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Enhancement of wheat distant hybridization germplasm

AN Diao-Guo, XU Hong-Xing, XU Yun-Feng

(Center for Agricultural Resources Research, Institute of Genetics and Developmental Biology, Chinese Academy of Sciences,
Shijiazhuang 050022, China)

Abstract The related species of Triticinae are important and valuable gene resources for molecular improvement of wheat (Triti-
cum aestivum L.). These species have a number of distinct characteristics that common wheat varieties simply do not have. Through
distant hybridization and chromosome engineering in the past years, a number of new germplasms, including wheat (“Xiaoyan
6”)-rye (“German white”) addition, substitution and translocation lines, have been developed and characterized. The sequential ge-
nome in situ hybridization (GISH) and multi-color fluorescence in situ hybridization (FISH), specific molecular markers, combining
with disease resistance evaluation and nutrition, quality and yield identification had screened 10 kinds of new wide hybrid
germplasms, including sterile lines. The screened germplasms were highly resistant to stripe rust, leaf rust and powdery mildew.
Some hybrid germplasms were also of high quality, enriched Zn and Fe, high nutrient efficiency and desirable agronomic traits.
These traits made the germplasms new and valuable for effective wheat breeding. Also 414 new EST (expressed sequence tag) mark-
ers specific to rye genome and 31 new markers specific to rye chromosome arms had been developed. These molecular markers could
be used in marker-assisted selection breeding or to rapidly detect corresponding rye chromosomes or chromosome segments intro-
gressed into wheat background. The identification and mapping of new resistant genes derived from wheat relatives were ongoing.
Some new advanced lines of wheat-rye and wheat-Agropyron cristatum were being developed for release as new cultivars.
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IPURIEA . B IR E AL | 3E AR P Y S
IR, B il 3z 2% 4% 5 8 b o B DR O, T alE— 2040 9
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R WR9502-14

WR9502-14 h— A Tl /N —H 5 T1BL 4RS 5
L Z, R BRI 28 15 BT 4% 5 2 AT IR
B R R LT oEAIME 6 5 S BT BR
Fhe =l 5037,

BAER LR NoIME 6 55 B4 5 Fpefi =
7228 e, ik T 4 afa i (2n=42) . 474
LREMERBEF 8 MR, H P ELRL BB
PRIBEFEITXT 8 AR RIAT THURME S . 453k
HIkR 14-51 5k, HA 7 k&R (B35 WR9502-14-6)3
AP EILREFBRIEAWAB 5. 315, 325
AUKIRBEOR T 4), K B 5 S 3k R 0;~1/
5/10 ., ik 5 f A 43 S0l 2 Pl S 0 % 4% 85 T AR L/ Fil
CY30. CY31. CY32 wyditk, ¥R N 0 Z; Kk
BURETL 4K 0, %,

£ Adelaide K=Y F% %, FIH Squash Blot
A7 (method for the detection of the rye telomere)
R R A ge i, 45 R R WR9502-14-6 Hk &
TENEY 7T DINE-REMEL, 2BREGRERAK
AR R B (3R 1) il — 20 DR SR 2 PR Y
JRAL 2238 GISH 45 3 7R, WR9502-14 2 — & F
AR B B AR 19 5 60 7 (BT ) o

F 1 SquashBlot M BE LR ERMLER
Table 1 Squash Blot experimental results of rye chromatin

e ID  FUFEH K Germplasm material 455 Result
1 Angas CK -
2 6R(6D) CK +
7 5 i 503 Gaoyou 503 -
8 /ME 6 % Xiaoyan 6 _
9 ik 8901 Gaocheng 8901 _
14 WR9502-14 (1) +
15 WR9502-14 (2) +
16 WR9502-14-2 +
17 WR9502-14-3 +
18 WR9502-14-4 +
19 WR9502-14-6 +
20 WR9502-14-7 +
32 Wylash sp-2 -
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LPRL AR NFZ I G F 2SI R B IR AT 1013

TE R KRR 7 5 & et 58 B (SARDI) 43 ) i
JRSEE A, AT WR9502-14 [R5 TR A4 E W I
(L, 14+15, 2+12), SEAME 6 S HIZ A
i) o 5% VN M T i A 5 2 141 52 119 3% 4 (SDS-insoluble
protein, %)-5 [ 415 & (dough strength) & IEAHSE, JE i
AT LA /INAZ e Tt 3t . AR FAE AR it b/ et

Assay) ¥ WR9502-14 )2 [ TlEA TN, 4550tk
PRFE WR9502-14-6 114/ it (%UP=36.60%) 1k | H: % 1
BT XEOME 6 5(35.51%)FI“EE 5037(36.04%)
(& 2). REPUK. WL RAKR WRI502-14-6 1F
S Rl T WRO502-14 , H E) 4% 25tk (14 e s 3
B, btk WR9502-14 #i=5 75 cm A4, FEF 5 T,

AT HEAT i B AT BOBCRE | DREEET J k (Turbidity  ZRSRZETERRYAF, 2UHLEF .

