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Progress on the Development and Application of
Trititrigia in Wheat
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Abstract: Thinopyrum A. Love, is one of the more widely used wild resources in the genus Triticum L., and
an important donor source in wheat genetic improvement and germplasm innovation. The creation of Trititrigia
Tzvelev began in the 1920s, which refered to the introgression of chromosome or genome genetic components of
Thinopyrum A. Léve into common wheat through distant hybridization, including Trititrigia Tzvelev (partial)
amphidiploid, alien addition line, alien substitution line, translocation line and introgression line. The Trititrigia
Tzvelev amphidiploid (partial) were mainly octaploid Trititrigia Tzvelev (AABBDDXX, 2n=8x=56) and
hexaploid Trititrigia Tzvelev (AABBXX, 2n=6x=42). Most of the chromosomes (XX) from Thinopyrum A.
Love were mixed chromosomes (heterologous chromosomes). Since the 1950s, the distant hybridization
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between wheat and Thinopyrum A. Lve has been developed in China, which was outstanding in the research of
wheat disease resistance and the creation of new germplasm, on the basis of which a series of high yield and
good quality wheat varieties have been cultivated. During the creation of Trititrigia Tzvelev, Thinopyrum
intermedium (Host) Barkworth & D. R. Dewey and three species of Thinopyrum elongatum (Host) D. R. Dewey
x ponticum (Podp.) Barkworth & D. R. Dewey) had the characteristics of cold resistance, drought resistance,
saline-alkali resistance and resistance to a variety of wheat diseases and insect pests, so they have become the
main parent sources of Trititrigia Tzvelev and had the widest range of application. This paper summarized the
research progress of the creation and application of Trititrigia Tzvelev from five parts, in order to provide
scientific basis for the research and utilization of Trititrigia Tzvelev and the innovation of wheat genetic resources.

Key words: wheat; Trititrigia Tzvelev; Thinopyrum intermedium (Host) Barkworth & D. R. Dewey;

Thinopyrum elongatum (Host) D. R. Deweyxponticum (Podp.) Barkworth & D. R. Dewey ; hybridization

NS EEE AR R Z—. A 2014
30T IR /N A it A e R TAELOR , FRERE & —
T P PL BN S AR = T NEA K
2021 - FR E /N7 Pk 1.34420, 1 2020 4R350 T
258.9 J i (http . //www.stats.gov.cn/tjsj/ndsj) . ZR T,
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HoacH B, % TR E DY IR
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YR N IR = Aw o b A b = BaspAN 1 VAN (25 58
AARRRE . (AR AR N 5 Hh (AR 22 B4R 2
BN B AT AR/ MIE A2 8704-1-89 ,363-1-2112), TIj ¢
PR SR EN A 2R B AR RE RS 4y BEZ FHHDH: B
REAE AR &t A POt R
iz /INFZ [v] DU s AR AR 32 4258, B 1 7S A A

fEZZ 8801 18802 FHMRHLRE , /0 v- B M TG T
R JE 2 A SR B (e PR, 45 S35, R ik
HEABE =&, SPUsim . oS, HAH
8801 BTl i) 50 MTA= 2 , 0% FE KL 2 I HH 0 4545
o NI, A AR IMIE S NERHE S AR 5 A TR
e, PRI, W N LA A IMEZZ
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Table 1 The disease resistance, characteristics and genome composition of wheat-Th. elongatum (Host) D. R. Dewey
R Pt kg H Ok B AR AR UNAERA) S 3k
Name Number of chromosomes Disease resistance and characteristics Chromosomal constitution ~ Reference
/M 693 Xiaoyan 693 56 BN S BAEM 40W+8J+8J° [34]
SS156 56 BUBBER IREEIG /N Bk 42W+14E [35]
SS363 56 PR BES TR B 40W+14E+2W/E [35]
SS660 56 BB IR 40W+16E [35]
SS5 56 RS BET IR N R 42W+14E [35]
7430 56 i35 40W+10J5+6] [36]
/M 68 Xiaoyan 68 56 U5 — [37]
/)M 784 Xiaoyan 784 56 PR W FHEIN 42W+12St+2E° 5 E [37]
/IM# 7631 Xiaoyan 7631 56 A — [37]
/IMIZ 7430 Xiaoyan7430 56 AR 44W+10St+2E [38]
1148 TE19 Shannong TE19 54 P SR 40W+4St+8E* [39]
1114 TE20 Shannong TE20 56 GaE IR AR 42W-+2St+10E+2E [39]
114 TE122 Shannong TE122 56 G VR SR 42W+2St+8E*+4E° [39]
BE-1 56 BGOSR, A 40W+16E [40]
40767-2 49 PRz w8 35W+815+6J/1° [42]
OK7211542 56 PN SR BN EER 38W+8J+815+2W/J [41]
PWM209 56 YU/ 5B, So s 5 37W+9J+8I5+2W/J [41]
ORRPX 56 Pi/INZE SR BTG B 40W+8J+8J° [42]
PWM706 54~56 YU/ 5B , S 5 42W+(6-8)J+6J° [42]
PWMIII 56 PN SR BUAE MR, o M5 40W+10J+6J° [42]
Agrotana 56 BuAErH S FE AR 40W+8J+8J° [43]

