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FEREOBFBHNERTEI T ABKFAMETIRSGHAKERAA S FAACHYAFRRE
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Anqlysis of a New Weak-Gluten and High-Yield Wheat Line Yang 18465
Conferring Multiple Resistances Through Marker-Assisted Pyramiding Breeding

WAN Wentao, ZHAO Renhui, CHEN Tiantian, WANG Ling, WANG Zunjie, ZHANG Xiao,
ZHU Dongmei, ZHANG Xiaoxiang, ZHANG Boqiao, WU Hongya, ZHANG Yong,
GAO Derong, BIE Tongde

(Key Laboratory of Wheat Biology and Genetic Improvement in Low and Middle Yangtze River Valley Winter Wheat Region/

Jiangsu Lixiahe Institute of Agricultural Sciences, Yangzhou., Jiangsu 225007, China)

Abstract; The middle and lower reaches of Yangtze River is the largest production belt of weak-gluten
wheat in China. Due to the humid and rainy weather in the middle and late period of wheat growth,
Fusarium head blight(FHB) and powdery mildew(PM) occurre frequently and seriously, and FHB led
to the accumulation of DON toxin in pathogen-infected grains. Wheat yellow mosaic virus(WYMV)
often happens after a cold winter. These disasters threaten grain yield and food security. Yangmai 15
is an elite weak-gluten and high-yield cultivar bred at the beginning of 21 century, but its comprehen-
sive resistance is weak. To keep the advantages of Yangmai 15 and improve disease resistance, a back-
cross population was constructed with Yangmai 15 as the recurrent parent, and 92R137 (a soft-grain
cultivar with high resistances to PM and WYMYV) and Ningmai 9(a soft-grain wheat cultivar confer-
ring moderate resistance to FHB) as the donor parents. In lower generations, molecular markers were
used to select plants pyramiding PM resistance gene Pm21 and WYMYV resistance QTL QYm. nau-

2D. In high generations, FHB resistance was evaluated and the key quality indices were tested together
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with grain yield. Finally, a new weak-gluten and high-yield wheat line Yang 18465 conferring resist-

ance to FHB, PM and WYMYV, was bred and introduced to the national wheat regional test in the

middle and lower reaches of Yangtze River. The breeding procedures of Yang 18465 will provide a

useful reference for the breeding of similar varieties.

Keywords: Molecular marker; Fusarium head blight; Powdery mildew; Wheat yellow mosaic virus;

Weak-gluten

RALA R A IO RS ZRAE X, ARlES
2003 4K A 1 G BT & /N 22 0 35 X8 % Je KL
KD BB 7 AV R i 22 X o [ i — 1 555 7 /)N
LA . VIR BT Tl DA B2 BF 5T i
I A R 5 55 8 B — 2 & X E R
ot THIR S SR W ZE X NEERK PR
3 22 W L /N 22 AR R A R 2 T R UK
Vo 2 AR Ay /N B AR I 1 L SRR A
Kk, D 13. 8% 15 74 13 R«
F18 5553 A /N 22 i b 255 0 P 0 5 o L it A £
ERUE TR OR . EE 208 /N B R B

/NZE AR AR (FHB) S RV R iF & IX5 —
KW E . ZNEARSHRITE T, RPN
P L 5 ) /N2 7 o R IO 3 4 TR R R
4= DON 5 R, ) #8224, TR/ i il
HE R R B o B SR 2 A DX T BRI 1
RAEFhb1 FMIFhb7 WA~ 550 5 P i 5w B Ry i
IREEE E AR AL T R (0 B — i 5L R T
HR A B AR A fige e iR g R, T
AR N Tk, Ll 2 158 AREN & &
A1) A K 2 AT B B R m e pvE e pi bk R
PIERRCCIE2 T5E - ¥ GARNE ] i S U EUE
RS A B8 0 e 1 AT 2 BT AR R R A B
HEAS®ERE,

/NZE LR S AR A B TR RN A L Al
T (Blumeria graminis {. sp tritici , Bgt)5|H K
— R R RILh R BRI E R X
2010 4FRT A - 11T FOB B AL B B AR A8 1 S B — 4t
PR KA F . Pm2a FiPmda WA~ £ B IR
FERAE RV R i 22 X8 20 2R 800, i B2 4 S A
AP T A ., NE-REBE TV =
2S « 6AL B i & 92R137 4 Y Pm21 & H i &
HPUE B PR R )R BT B R e R R 2
SR H P B TR AR e K geit
b 2 AR E 5 XTI /N A DGR B 2 40 %0
(23K R AT Pm21, 5 2350 R % AR

95 %Y ,Pm21 © % Uk Pm2a fPmda 2. J5i% %
X f5 7L A BE 1A s i R IR

AN HOAE M R N 22 IR e
(WYMV) B &M%, Bk A A 502
T T B, e — e m ik 109 ~30%,
e BT 5k 80 %6, H R BT 4K MK R
o7 FH 5 3 3k A 2 7 T/ FE 2D ek b i 8t
SRR QYm. nau-2D M EETHFE 6 5 9
S SRR L E 2010 AF LART B %A 5 0 5 R
A HWCH SA Bk b ESPUR I FQYm.
njau-5A " PR H AR SRR R, RS Al 2 B A
TSRS T 18 K 18 .
% 4 5%, it & AR E R XTI /N E KGR
B 192 el BAQYm. nau-2D Fe R Bl Y &
b (61.5%) 3 & TQYm. njau-5A (4.7%) .

