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Table 1 Genetic variation of grain traits and quality traits in wheat CASLs population
FEIR Trait Ay 5K Parent CASLs ##{A& CASLs population
Year BLH /Ml Min % K[l Max 28 0% Range V-4 Mean 75 5 22 %{ Variable coefficient (%)
#if Grain length (mm) 2018 6.80 5.90 7.30 1.40 6.50 4.60
2019 6.70 5.90 7.50 1.50 6.60 4.80
1 Mean 6.75 5.90 7.38 1.47 6.55 4.70
k7% Grain width (mm) 2018 3.30 2.90 3.60 0.70 3.30 5.20
2019 3.20 2.80 3.70 0.90 3.20 6.80
#1{ Mean 3.25 2.86 3.66 0.81 3.25 6.00
T-ki @ 1000-grain weight (g) 2018 42.13 32.20 44.70 12.50 38.83 7.30
2019 41.39 29.05 42.74 13.69 38.11 7.40
Y{l Mean  41.76 30.63 43.72 13.10 38.47 7.35
5 4 J5i # H Protein content (%) 2018 13.53 12.24 18.55 6.31 13.89 8.30
2019 13.43 12.38 16.99 4.61 13.73 6.60
Yl Mean  13.48 12.31 17.77 5.46 13.81 7.45
YRR & & Wet gluten content (%) 2018 26.75 24.18 38.99 14.81 28.44 9.50
2019 27.45 24.20 35.87 11.67 28.04 7.40
I Mean  27.10 24.19 37.43 13.24 28.24 8.45
UUF{E Zeleny (mL) 2018 40.55 32.15 62.75 30.60 41.32 13.10
2019 40.99 32.43 51.65 19.22 40.63 9.90
#{ Mean  40.77 32.29 57.20 2491 40.98 11.50
YEH 4 i Starch content (%) 2018 58.42 53.11 60.72 7.61 58.23 2.20
2019 58.25 53.12 61.56 8.44 58.35 2.60
{ Mean  58.34 53.12 61.14 8.03 58.29 2.40
JK57& & Ash content (%) 2018 0.51 0.48 0.56 0.08 0.51 3.40
2019 0.52 0.49 0.59 0.10 0.53 3.40
Y{H Mean 0.52 0.49 0.58 0.09 0.52 3.40

/NR 2.80mm, SEIYAR T R ECH 6.00%, 4~ BLH
PR 58k 3.25mm, CASLs FEARLYE 2 4F 4548
FHXTF 367 BLH KT8 AR 10 E 4 FLan &l 1(b), B
ZIRLE 554 BLH TR 5SS .

2 1 AT, CASLs #f1A T ki 8 2 45 3 {H
AEIE R 29.05~44.74g, Horp TAL B4 R0 T
i (2018 4F ) {H I K0 44.74g, TBL B ik R 1Y
THIE (2019 4F) {HiR/NR 29.05g, P38 7 24
h 7.35%, A BLH BV TRiE Hhy 41.76g. HEl
1(c) AT, 2 4Bk TAL F1 3BL ‘84 3 (1) TR 5 AH X
FoEA BLH 840 HIsA B 255, HATE R M
T A BLH B R E, Hof 11 M EH R
(2AS. 5AS. 6AL, 7AS. 1BS. IBL. 4BS. 4BL.
5BL. 6BL Fll 7BL) 2 4F-p9 Tk 8534 g R TR A
BLH,

ZE LR, 2 4F 3AL B AR K B ER T
SEA, 4BS. 6BL il 7BL E i R Ak K3 B E KT
FAG XTRLTE, HEMAREGEAL T D EES,
AN E e R 2 4F A9 Tkr 2 g 2 Ik F 25 4% BLH,
PEULAED, FEYe R AL LRTRER /DA 1 N

il B A /N R B IE AL QTL v 5, ek
i 4BS. 6BL fll 7BL I Al fig & /D &A 1 A=k
K30 QTL 7 5 AT BEAAAE 2 /0 11 AN T-he
A QTL v i, 43l T 4 (R 2AS ., 5AS,
6AL. 7AS. 1BS. 1BL. 4BS. 4BL. 5BL. 6BL #il
7BL I,
212 E#HAZAZBAMEIKRG T F oM  CASLs BHAE
B34 5 AR AR R R 12.24%~18.55% (3R 1),
o 7BL B R E A S E (2018 48 ) fiemih
18.55%, 3AS E#t ZMYHE A& & (2018 4F ) f%
K H 12.24%, V3975 5 20k 7.45%, 74 BLH
B E Sl 13.48%, 2 4R 4 i R bk
AHXT TR BLH 2 1 i & 224 | 43 LR an [l 2(a),
CASLs A& 6 M. Z (6AL. 1BS. 2BS. 3BL,
7BS #1 7BL) 2 4F R H B S i W TR A
BLH; NEEEHR 2 AEMEA SRR ERT
£ BLH 8150 .