—FIR ST W TR/ N Qe R R R BIR ) B s O Fon B BRI A A B BRI R TTRE; T A

— means the original text was not provided; W indicates the wheat chromosome;/ indicates the translocation chromosome or substitution chromosome ;

() indicates the number range of chromosome or the type of chromosome; .

indicates a possibility; The same as below

R2 NE-HEEEZER (Y)W EEEEHFR R REREAER

Table 2 The resistance, characteristics and genome composition of wheat- Th. intermedium (Host) Barkworth & D. R. Dewey

HFR PRI ¢S] oI B R o Yo R L KA 1l E =P
Name Number of chromosomes Disease resistance and characteristics Chromosomal constitution Reference
11 Zhongl 53~56 B 42WH2St+415+41+2W/T [44]
2 Zhong2 53~56 PR 42W+2St+415+41+2S/1° [44]
f 3 Zhong3 56 GEERRI , P R 42W+4St+4T5+2St/St/I5+2St/J+215/15/St [44]
4 Zhong4 54,56 GoPE TN | P A2W+4AStH4I5+2SYI5+2St/St/I5+2St/] [44]
15 Zhong5 56 PETIR , PRI A0W+4St2J5+2S/ W-+2St/I5+2St/St/T5+ [44]
2St/I+2W/JS
TAF46 56 RN SR BRI PR W 42W+6St+8E(J) [20]
78829 56 VIR K 42W+6St+4St/I5+2)/15+2)8 [21]
TAI7044 56 KR4 42W+6St+8E/J [22]
TAI7045 56 FEPUINEZ U A5 SR 42W+8St+4I5+28YI [22]
TAI7047 56 EYUNE BB A 42W+10J+215+2St/I5+2St [22]
TAI8335 56 (SRR RS S NS ] A2WH2St+6]5+2]+4SY/] [23]
89074-1-1-1-1 54~56 GREAI | R — [24]
SX12-787 56 PR f R L, SRR A AR A 42W+14(St.J.1%) [25]
0, ZAEAE
SX12-480 48 F U AR L, PR A A A Ak 32W+16(St.J.1%) [25]

L, 24
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*F2 (&)

E4) Pt fh%H SN H ISR PASSRENAERA)3 E =BT

Name Number of chromosomes Disease resistance and characteristics Chromosomal constitution Reference

SX12-1150 56 T PIIMEE f ALk . JEF R O ge Lk 42W+14(St.J.J%) [25]
ZARE

SX12-1269 54 PR AR L AR I AL L, 42W+12(St.J.7%) [25]
ZAE

1114 TE253-1 56 BUrkg LR A2WH2StH+8I54+2]+2]1/St [27]

Shannong TE253-1

14k TE257 56 BUETHR S5 42W+2St+815+4] [27]

Shannong TE257

1114 TE346 56 BUrke AT 42WH2St+815+4] [27]

Shannong TE346

1l14¢ TE256 56 o FVRBYR , B LA R A2WH2St+8T5+2T+2T/St (28]

Shannong TE256

1Lk TE259 55,56 o s IR AR 42W+2St+8]5+4] [28]

Shannong TE259

114¢ TE261 56 GE VR 5, LA R 42W+2St+8)5+2J+2J/St [28]

