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Breeding the Lines with Resistance to Fusarium Head Blight of Wheat
Cultivar Yangmai 13 by Molecular Marker Assisted Selection
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Abstract: Molecular marker-assisted method combined with backcrossing was used to improve the dis-
ease resistance of Yangmai 13 to Fusarium head blight (FHB) and increase its production and profits.
Using the resistant cultivar Sumai 3 as the donor parent of FHB resistance gene Fhb1 and FhbZ2 , and
Yangmai 13 serve as the receptor and the recurrent parent, which was planted largest in the middle
and lower reaches of the Yangtze River with weak gluten character and poor resistance to FHB, we
successfully characterized eight lines with agronomic traits resemble to Yangmai 13 by using SSR
markers liked to resistance genes. Finally, three lines with genetic background consistence with the
recurrent parent were identified by genetic molecular markers, which were used for further tests of
pathogen inoculation and main quality traits. The three lines developed through this method, were
named as R Yangmai 13-2, R Yangmai 13-7 and R Yangmai 13-8, carrying Fhbl, Fhb2, good agro-
nomic traits and soft quality. The disease incidence of them decreased by 78. 82% ~84. 58% and wheat
yield improved by 17. 24% ~26. 72%, respectively compared to Yangmai 13, and could replace the
susceptible FHB Yangmai 13 for large plantation. This study demonstrates that molecular marker-as-
sisted selection with molecular markers tightly link to the major resistance genes offers opportunities

for transferring FHB resistance in wheat breeding.
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B R FH BT L I8 % B G i b R 34 02
INFZ (Triticum aestivum) , 7 3 52 20 {4
70 AEARTL I3 48 I3 M Hl DX A B 2 0 55 7 B Y
PP IR FE A A A R BN R AR R 120 em 72
AL BRYTRRRL . A2 13 VL5 BN I DR B

SR TR L /N FE R, R BLE M B AR A AL
FFPRLLT R AR 85 em ZE AT LI PR SR . M L LR
o KA ARA 72 - 24 77 5 6 750 kg « hm * LA |,
{H IR FE PR 2 . RIVB IR FEI .
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2006—2010 4F 75 VL 75 5L F ] b X ARl B 27
AF 5 i 77 1k 0 5 b 0 B ) B B il Ay 3%
Z A 3 H AR . P AT DL S Xf
RN, 6 7 /N X L A7 HE 30 em, 47 K 200 em, F
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FNRAE I Z T H L R s 5 BRI R R %
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1.2.2 SSR 4-#f

% i Murray %" #i2i ( CTAB % i 17
DNA 4210, SSR 5|#))7 5% M Roder % 4
MY e ik 3BS-X gwmd93(L. 5'TTCCCATAAC-
TAAAACCGCG3'; R: 5 GGAACATCATTT
CTGGACTTTG 3'), Xgwmb533 (L: 5" AAG-
GCGAATCAAACGGAATA 3'; R: 5 GTT-
GCTTTAGGGGAAAAGCC 3 DL % 6BS-Xg-
wml33 (L; 5" ATCTAAACAAGACGGCGGTG
3'; R: 5 ATCTGTGACAACCGGTGAGA 3",
Xgwm644 (L: 5" GTGGGTCAAGGCCAAGG
3'; R: 5 AGGAGTAGCGTGAGGGGC 3,
PCR Sz b S ARl 25 pL, N IR &K A3 5
pmol il 5[ ¥, 2. 5 L. 10 X buffer, 37. 5 nmol
MgCl,,1. 25 nmol dNTP,1 U Taq %4 i 1 40
ng Btk DNA, W7 94 CAEYE 3 min, R )5
35 MBI EHAER K 94 C 30 5,55C 45 5,72°C
40 s, )5 72 CLEAH 5 min, P HE=YTE 80 KN
75 TOE Jie 58 JC - P UKk 23 5 AR e W, R BEAR O
oK,
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ACOT B RERIEAT H AR A B e B TR R R
H s i R0 LBk S 1 5 58 18] R A B 52, 43 il At ST
BC; \BC, \BCs S AR B 3¢ 73 B BEMA, 1 1 43 745
TCHH B BE H AR 7 S Al A 1Y SRR B 3EAT A 3C
St % R 2R e B & A BiREEN
T G I I NI 7 O £ s O | W 52
Frol fF & & H br, i J5 78 210 4> BG s,
BC,F, .BC; Fy B fEA] 6B gk | 5 Hi ¢ 5
B Fho2 %% % 8 SSR #% it Xgwml133
Xguwmb44 PEATI7 5 , 7 48 H [A] A 20 PR BE 5, 16
Pl 8 A& Fhbol F1 Fho2 & .4 A R