Fz 2 Turbidity-BAKBERANTEEARNEE
Table 2 Turbidity-SDS-insoluble protein %

mE 1D b R A . Soluble fraction Insoluble fraction Total OD %UP
Germplasm material Raw OD OD-blank Raw OD OD-blank
5 #4t 503 Gaoyou 503 0.322 0.268 0.205 0.151 0.419 36.04
6 /IME 6 5 Xiaoyan 6 0.399 0.345 0.244 0.190 0.535 35.51
7 ZiE4k 8901 Gaocheng 8901 0.309 0.255 0.233 0.179 0.434 41.24
12 WR9502-14 (1) 0.348 0.294 0.189 0.135 0.429 31.47
13 WR9502-14 (2) 0.434 0.380 0.170 0.116 0.496 23.39
14 WR9502-14-2 0.368 0.314 0.196 0.142 0.456 31.14
15 WR9502-14-3 0.382 0.328 0.219 0.165 0.493 33.47
16 WR9502-14-4 0.397 0.343 0.221 0.167 0.510 32.75
17 WR9502-14-6 0.352 0.298 0.226 0.172 0.470 36.60
18 WR9502-14-7 0.365 0.311 0.201 0.147 0.458 32.10
28 QC1-Halberd 0.370 0.316 0.103 0.049 0.365 13.42
29 QC2-Glenlea 0.199 0.145 0.171 0.117 0.262 32.87
30 QC3-Kukri 0.246 0.192 0.148 0.094 0.286 44.66
112 S&$Hm. BMHEN TIBLARS S &#H  CY305. CY29 5| Su-4, Su-6, Su-11, Su-12);

5L WR9504-5

WR9504 “h—ANHr /N4 -2 TIBL ARS 51
R, BPLABHRAOBRE, A RMPLESH
FHC R R B B L R s L N G, B e R A A
PELT .

AAET A NIME 6 575 B2 5 Fpefi [ WR950410 o - . 5 .
72438 )R AP & B9 WR9504, Hi A [ 4 1 B2 WRO504-5 0 24 3 0 0:
Bt 40 DR 7 B 5 BT SR AT B S0 0 /N B 1k 2 1 GELE 0 0 0 0 0
SR, I B R AR e
CY26, Pz CY3L, EHEREHPLCY32, F&CY28 169(CK)

i CY30(%§ 3). S M B s s L 0: ¥ Immune; 0;: ILH % Almost immune; 1: &$i High
WR9504 5 55 55 5 TR & /NP (CY32 5 .CY31 5,

& CY31 Al CY32(% 4).

*3 WRI504 BEAKRSRIMIELETE
Table 3  Stripe rust resistance in WR9504 at the seedling stage
S5 L /N R
Physiological races of stripe rust
CY26 CY28 CY30 CY31 CY32

il A

Germplasm material

4 4 4 4

resistant; 2: #1131 Middle resistant; 3: #& Middle susceptible; 4: &
% High susceptible. T[] The same below.

F 4 WRI504 &FHmMAMBERKBMMEELEE
Table 4  Stripe rust and powdery mildew resistance in WR9504 at the adult plant stage

IR CY32 [l CY31 [l

RBbA Mixed races of stripe rust CY32 race of stripe rust CY31 race of stripe rust FBHHR
Germplasm S~ - — S~ - . S~ — — Mixed isolates of
bl RUER OMEE MEE WM MEE MEE W EE EE  pouden mildew
Infection type Severity  Incidence Infectiontype Severity Incidence Infectiontype Severity Incidence
WR9504-10 0 0 0 0 0 0 0 0 0 0
WR9504-5 0 0 0 0 0 0 4
it 1]
A 0 0 0 0 0 0 0; 0 0 0

German white

R 46 5 R 0~9 2432 Powdery mildew resistance evaluation was conducted by using 9-grade method. K& The same below.
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PU IR BT L D B R 20 A (GRIE)