Shannong TE261

114k TE265 56 HRE TR 24 A2WH6StH4I5+21+21/St [28]

Shannong TE265

114 TE267 56 BUEHR SRR 42W+4St+1015+4] [27]

Shannong TE267

114 TE262 56 o e (TR AR S A2WH2SH8IS+2J+2)/St [28]

Shannong TE262

1L TE263 55,56 ol IR AR 42W+2St+8J5+2J+2J/St [28]

Shannong TE263

1li4¢ TE267-1 56 TPHLTRR SRR 42W+2St+815+4] [28]

Shannong TE267-1

114€ TE270 54,56 G ORI AR50 42WH2St+815+4] [28]

Shannong TE270

14¢ TE274 54,56 TR SR S R 42WH4SEH6J5+4) [28]

Shannong TE274

11142 TE261-1 56 BB A 42W+2St+2J+815+2J/St [31]

Shannong TE261-1

1114 TE266-1 56 LB AR IR A2WH4SH2J+615+2]1/St [31]

Shannong TE266-1

1114 TE346-1 56 BB S A 42W+2St+2J+815+21/St [31]

Shannong TE346-1

TE-3 54~56 PRSI R SO | R A2W+8St+4I5+2J+21/St [32]

TE1508 54 EPLIETB AR A SOk 40W+8St+4J+21° [15]

114 TE266 54 G R T PR 42W+4StH6J5+21+21/St [28]

Shannong TE266

HS2-2 56 LR, SR 42W+10J+4(StE J%) [33]

HS2-4 56 BUAREIR , SR 42W+10J+4( Stk J%) [33]

HS2-5 56 BUIREEN , = R 42W+14] [33]

HS2-14 54 BUIREER , = 42W+12] [33]

HS2-16 54 BURAER , = 42W+12] [33]

2 IMEERMMER

AT/ IMIEZE () XA AT 5, /M AZ S5 f

ImE AR H (1 R M R AE A7 S TS
L 5 o TR T Il A B R FR

INAT A /M Z2 BB R A 5 3 1 /N 22 2 52, A il
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H— RGN - aEE R R IR (F3) . HE/N
UKAZ (/NZZ - B2 50 SN R L 55— & TAL-L R
G, K TAL-1I~TAI-17 , MBHEAS S v 2, BT 58 R Ay
B 1S (G /NE) 256 —F TALL R 41, 4
TAI-21~TAIL-27 A H 3 4 v 5 R /N2
W15 B 149.3B-24%, fEULIEAE b, W E AL
JT PO /N PR AZ 32,3335 45, JF KRN RRAfE ) Fh
T, R S 588 /NAZ 2 A8 A B BT E R
BRI 2R Z4 , BRI B — X o ) Al 2z B g e 44 A
RENPIPUAT 0 G50 FIAT G5 L A, FTH

W4 5350 /N B 169 2458, ik E 3N A T
A5 I /N - v (B ME 27 B AR I &R AL A2,
A3 I P ERA [ 52 3, ) B gy ik 4k 5 v 2 2
22, AT B A% 55 9% A B i &R Linel | Line2.,
Lined™ ; ABTEEMA S BEAS , 4 S ACA 557 H 74
AMIERZ Z ARSI , Horb St3 . St5 . St7 X — 2L 554
/NI e [FAE R BB R 5 b 4
ZeA8  HRAG T A A 1N TSt YL AR () /N - v [l {2 22
T ARE N R ES-24, 75 A AR 2 B S B AR
B