S 2810 T S B AR AR L Ry 24.18%~38.99%
(1), Hrp 7BL B4 R W21 A % & (2018 4F )
{E =k 38.99%, 1AL B4R MR % (2019
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O 2018

15~ (a) K Grain length

Percentage change
of grain length (%)

KKy 1

Percentage change
of grain width (%)

TR T3 b

TR HE AR E 43 L
Percentage change of
1000-grain weight (%)

TV FORBIMREERZMZEREE (P<0.05), HA

W 2019

40 L
1AS 1AL 2AS 3AS 3AL 4AL 5AS 6AS 6AL 7AS 7AL 1BS 1BL 2BS 2BL 3BS 3BL 4BS 4BL 5BS 5SBL 6BL 7BS 7BL
B ZR CASLs

"*" indicates significant difference between the CASLs and the parent at 0.05 level. The same below

1 /& CASLs BHEARFFHRIMER S RAHER

Fig.1 Differences in grain traits relative to parent in wheat CASLs population
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BP0 R T5EA BLH,
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B R 2 ARRTER A B IR A BLH,
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O 2018 W 2019
40 - (a) FEH i1 Protein content s

content (%)

EHRGRE
Percentage of protein

T A A i E A
content (%)

IR & 47 Percentage of wet gluten

Percentage of zeleny (%)

e EE S
Percentage of starch
content (%)

15+ () K4r & Ash content

WA mamLl
Percentage of ash
content (%)

oL
1AS 1AL 2AS 3AS 3AL 4AL 5AS 6AS 6AL 7AS 7AL 1BS 1BL 2BS 2BL 3BS 3BL 4BS 4BL 5BS 5BL 6BL 7BS 7BL
B % CASLs

B2 /& CASLs BEHmRMEREREANESR

Fig.2 Differences in quality traits relative to parent in wheat CASLs population

F R TEA BLH, 4AL il TAL B R 2 fFEMUIRE  nTRBARZESRH /N R PR S TR Y QTL fi i, &
{EH4 R KT 26A BLH; 7BL 2 4ERIE M T 298 4 6 AMEUEE B RIE R IERL QTLs i s, Zr5lE
FALFEA BLH; TBL2 AE W Ky & &3 3% W 6AL. 1BS. 2BS. 3BL. 7BS #l 7BL 4t (o (K |-,
TOEA BLH, HHAHEDN, 7EDL Bk s e @8 78 2BL, 7BS Fl 7BL YL fiff | 2/ DK1E1E 1 ME
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Table 2 Correlation analysis among major traits

2018 4F FIAIS LG T EHE SR W o VIRE ke KadE 20194F
In2018  Grain length Grain width 1000-grain weight Protein content Wet gluten content Zeleny Starch content Ash content  In 2019
ik 1 0.817 0.617 -0.27 -0.26° -0.15 0.27 -0.18 K
R 0.57" 1 0.43" -0.25 -0.25 -0.15 0.33" -0.20 BT
Thid 0.47" 0.41° 1 -0.48" -0.46" -0.39” 0.16 -0.28 Thid
AR ® 018 -0.38 -0.47" 1 0.96” 0.84" -0.68” 055"  mHEAE
Wi -0.15 -0.39° -0.55" 0.96" 1 0.87" -0.64” 0.56" IR S
LR -0.23" -0.12 -0.56" 0.88" 0.89” 1 -0.58" 0.45" UFEAE
TER it 0.20 0317 027 -0.77" -0.77" 0.66" 1 -0.65" i ey
ROy Tt -0.17 0.22 -0.33" 0.68" 0.67" 0.60" -0.63" 1 WAy Tt

e <70 T AR RIERIRTE 0.05 F10.01 A I 2 AH G

Note: """ and """ indicate significant correlation at 0.05 and 0.01 level, respectively

WA -0.63 F1 -0.65.
3 HE
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Analysis of Grain and Quality Traits of Chromosome Arm Substitution

Lines of Triticum dicoccoides in the Background of Triticum aestivum

Wang Zhongqiu, Ying Pengfei, Chen Mengtao, He Qiongying, Hu Xin

(School of Agriculture and Food Science, Zhejiang A & F University/Key Laboratory for Quality
Improvement of Agricultural Products of Zhejiang Province, Lin’an 311300, Zhejiang, China)

Abstract To excavate the excellent genetic resources of wild emmer, the wild emmer chromosome arm substitution
lines with the common wheat variety Bethlehem (BLH) as the genetic background was chosen. The yield related traits
(grain length, grain width and 1000-grain weight) and quality related traits (protein content, wet gluten content, zeleny,
starch content, and ash content) were investigated. The results showed that, the grain length of 3AL during two years
was significantly longer than that of the parent BLH, suggesting at least one positive QTL for grain length on the 3AL
chromosome arm of wild emmer. Similarly, at least three negative QTLs controlling grain length were located on 4BS,
6BL, and 7BL, respectively. At least 11 negative QTLs for 1000-grain weight were located on 2AS, 5AS, 6AL, 7AS,
1BS, 1BL, 4BS, 4BL, 5BL, 6BL and 7BL, respectively. At least six positive QTLs increasing protein content distributed
on 6AL, 1BS, 2BS, 3BL, 7BS and 7BL, respectively. At least three positive QTLs responsible for wet gluten content
were scattered at 2BL, 7BS and 7BL. At least three major QTLs controlling sedimentation value located at 4AL, 7AL
and 7BL. Negative QTL site controlling starch content positioned at 7BL. QTL for ash content of wheat grain was on
7BL. Correlation analysis showed negative correlation between grain weight and protein content, wet gluten content,
the zeleny and ash content, while the protein content was positively correlated with the wet gluten content, the zeleny,
and the ash content and negatively correlated with starch content. Results showed that CASLs group are rich in genetic
diversity, and each substitution lines only contains the chromosome arms corresponding to wild emmer, each of which
has different genetic characteristics, so it can comprehensively utilize the favorable traits of the substitution lines.

Key words Triticum dicoccoides; Chromosome arm substitution lines; Grain trait; Quality trait; Correlation analysis