H WR9504-5 k5 75~80 cm, 43BE fIfR5H,
AL, AT, R ARG, B R A R
438 GISH FIPALH R4 1 pAs1/pSc119.2 W {h 756 ¢ Ji
a2 FISH % E KM, WR9504 j—~ T1BL 4RS
VIVEN(S]OB
113 E&$Hm. BMHEAE ST/ TIBLARS &

LR FFh B/ s R WRI603

WR9603 iy — i Bl /N2 -4 TIBL ARS 5 fi
F, HRWMFSH TAMNERE IRS JEAKIFA,
FErL, BA I, RIASRMOMNE, 56
PUmRTEE R, HATE &) Iz H T8 3G & mp
PLEY /N B R FIFZFP L & /N - &
Ze AT & WR9603-3, ZEAPUmtERIFERAR
(B 1A, F X0 B sy 41857157 9% L

FARBEF I 1996 4EiFAT/IME 6 554
i PP I Sk e 28, 2 Ja MHZR 38 e AR ik
B H WR9603, 7EH [ Bl B 28R b A= 8 R 50
56 0 g [ 4 A AR 2 A I B B v 4 e R
WR9603 1 #it 2 0 9% 2% 85 0 B9 TR & /b A (CY'30 .
CY31, CY32 FAUKIEAET) (K 1B). Hi 1 ARl L2
Bt L A0 DR A B 5 T SR AT %) 01 4 /N A 0 1 S
RFE W, WRO603 i T T 35 45 45 s Ak HL /N Fib
CY26(0-0; %), % CY28.CY30 #1 CY31(0 %), &
Bt CY32(2 %) . HIH A RIFE K% EL KK,
WR9603 H AR X TMYRIR & TR R B L. #ic
JE PR I R 6 2R 0 JE B, 3 FH R A AS [) 7 42 5 TR 4
G126 MENIMIBERM 21 MO E R,
T WR9603 HA A AT 2555 3 FHHT 1 K3 B A 2k
DN Bl 3 M 20 5 (R B) o

FLN RN 243 GISH %5, Bk B b
AW R EGIR, H— S ABE IRS Je kB
i Z (K 2)  iE—4 LA 1RS il 1BS R 52:E5 1 ¥1i PCR
HESZ WR9603 —> T1BL.1RS 5137 % (/&4 3), WR9603
PRIV, HHEEEST, ArBET om, F LR 1A), i
H Il PERHAHRIGZE R N 8 400 kg hm™?, Hidh &
WR9603-3 Lt XJ I i Ay 418573 7™ 9%LA I

A Ty .“_:‘ , L‘ §

B 1 WR9603 Fr=tmtkAiMBEIHELEERNINEER
Fe@ER”. WR9603 F1 &k xf B mfh <48 5% 16973 £ 5
f& B9 1E(B)

Fig. 1 High yield and disease resistance at adult stages of
WR9603 (A) and resistance to strip dust of rye “German white”,
WR9603 and the control variety “Mingxian 169” (B)

P A Ak RR T AL The white arrowhead in figure A
shows disease resistance. & B P AR AN “fEE 11", WR9603 F1
“#5 % 169”7 In figure B, from left to right are “German white”,
WR9603 and “Mingxian 169”.

2 WR9603 GISH £TF4 R
Fig. 2 GISH identification result of WR9603
HEET LR MA IR YA MI~EIFF The arrowheads show
two short arms of 1R rye chromosomes.

3 WR9603 %55 PCR # 184 R
Fig. 3 Specific PCR amplification results of WR9603
#isk 8 111 bp A4t 4 H BX The arrowhead shows 111 bp
specific amplification fragment.

1.1.4 BiIEHH. BMHER T2BLARS S A
R WR04-G32

WRO04-G32 h—~# i /N B3 T2BL 4RS 5
N ZR, Hoo RS R R YA R A R S T IR AT
WHR, AR ELR . stiesiRe . Fr-mRime
R, J& 0T LA H T /INEE & o s 5% 35

AR T AL XF</IME 6 575 B A& e |1
H7E 2238510, Gl A AR TR %e X 4655
EIIPTYE, AARE LSRN OB PLYE, RS T
INFE-BEFRE WR04-32, 15 5 sl il 5 5 0%
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Table 5

