3B-T3A 62.834+3.59 1.14%£0.05 1.05+0. 21 167.44448. 42 29.3549.02
N3B-T3D 66.1542. 32 1.56£0.04 1.75£0.78 174.93442.82 32.45410. 44
N3D-T3A 68.6712.67 1.312£0. 20 1.1520. 64 199.92449. 95 22.65412.53
N3D-T3B 62.11+£2. 36 1.172£0. 26 1.90=£0. 41 187.43462. 69 31.75415.91
N4A-T4B 69.4840. 68 1.26£0.18 1.35£0.78 179.93448. 95 28.40412.31
N4A-T4D 69.0843. 81 1.35%0.14 1.30=£0. 85 177.43440. 29 26.10410.78
N4B-T4A 62.78+£3.89 1.28=%0. 21 1.20=£0.57 172. 43440. 29 30.25%9. 46
N4D-T4B 61.83+£3.85 1.19+0.12 1.45+0.78 204.92+60. 16 25.30+13.73
N5A-T5B 63.184+7.02 1.17£0.02 0.95+0. 35 224.91+49.95 17.65411.98
N5A-T5D 62.1845.04 1.26=£0.30 1.05£0.49 229.91+49.95 16.60411.49
N5B-T5A 68.9840.93 1.5320. 28 1.502£0.99 182.43447. 42 30.05112. 81
N5B-T5D 64.06+6.63 1.37+0. 14 1.35%0. 21 167. 44424. 74 32.6527.00
N5D-T5A 66.8412. 33 1.57%£0.23 1.35%0.78 172.44461. 69 31.55415.91
N5D-T5B 67.9847.00 1.50=£0. 11 1.102£0.42 189.93442. 81 26.4519. 60
N6A-T6B 63.08+2.26 1.34=0.23 1.152£0.35 172.43438. 21 30.1049. 39
N6A-T6D 65.27+1. 34 1.13+0.11 0.8540. 21 217.42+40. 28 18.30+10.21
N6B-T6A 66.57+1.51 1.20£0.14 1.10£0.57 224.91+49.95 19.85412. 10
N6D-T6A 61.9841.53 1.03%£0.03 0.85%0.07 222.41+£54.56 18.15411.42
N6D-T6B 61.6313.78 1.46=0.08 1.60=£0.57 182.43451. 49 29.70210. 65
N7A-T7B 68.92+2.38 1.28%£0.11 1.104£0.37 189. 93445, 89 25.50+11.76
N7A-T7D 66.4140.61 1.15+0. 24 0.8040. 28 197.43444. 35 22.45410. 84
N7B-T7A 63.8612.16 1.50=£0. 59 2.3040. 27 144.94448. 95 39.9549. 14
N7B-T7D 59.65+0.78 1.174+0. 16 1.2540.49 197.42458.63 26.70+12. 60
N7D-T7A 62.86+£3.01 1.39+0.06 1.45+0. 21 182.43426.01 30.40+8. 34
N7D-T7B 63.3940. 65 1.28%£0.35 1.40£0.71 184.93442. 82 29.1549.61
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Table 9 Variation of flour milling quality traits of the nulli-tetrasomic materials

PEAR Trait % K1 Maximum #%/MBE Minimum S Average FrifE2E SD AARRE CV/%
% 7K # Absorption/ % 69. 48 59. 65 64. 80 2.40 3.71
J W 8] Development time/min 5.89 0. 85 1.54 0. 83 54.08
Fa € B[] Stability time/min 7.40 0.5 1.70 1. 37 80. 56
3L Weakening slope 262. 40 89.97 182. 36 34. 30 18.81
BB it 58. 60 5.15 29.15 9.99 34. 27
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