B 15 4 200502) & 7195 HL R ] 4 X
AR BRI 5 T S 5 A 5T 55 5 /N A2 A
FE 2003 442 AR & /N E B ST T Al
L Ao R o X R S8 AR AT 7 L IR R TR AR G
SR FR IR E 52 15 2 BRAR A P ol it
BT AR AR 2 AT B L (RS R R G
PG E 55 o 6 AR BE I+ F1R 99 R 25 A 9 1) 268 30Uk

SHEMR T AT .

AU LI A 15 e BlGEA, DL 92R137
VE R B RS 22 T Pm 21 540 5 46 M 95 35 %00 PR
QYm. nau-2D MR SEA, DL 2 9 5 (J5 Bl il
T 283 TOAME MBI B AR A AT 22 380
1 vl | o vl = 0 N 10 1 AW D2 B e . 7 Pl
A7 3 R 3R B O 32 o e thE AR A0 A7 e A O 0 2 e DA
B g MR O 2 L e R M R L 20 59 9 /D
2B i R4 18465, A 5% ik H F Ah Oy vk AT A
5 LA NPT AR S

1 M5

L1 s
YA 15 & i VL I8 BUT ) 4 DA B 25 F 5
JIT T B DIC I 55 A /N A Bl SRR R L R A



.+ 18 - % XK Y

EE 14 545 &

BAEMR . T 9 SRMILBE LB ¥ PIEE
14 v 7 559 7 /N2 R T IR B L e P AR
(AU AL E I QYm. njau-5A ) , = &
PR . 92R137 J2& HH g % A% Ml oK 2 20 i 35t 1% T
HMH/NE-FEERZE T6VS « 6AL B &2, &t
FIR R (HE A B0 R 3 R Pm 21 FE A6 T 9 (1
B AR ERIFEFAQYm. nau-2D) .
1.2 HiRA*®
1.2.1 Zx#FaE
M 2007 SEHG L, LA 2 15 j@$ 53 5T

95 M 92R137 MLE =LA G KW AAE M

F, #1724 %8, k18 E & F, %’ﬂzti H T QYm.
njau-5A e R R = BAT S 80VE T 25 B AT
T 18 B MERE . P, B 18 R A Pm21 MQYm.
nau-2D REAHQYm. njau-5A WIE AL F, kg5
W 15 M52, 3k4% BC, F, ARFP 7, LBV IR AUk

BE15 x 92R137 B#EIS x 7H#I5

Yangmai 15 l

15 BC,F, 1L Az fh; ik Pm21 M1QYm. nau-
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20074F Bk ZE, BEHRL

Yangmai 15 l Ningmai 9 2007 autumn, cross in greenhouse

F < F 20084E K%, BERKX
! 1 ! 2008 spring, cross in greenhouse
¥#E15 x F, 20084EFkZE, BEFZE, IFicES

Yangmai 15 1

2008 autumn, backcross in greenhouse, marker-assisted selection

BC/F, 20094EFZE, BELK, MCEE

2009 spring, plant selection in greenhouse, marker-assisted selection

BC/F, 2009-20104F, KREHITEE, ke
. 2009-2010, plant line selection in field, marker detection
BC,F, 2016-20174F, KHEBRITES, fHicE
1 2016-2017, plant line selection in field, marker detection
BC/F,, 2017-20185F, X EiRK, HHLEE
1 2017-2018, nursery test, quality appraisal
BC,F, 2018-20194F, & HCHEIRL:, MBS
l 2018-2019, nursery test, quality appraisal
18465
Yang 18465
B 1 3% 18465 &£ H L7
Fig. 1 Breeding procedures of Yang 18465
x1 RERRESHFT
Table 1 Primer sequences of molecular markers associated with resistance genes
Fric £ B FEH SRS (5 —3") IR ki
Molecular marker Gene Primer sequence (5'—3") Tm/C
e L F:AATTCGATACCTCTCACTCACG -
WMCL15 QYm. njau-54 R: TCAACTGCTACAACCTAGACCC o5
p F.: TGACAGCAGGAAAGAGTCCA -
WXEL339 QYm. nauzD R:AGCTGCCTGGAGAGCAAGAT o7
MBHI Pm21 F.GCCATTATAGTCAAGAGTGCACTAGCTGT 58

R:AGCTCCTCTCGTTCTCCAATGCT
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Elﬂfﬁfpﬁhﬁ)@%%ﬁﬁﬁﬁéﬁfmﬁé%
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1 18),