WFE13X B %35

W 13-1.-2-+--8 &,
1.2.4 @BEFZIH

FE/NFE R AU R 3k 4~6 X SSR FRict,
53 A T G €8 UK PR 1 o 8 A O 22 L
110 XHEH Sk FEbrid, i RS E RS
B BIEAS A AR . BRI R P B f
AR A B AR e R 5 T 5 AT AR g B ]
1) AR, 267 £5 Wk 3R 55 50 Tm0 S A I AHRURE B2 LU A
R 1 % 7 A ADURR B R e
1.2.5 &AM R B RF ik
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Yangmia 13X Sumai3 g #2435 Cross Yangmail3 with Sumai 3.

F X #%13
F,XYangmia 13

BCF X##13
BCF, X Yangmai 13

BC,F X # %13
BC,F, X Yangmai 13

BC,F X ##13
C,F, XYangmai 13

fic %l [B] 28 Backcross F,with Yangmai 13.

PRACAHT B, 3 AR 2R AR [B R A R
MRS [EI 3T . Select heterozygote with
agronomic trait like recurrent parent from
BC,F,for MAS, then backcross.

[d] I . The same are as above.

[f] k. The same are as above.

BCF X##13
BC.F. X Yangmai 13 [@ k. The same are as above.
BC,F, ¢
BC,F R . —

sl BOF U BT AR A A A R, I AT

33 e Select homezygote by MAS, then self-cross.

¢ BC,F,
BC,F, BCF, W b, EFEagEM s, hEU i, MR
5 % [Pl A AH F /8 & R . The same are as above.
BCF Select the locus homozygous and above average

BC/F; a4 BC/F, resistance, agronomic traits as the same as the recurrent parent.

1 HEZUBRFAERREDFIRICHBEELE
Fig. 1 Process of breeding the lines with Resistance to FHB of Yangmai 13 by MAS
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FAGTIERE P Fro 1 M Fho1 (5 #ERT Dy EER R MBI EE . 16 8 I hh R P XIREA AUt
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A: Xgwm493 C:Xgwm133

M R S1 2 3 4 5 6 7 8 M RS1 2 3 4 5 6 7 8
162bp —» 162bp —p H

B: Xgwm533 D:Xgwm644

MRS 1 2 3 45 6 7 8 MRS 12 3 456 7 8
210bp —» 210bp —>
162bp —» 162bp —>

M:Marker;R: 5537 3 %5 .S: 4777 13 ki 1~8 /358 R#%57 13-1.R %% 13-2.R %57 13-3. R %7 13-4, R 77 13-5,R 77 13-6,

R#% 13-7,R$ % 13-8,

M. Marker;R: Sumai 3;S: Yangmai 13;Lane 1~8: R Yangmai 13-1, R Yangmai 13-2,R Yangmai 13-3,R Yangmai 13-4.R Yang-

mai 13-5,R Yangmai 13-6,R Yangmai 13-7,R Yangmai 13-8.
& 2

FEEEEHFICERN BRERAFRRAZANSTNE

Fig. 2 Polymorphism of the linkage marker for the resistance gene among the donor and the receptor and R-lines