Infection types on seedlings of wheat and wheat-rye genotypes produced by 28 races or isolates of stripe rust

it

Virulence to Yr genes

BB R R Germplasm material

Race/isolate WRO04-32 %15 4 German white #, %% 169 Mingxian 169
61009 3,A, AD 0 0 4
78028 6,7,8 A 0 0 4
58893 27,SD 0 0 4
75078 2,3,4,8,10, 26, 27, A, Alba, CV, SD, Su 0 0 4
60105 1, 27, Alba, CV, SD 0 0 4
59791 Alba, SD 0 0 4
82517 1, 2. 3, Alba, CV, SD 0 0 4
78080 2,3,4,6,A, Alba, CV, Gaby, SD, Su 0 0 4
86094 6,7,8,9, A, Gaby 0 0 4
72107 1, 8, 10, 27, SU 0 0 4
74187 6, 27, A, Su 0 0 4
86036 sb 0 0 4
76088 6,7,8, 27 0 0 4
76093 1,6,7, 8,27, Gaby 0 0 4
86106 1, 6, 7, Alba, Gaby, SD 0 0 4
68009 1,2,6,7, Alba 0 0 4
86107 6,7,8,9, A, Alba, Gaby, SD 0 0 4
82061 2,3, 4,6, Alba, Gab, SD, SpP, Su 0 0 4
80551 1,23,6,8,9,27,SD, Su 0 0 4
85019 1, 3,4, 6, 8, Albas, Gaby, AD 0 0 4
PE92 6, 7,8, 27, A, Gaby 0 0 4

CYR26 1,3,6,7,A 0 0 4
CYR27 1,2,3,6,8, 27, A, Alba, SpP 0 0 4
CYR29 1,2,3,4,6,7,9,17, 27, A, Alba, CV, Gaby, SD 0 0 4
CYRSu-1 1,6,7,8,Su 0 0 4
CYR30 1,2,3,4,8,9, 17, A, Slba, CV, Gaby, SD 0 0 4
CYR31 1,2,3,4,6,7,9, A, Alba, CV, Gaby, Su, SD 0 0 4
CYR32 1,2,3,6,7,9,6 17,27, A, Alba, CV, SpP, Su 1 0 4

%6 FRNEEFREMEFHFNANFESER
MEBETEE
Table 6 Infection types on seedlings of wheat and wheat-rye
genotypes to isolates mixtures of powdery mildew and stripe rust

st o /25 ] A
Cultivar/genotype

JZRE#Y Infection type

F1#y Powdery mildew &% Stripe rust

/IME 6 %5 Xiaoyan 6 4 4

FEE 4 German white

£ %% 169 Mingxian 169
WRO04-32

0
4
1
i 4185 Shi 4185 4

A O »~ O

1) 28 ANEF/NFR(FR 5); XA A TR IR A
A WRIM T PP 6).
FIABFE AT kB IRS YLtk 4F 71
EST-STS Fric 8 e 45 LK . WR04-32 B A7 1RS %4
AR T 0 Br o iF— 25 R 34 2 5 PR 21 D o7 4% 32
GISH FILA pSc119.2 FI pHVG38 (& pAsl) YEIFEHAY

L3RI ZAE FISH, fIESE WR04-32 h—4N8T

Hy/NE-FRAZ T2BL ARS S & (EIHS ).

1.1.5 SHA#MHE 2RCD) BRI A FHME WR02-
145

WRO02-145 Jg— 7 M /h A& B3 2R(2D) 1L
e ZR, G RR AN BORR I  C10R 9 2 I e v F i
B g%

BAAER L W IME 6 5 f AR BB A& < =
(17238 . BIAE K AAE, SRR A SR K 4 58 Xt
FIRHR PN, RT3 T 4 @bt ORI /INZ - B2 b
B WR02-145, 2 JE N 20 )5 4438 GISH kiR PCR
YE, X 4 PRI 2R(2D) AR Z (FII)

4 4~ 2R2D) S REE TR, iR, H
f A 2R A . 2 E AR B B AR P R D i 5
FIF 1R R B 55 4 2% 5, WR02-145 X [R5 BoA B 4
ok, U BB BT R S R R B
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R

T3 4b, 2009 4 M /IME 6 555 B i el ]
M2 Ja i, wE %0 B TAFRF WR02-145
HIH A4~ 2R(2D)FACHLZ WR55-1 #ll WR91-1, %
P K FL A T PR B S8 8 T AR IEERE 2 TT R .
1.1.6 SMBAMFE IR FHMAFMER WR49 #1 1R

M & FFh R WR35

PR AR SR EBT AN WR49: WR49
RSP R LA R AR EE ) T R AR E Y
INFE-TRA AR SR E BT, HaihE AR R T
kBB HALRFE 4 ASC MBI IEE . B
A LA G AR SN R BT R iR GE -

ARG E L XF/ME 6 55 B A b efil =]