®3 IMEZRMMARIFIERFSSHMEEERFKIER
Table 3 The disease resistance, characteristics and additional chromosome sources of wheat-Thinopyrum A. Love alien addition lines
Rt H . SN IS E RIS RN e fA R D5 . .
aw Number of %ﬁ% Disease resistance and Additional S30K
Name Pedigree o Reference
chromosomes characteristics chromosomal sources
TAI 11 44 gL = MR/ ZERF RN RPRLIEE AN ra) {2 7L [15]
KA
TAI 12 44 T 2/E 1S BN R O APRLA I A B [15]
HHE
TAI 13 44 T 2HTIEE 1S /I, KGR0, ZEF P4, o R B [15]
R TIRIS
TAI 14 44 g1 S AR YNNI Y/ Sue Y | rpnlE Rz B [15]
HAT B
TAI 15 44 th2E 1S iR 2N IR R, TR, rhEE R [15]
LT
TAI 16 44 Hh2GE S R MRS 28N ST, ZEFFAN, ) flE 27 5 [15]
YN
TAI 17 44 hopEEE 1 MRS, 2R NS I T rh e B [15]
TAI 21 44 r4/8 149 B A B, #i5E R ra) {2 7L [15]
HZ4E
TAI 22 44 Hr4/8 149 BRI R 2 W TR, ra) g 5L [15]
FERL/N
TAI 23 44 WSS B, ORI /N ZEFPA rp Rz B [15]
faTs
TAI 24 44 o SRR 1S MBS B, 154 R v a) I 7L [15]
TAI 25 44 #13/3B-2 UM L 20N ZEFT A BN r ]l 27 7 [15]
TAI 26 44 #13/3B-2 W R I LA ), B2 r ]l 27 7 [15]
TAI 27 44 #13/3B-2 ROLRIR, P I;:;ZJ\ AR, rh HMIE A B [15]
74 44 $67107/% 5 ISR TN L T  FTEE rh A2 7 (St) [51]
Al 44 w4785 169 VLRI B BT r ) {22 7L [52]
A2 44 h 4/84 5 169 LRGN Fp el [52]
A3 44 H4/87 8t 169 LA e E A B [52]
Linel 44 B flegAc /v 2 VLAY R ) flE 27 (53]
Line2 44 Byl fetde /v 2 AR rf ()l 7L [53]
Line4 44 BTh e td v 2 BRI rhin){E s & [53]
St3 44 Byl fetde/ v 4 Yo A rh )l 7L (St) [54]
St5 44 By gtk /e 4 ERES S7 rh {242 5 (St) [54]
St7 44 BBt/ o 4 A HhiE 2 7 (St) [54]
ES-24 44 Byt / e 4 SRR hiAMEZZ 5 (7St [55]
L1 44 IINZ v [ {7 HURR rra) I 5L [56]




92 Mo o e v O % W 24 4%
#z3(&)
o POcr~ g8l it . ?ﬁﬁﬁ&ﬁ,ﬁ Wﬁul{é@zﬂ%?ﬁ P
Name Number of Pedigree Disease remstfm.ce and Additional Reference
chromosomes characteristics chromosomal sources
CH366 44 TAI7045/ 38 /N K 170 PTE S S rhaE 2 A [57]
TA3681 44 W N7/ A MIE 7 B iR S y] rp M EAZ H(1St) [58]
CHadd7001 44 TAI7047/7% K 170 oI IR Hh ) {27 7E(J9) [59]
CHadd7002 44 TAI7047/% K 170 SPE TR rhREZE 5 (I9) [59]
910180 44 1 5/PH85-4 PSR VR AR T rh g2 A [60]
P
DALG66 44 JHAe 15/Fp s 7T =R ip] Hp ez [61]
11-1-7-1 44 AR 15/Hp [l IE 2z B =k vip] HHEEA R (E) [62]
11-3-3-2 44 AR 15/Hp alIE 2z B EAEE i) HhEEZZ 5 (E) [62]
E99015-8 43 AR 15/Hp [l {IE 2z & Bk rha{EZ #(E) [62]
E99009 44 AR 15/Hp [l {IE 2z B BrE SR rhREZE #(E) [62]
E99010 44 AR 15/Hp ez i Bk hREZZ H (E) [62]
E99006 44 AR 15/Hp )l 2z B Bk HhREZZ E (E) [62]
Linel5 44 HHA 15/Fp Il lE A B GPE IR rh g2 [63]
114 120211 44 AR 15/Hp ) 3z B GoPE VR, i HhREZE E (2E) [64]
Shannong 120211
SN6306 44 AR 15/Hp [l fIE 3z i i R R (D) [65]
076 44 %8 7107/ L1 4 iR S rh g2 [66]
AF2 44 JIZZ 107/F ) I8 52 55 GoPE SR LI R R Hp ) I3 7 (E) [67]
AF3 44 JIIZZ 107/H Al 27 B SEFT rh Rl ZE B (St) [67]
CI 17881 44 CI 15092/Hh A {lE 5 & iR BEm rhRMEZE L (I9) [5]
Du-DA3E 30 Langdon/8801 T EIRK DU K (A 5 (3E)  [68]
Du-DAG6E 30 Langdon/8801 FEE AU, NI . R PSR K EMEZ R (6E)  [68]
B
1-27 44 et /N R AR K 2 B Bk TR T A R [69]
1114¢ 87074-519 44 RRCUNS NSV GESTR TR EEZE(S)  [70]
Shannong 87074-519 ST RE 13
87074 44 /IME 86083/ 5 13 YU TR R B TR AR T A 7 [60-71]
913267 44 /IMIE 7430/ 244215 VLT R TR T A 7 [60]
93506-2 44 /M 69314557 55 YU R LR AR A 2 [60]
913099 44 /M 87224/1114 47 63// PSR PPUOR JEFF o TR R KR [60]
a8y EI
30201 44 /IMIE 74302 415 PSR YRR PR TR T A 7 [60]
JEFF
WTA55 43 /IMIZ 7430/3//M1% 81 iR S A AR 7 [38]