2.2 MABRBRANBEEESOM

Ao TN 21 g @A rg 110 Xf SSR
FIPIS 8 A dh R AT AL T R AHL AR CR D
T BT A O AT B R R SR R R A 2 13
) S LR BE 3R ) 9000 LA b, o B 2.7.8
5 Z I CA YA A S R TR AR A 2 S
55 2 ARBLRE 2 85 ik 96. 36 %40, 43 AKX 3 A4 i &

EL N RPFE 13-2.RpFE 13-7T 1 R E 13-8,
FoA LA i 22 5 48 [ A ) 22 53 BB T e
K 2D, 3B 1A 5A 5B, 6B, HoR e A 1K L it {4
SR ERAR YA . XU A LR BEAT 0 TR e
BT e 75 Ml 25 45 T 8] A 25 R 28 5 F oy 1 b
T B S B AT LR R AR i [ S 7 R A SR

*1 HFRICEEETESINER
Table 1 Genetic background analysis by molecular marker
" — 2254 e (0 4y
L A0 B L Distribution of F
Cultivar Number of
. Total loci . . different loci on F value /%
/Line different loci h
chromosome
%7 13 Yangmai 13 110 0 — 100. 00
R4%# 13-1 R Yangmai 13-1 110 8 1D/2D/3B/4A/5B/6A/6B/7B 92.73
R#p# 13-2 R Yangmai 13-2 110 4 1A/1B/3B /6B 96. 36
R## 13-3 R Yangmai 13-3 110 6 2D/3B/5B/6A/6B 94. 55
R## 13-4 R Yangmai 13-4 110 8 1A/1B/2D/3B/4A/5A/6A/6B 92.73
R4 % 13-5 R Yangmai 13-5 110 7 1D/2B/2D/3B/4A/5B/6B 93. 64
R## 13-6 R Yangmai 13-6 110 6 2D/3B/4A/5B/6A/6B 94,55
R## 13-7 R Yangmai 13-7 110 4 2B/5A/3B/6B 96. 36
R## 13-8 R Yangmai 13-8 110 4 2B/5A/3B/6B 96. 36

2.3 MAERMANMELEE

M2 AT LUE L ek N R R AR 95 & 3
ST 3 o AL S T AR R LR D B ROl
5.26%0 K B i BUAR F o (HR) . $8 [0 3R A 47
22 13 X He M EURG T 2 B BE R (S) L i B 1] 4
Rl B AL DY Ji] 7 g HG R /N B R i 3k 67, 4604

e Fhol f1 Fhb2 9 R 53 13-2.R 53 137
AR %% 13-8 Ko /NER 10, 40% ~14.29% ,
KRR TREEASEZ 13.HE THE3 5.
TR BU AR F s (R Hp /B R B 5 (] o A
T 78.82% ~84.58% ., KHIt.3 4~ 4h & Xk &
RHTTEAR LS MR A 2 13 W .
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Table 2 FHB resistance of R-lines and parents
y s 9o /N K SN R NS 9o /Nl L 5 [l S A R g
C ﬁ){++@/?ﬁ X fﬁﬁﬁ;{t Scabbed Total Percentage of Percentage of descent *};‘{H—me
-ultivar/Lne eneration spikelet spikelet scabbed spikelet /%  scabbed spikelet /% vatue
F A 35 Sumai 3 - 6 114 5.26 92.2 HR
#7# 13 Yangmai 13 — 85 126 67.46 0. 00 S
R#%# 13-2 R Yangmai 13-2 BC;Fs 15 127 11. 81 82.49 R
R#p# 13-7 R Yangmai 13-7 BC,Fy 13 125 10. 40 84.58 R
R4# 13-8 R Yangmai 13-8 BCs F; 18 126 14.29 78. 82 R
2.4 MASFMASREAFEANTIEREMWIREE ~544.72 kg« 667 m *. FRem A HF JF 4R