QYm.njau-54
100 bp _

M P, P, 1 2 3 45

6 7 8 9 1011 12 13 14 151617 18 19 20

M:DNA ladder;Pr: T2 9 5 ;Ps: %% 15;1~20. 44 55 Fy bk,
M: DNA ladder; Pg: Ningmai 9; Ps: Yangmai 15; 1—20: Part of F; individual plants.
B2 HAEXF BHRISFIRIE(WMCHS )R
Fig.2 Molecular marker( WMC415 ) detection results of part of the F, individual plants
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B 500bp
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%nu Fi B, 2021 4R 3F A 5K X Sl 5, 7= o
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A HIFRICWXEL339 fHG N 258 s B: AR ICMBHT BRI 458 s M DNA ladder; Pr: 92R137;Ps : 43 15;1~20: %843 BCF. 5k,
A: Amplicons detected with WXFE1339; B: Amplicons detected with MBH1; M: DNA ladder; Pr: 92R137; Ps: Yangmai 15; 1—

20: Part of BC; F; individual plants.

3 #% BC F, BHRES FIRICHMER

Fig.3 Molecular marker detection results of part of the BC, F, individual plants

250 bp

92R137 4518465 #HZEI1S
Yang 18465 Yangmai 15

H#E1S
Yangmai 15

C
500 bp
<« Pm2I

92R137

+— QYm.nau.2D

118465 BE1s
Yang 18465 Yangmai 15

18465
Yang 18465

A EABSUME S 92R137 RH 42 15 43 5 B v AU I8 B A C.MBHI FIWXE1339 43 FhR 1K s D # 28 St 25 1
A':Identification of powdery mildew. 92R137 and Yangmai 15 are resistant and susceptible controls, respectively. B and C: Electro-

phoresis patterns of markers MBHI and WXE1339. D. Identification of Yang 18465 and Yangmai 15 to WYMV,

B4 1 18465 MBEEFAHE 15 WAMK HEHFRELLER
Fig. 4 Comparison of powdery mildew and WYMYV resistance between Yang 18465 and Yangmai 15
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K2 18465 RBROMEEER
Table 2 Identification result of Fusarium head blight resistance of Yang 18465

A (R o /1N R K A/NEEL RS
Cultivar(line) Diseased spikelets per spike Total spikelets per spike Percentage of diseased spikelets/ %
7% 3% Sumai 3 1.1 17.3 6. 4a
% 18465 Yang 18465 1.8 19.7 9.1b
%7 4% Yangmai 4 2.6 16.8 15.5b
44 8455 Annong 8455 15.7 18.2 86. 3¢

[ 51 A J5 AN Rl /NG R 3R b (RO ) 22 57 b 35 (P<<0.05), R I,
Different lower-case letters following data within same column indicate significant differences among different varieties(line) at 0. 05

level. The same below.

F3 FH1846S HmMRETEER
Table 3 Identification result of quality of Yang 18465

B A
Quality type

SDS UL {8
SDS sedimentation value/mL

A R

Cultivar(line)

A fifi 2

132
Protein content/ % Hardness/ %

# 7 20 Yangmai 20 12.434+0. 58a 19.21+1. 83a 7.5040.93a 55 i Weak-gluten

1 18465 Yang 18465 12. 4340, 44a 18.2242. 53a 9.43+0. 954 55/ Weak-gluten
A 9 %5 Zhenmai 9 13.9040. 78b 55.68+t2.18b 14.20+1.03b HR A7 Mid-strong gluten

Fd BH18465s ERIPFTHERSMEBRXEERIGXBHHNT=

Table 4 Yield of Yang 18465 in comparative test and regional tests in the middle and lower reaches of Yangtze River

) . o oz 1L R P fE >2yiﬂnﬁ*nl,_‘,;h$
y: o o | N SO 1y fﬂm))« =208 KK
?,:2% Tﬁ?’éﬁj T Li“l“ quﬁn‘ Yield/ Increase Frequency of locations
€ est group est locations (kg + hm %) rate/ % with yield increase rate =2%/%
2019—2020 it it LA A 40 23 6 940.5 4. 38 81.8
Cultivar comparative test ' ' :
= TR /N
2020—2021 . . ™ Tﬁtbiﬁﬁgﬁ ) 19 6 531.0 3. 64 68. 4
Cultivar comparative test
2021—2022 b R i 19 7 300. 5 4.17 78.9
Regional test
2022—2023 b i 19 6 988.5 5.27 78.9

Regional test

1 46.3 g, 2023 AERKSINE KA 7= A5
3 it

55 i1 /I A R R ORE SRR il A5 Y B R,
RAL R W2 X — 12 55 A /N 22 A 3407 X, i B
WT2 9% %% 13 iy 15 F— M 75
ANFE SRR, S B2 15 2 21 el wrE L
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bR BLSE L 2 B YT A0 0 & Bk 240 E
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)R . R B P I R R 5 A T
AT GE TR 5 ] SR AR 4 22 15 P pE R R A
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M IR B PUPE . ZR I R s 3 AR R A A
Xof il ST 3 A AR L FE AR R o R SRR 2
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