1228 A A, @A A B AR & S8 X VR 1
burk, KA T /A -BEME WR49, 2009 4F 2
GISH. FISH %5k 4R &SI in 2 (##g) . K
HHTA P B 3AT 0 OBy R LA & E09 Mo EE J1 1
% E21. E20, E18, E11 Fl 4 N3 A A M X 18}
) AL B ZR, X AR BHINER WR49 SEA/ME
6 I B Ay B AT BT R A
LR FP£8 % 1697 Al M B 2145 N B X R, 413k
B fli ] (R BAuE, /IME 6 5. “HE 1697F
“EELLI R4, T WR49 BRXF E18 EILEHL(2
Fsb, X HALE RHFRI G . WRA9 [Hidt )y =X
ANTR]F ok PR 2 oAl S FP A HT TR 3L PmB(1RS)
Pm17(1RS).Pm7(2RL)#I Pm20(6RL), .3 7 FIlK 4,

F7 MEARMMEAE WRA BHAX AMFE RMRIELEE
Table 7 Powdery mildew resistance in 4R addition line WR49 at the seedling stage

S B3 kA Pm? Pm7 Pm8 Pm17 Pm20
Isolate Resource of isolate German white WR49 (1RS) (1RS) (2RL) (6RL)
E09 CAAS, IPP R R S S S R
E11 CAAS, IPP R S S S S R
E18 CAAS, IPP R MR S S S R
E20 CAAS, IPP R R S S S R
Bgt2 59N Zhengzhou R R S R S R
Bgt5 E 8 Kunming R R S S MR R
Bgt12 b= Beijing R R S S MR R
Bgt32 M % Nanjing R R S S S R

Bgt: /INAZ 1830 1 HY 5176 43 BS54 Single spore isolate of Blumeria graminis f. sp. tritici; CAAS, IPP: 1 [+ b Bl 2 bt b W AR 37 0 52 B In-
stitute of Plant Protection, Chinese Academy of Agricultural Sciences. R: #TJ% Resistant; S: /g% Sensitive; MR: H4:31J% Moderate resistant.

E4 ARMIMMAWRAIEHIMBAMRHEELER
Fig. 4 Resistance of 4R addition line WR49 to powdery mil-
dew at seedling stage

MR R 851697, “HEH L0 </MEES ., “ff | 1 FIWR49
From left to right are “Mingxian 1697, “Huixianhong”, “Xiaoyan 67,
“German white” and WR49.

EPLEANNRE 1R SN Z Bl WR35: X/
& 6 55 B Sl 2385, Sal it
AR &S X IR R Pk, RS T /NE R
A F WR35, 2009 4£4: GISH, FISH %% K 1R

ARSI R (B ) . P S e 25 R, WR35
BT E AT A = AT LRSS &R E09.

J3 Ak, 2009 4F P/ IMIE 6 55 5 B AE S e qli =]
B4, BEEEH T 2RS Ik n &
WR56 Fll 4RS s {4 [ in 5 137, A4 e FHofh 5 %L
PER IS E TAEIEFERE 2T 2 o
117 FHBEMARE ZHMRNEZE-EE WRI501

WRO501 h—ANHT R [ /N - B TR AN &,
wEFRE, BERLERE AT RNBHE AR R,
2 54E 5 (R E IR T 6 MR E & RIEA
REERPRE . &= AR AT RRI,

HLARVEE L 2002 4F A/ MIE 6 5 I BE A7 il
B &g a i, mEEATHRTE . SGAREMH
R RAFH /N BB T EYE AN T 22 WRO501 (/%] 5A),
Y i M e fa AR 2n=42([8] 5B), #HEHFEE .

B H A E & WRIS0L HEFHMAT R, 4
54 5 REFE RIS T 6 MRIUMR G 2RIMEEALK
ZHRRBUR . EE L URAFRREA T R RS, 1
}5 2292 9067, “FlAc 92047, “f7 41857, “ELiE 4717,

“01 7 88" FI “mfk 503" % AH & (K 5C, 5D),
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LPRL AR NFZ I G F 2SI R B IR AT 1017

E5 NE-BEFHEMAREHRWRI01

n- - = N
(A)RERF(C, D)FAF & KA (B)

7 :,§ij

Fig. 5 Wheat-rye male sterile line WR9501 (A) and it’s series (C, D) and chromosome composition (B)

AEHR WR50L LA REMRIER, HEME
HAL 1ok, B THE, XEZAE R EENE
PE, R R AT R & A S, R
ANFERIE R RLEAT Tz s, S E TR &R
FERIH O HE ST 1 Fo BER B4y ARNIEAT T & M50
B, N E— 0 FARCE N AT SN E T
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