Ly LUNLEAE R N E N R R R TS SR i = 77
ME S ATRIE .3 MR R4 13-2.R 7 13 BPL RAFME. 3 A~ il & 15 o5 B 5 5T 1 07 17 149 %2

FITHRBE IBSWTHREMBE T EY
Wi BB Tae e A& 13, ThidE R 41.2~41.7
g, HiiE A 2. 23% ~3.47% . PHIEFE& ik 503. 96

e ] 2 A B A 09 i o i O SHLORE B R R R
MR o DRI . 3 NPT FEN dh R AE A2 b AT DS
72 13 PEAT KB N

x3 NFRRRSHE BHETERZHERIER
Table 3 The agricultural traits of R-lines and Yangmai 13
=) 2 %/ . 2 A > =N
bR LT Y AR 7 TR 8 THE e
SR Plant . Heading ! 1000-grain L
Cultivar height Spike da Anthesis Maturate weicht Theoretic yield
/Line /c%n height/cm (month};’day) (month/day) (month/day) /g /(kg+ 667 m?)
%% 13 Yangmai 13 85 11.3 4/20 4/25 6/3 40. 3 429. 84
R 13-2 R Yangmai 13-2 84 11.1 4/20 4/25 6/3 41.2 503. 96
Ri5% 137 R Yangmai 13-7 85 11.5 4/20 4/25 6/3 41.7 544.72
R 7 13-8 R Yangmai 13-8 85 11.4 4/20 4/25 6/3 41.6 524. 34
2.5 RABFmASREAFANEIERTER FIBEARETE 12. 6%, BHm AR 11. 8%

7%

M ATATLLE 3 NP RN A &
H793.7~801. 4 g« LN W& TR MEAY
&Z 13 746.2 g+ L' XA RRZE R B & 13 F
B R A KPR SN RS M . B

~12. 000 & . 7R 17 A 2 bk U kR A 2
A il SR BR T I PO AL R S R A 13 Z
(] 22 5 A TS« 49 28 30 ) 8 589 A /N 22 1) i SO o
VAP AR B ah R DR B5 5 48 MR A 17 42 13 91
555 il d AEAR

x4 NFEREEHZ BHNIERRERER
Table 4 Major quality traits of the R-lines and Yangmai 13
Sl 7 e A g SPiRa iy T A ULREAE ST T i
(jdt-i/lqrz/f;ne Test weight Protein Gluten Sedimentation ﬁfr\idﬁfei
) S /(gL content/ % content /% /mL ¢ o
## 13 Yangmai 13 746. 2 12.6 18. 7 18 32
R#%% 132 R Yangmai 13-2 793.7 11.8 19.2 18 30
R## 13-7 R Yangmai 13-7 801.4 12.0 18.6 19 32
R#%# 138 R Yangmai 13-8 796. 3 11.4 18.4 17 31

3 it
INZE IR BT M S N R by 3 FR

SR 7R JE AR B b Bl i B L i 20 /N AR
RS BUME I 4% R R HE RS L A3 R I Al Bk
FEBOAR LA | Pt HLAS 32 30 58 582 0 25 R
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REAE7E DNA JK P %1 & F b4 47 58 8 . 8 B
AHUHEIL QTL ik, H AT E KR /N2 A
A B KSR A R 4 7 ic 4 B ik B H R
SEPE BT P R R E

Sl o SN RS RANY. i $SE (1N % £33 e A
itfR £ . 035 RFLP, RAPD, AFLP, SSR %[,
ENAMFZ O BRI, 9542 3 5 1) 3BS YL i ik
FHRAYUNE FRER TR QTL, IR 5 HE %
B o FARICA AT RE T /N 22 050 o 25 0 il 1
FR . RS R K AR E 3 5 5K
o F Alondra’s 20 [ 38 R BRI & BT 1
A 3BS P U IRAETEDU R B 8 QTL A H
Pl SSR #Ric X gwm493 1 X guwmb533 n] H 2 H]
TFHFHiBIE R . Zhou ™ H SSR Aric X4t
QTL fEFric Wi By i 5 5 B4 & R AL #E. N
Ning7840/11.89-7978 23 4H & ) Fs AU HF 40 2 H
T1i% 3BS-QTL M SR M R, AL % 1EiF
HREBEAT/CIMMY T2 &2 52 56 H G BN
INEYR MR QTL %% &80 SSR Frid Xbarc
133, X gwm 493, Xgwm 533 1£ B ffr B AT Kl
ol T R A AR L A (R ) R A B R
BRI PR IC SR I 4 A A —FE B = ARl e
F, Al F, (07 v — 2 2 B 0 P vk OB B 36 .
B e W AR RS A R R OK LR 95 2 3 5%
915 B B Alondra’s 24 52 4 # DH 44, iF
FEINN 5 TT R R BOR VAR A SRR E 1 QTL
B E B 7 b id Xgwmb33-3B 1 Xg-
wm 335-58 7] LAAE Jy o 85 05 e P Sl Bh ik % . Bu-
erstmayr % X /N F2 3BS Y 4, K IR B B
QTL WfE AT T8ttt b oe I & A Ptk
QTL # & 1 7 55 g /™ B B P I REAL T 500 ~
70% . ULBH 3BS Y a (R 41 A5 E O QTL 1 bt o4 1
MAEHE B E. A T 0 FAicd B & fr. Pum-
phrey S R & A & A Fhol LR 19 %t
U AR AR I 5T O A T R B RE AR T
2390 JRRLFR AR T 2700 AR T L R A AR
MR INHA Fhol WIS e 35 38 5 ir G ik %%
AW FRERIUME. ZWF A Anderson
SEOVE R B UE B P QTL AT LAAE b A ic Bl
B T H . Miedaner &2V 40 % 3B.5AL3A |
) =itk QTL [F i A7 70 7 bR ic 46 Bh 18 £ 68
fi vo 5 M B e DA [ R N A2 O R O R BT
P, Wilder % WF 58I N FESE N1 8 72 /N
Frr BT 3BS.5A B9 4% QTL #4745 i Hii By i

PR P B 5 IR 0 B M KT ) — B A RO .
Buerstmayr 2% 1Ak 5 & M 4 (9 Bt AR &N
QTL fii T 4t 8,1 3BS(Fhb1 ).5AS(Qfhs. ifa-
5A) I 6BS(Fhb2 ) BAL Fhb1 Y& HAE N2 Kibn
W HF MAS 8 H bR, SR, Bk HRE 3%
RA 2 3 S el AT E RS E S A 34T 0 BF
G RZEERIN 43 25 8 & A Fhol B AR
MIRR R o Je 003 T el B 1 B BOR BEAT I I
A i — P TRAWE IR G A 35845 8 5 S R
P

ARG RGN 0SS/ 4y T Anic il B
TEFE L H )P0 2 b 56 08 My F bR i 8t 1% 1 S ik
B A W T PUE S Fhol i Fho2 1 3 4
AR SR 13-2. R4 13-T MR 13-8, X
B i R OREEE FE R AS L R A 20 P AR 0 P AE i 5
e, Of B O R N B R R T 78, 8200 ~
84.58%  KF L= P T 17, 2406 ~26. 72,
A 420 1 FH 1) 46 1] 5 A 2 v ] v T B o K 1 55
Wi/ SR &2 13 Pk 4R AR ol 3L e R R
PEE ST b ac il B & R R O AR R
B PR KA AR AR B TR A A B
DI TR I o = L 5 N5 TR S o O S N A
A 3 SHEREF (Fro 1 Fhb2 ) S5 B
Gy FARICHEAT B B 2k F A w0 Bk RO AT AT
1% T E/ANEVR BRI E MR AR B
YERT o AR5 0 T 75 S5 A I A4 s 10 80 aE AR ) T
/N JH TR I BB A /b s TR A R A AN AR 2 4 [
FRABE T A T — P WESAIESE . BUR &
I i R PUIE S 7 R KO I AR M T AR SR R S
JEESRT A
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