I FH 7INAZ - v [l g B 43 W AR 5 3 3 /s
F2 AT, B B BT S B0 R 8 A 45 0 e B
TNZR L1 Hr 2850 fHin 2 CH366° \ TA3681°,
XF 1R s G 928 11 05 G o 44 5 B i R CHadd7001
CHadd7002">", DL K et 2559 A1 1Ry s 1) S B
£91018014%:

PUARAR 15 5 rh {2z sl \ A A/ IMIE 272 4532
JeJaEE BB 9 56 in & DAL66 !, 11-1-7-
1.11-3-3-2. E99015-8 . E99009 . E99010 ., E99006''
Linel5'®, DL it £ BN & 1114 120211 Fidr 5
SEBRINZR SN6306' (% 3) . ILAb, 7E38 38 /N A2 Al
[ B 258 S A iR & BN SRR

SEBINZR CO76') % PRy R B % 5 e 2 174 B
T & AF2 FUEFT 19 AF3'7) L KAty A Hp el fig 42 % IS
Yefa iR 4A#2 HIPTIR PO B R CT 178817,

FE /N K R A7 R 2 A 2 A, A
JHEE I TR AR R A LA S il 2R Du-DA3E DA Bz /N
2 TR SR SN 2R Du-DAGE ™ & 1
BB 95 1 S BN 28 1-27%°7, BRHIm 1 %o i 2 2
St et IR i BT 25 5 0 S B I & 1Lk 87074-5197,
L K 70 45 55 5 S B & 87074913267, 93506-2 .
913099 .30201'“ FI WTAS55"%,

SR E , /IMIEZZ B0 R e B Oy T R AL
St BN T YU A AR, o IR BT
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L2 IR (R 3)

3 MEEZERKIF

AIMIEZZ SR R Al 22 0 AR /N2 B B R T
T, F2 R VR e R B IR B . o,
VR T Hp A 22 B A RALEE P
E99018"% 1114 0095 1 SN0606'" ' \CH-9916""", 4
FEEEIA IR 0 5 A U4 3R CHOS-1417 Fl/NEEER |
TRLFEAL T 26 A CH188™!  Fi R i At &

x4 MEERRBRAETURE RS R FINRREESEIR

721 SRR TR AR B A R A L
TSR 1) 504 2 Du-DSI1E(1B)' | HA7 i i sl e
P B W kL S S 2R 58 Fi 4 AN &R
Ji806, Jis07 £ Ji859'"7* | Hiy MR BE 5 5 1L i £
SS76778 BT 1R 9 1 1L 4R 87074-551 . 1114k 87074-
526 Fl LA 87074-557 70 47 545595 i 6J°/6B AL
i 2R X005 FNHT 55 955 19 1391B XK S+ AL 4 &
SN19647"", FeHT Ik s F 25 559 1 177/1D AUA 55
RIZ CHI0AS ™ (F4) .

Table 4 The disease resistance and characteristics of wheat-Thinopyrum A. Live substitution lines and source of alien chromosomes

P Ptk H it ' %ﬁﬁ‘ri#*#“ﬁ %/}?;’%éﬂx;kdﬁjzmﬁ P
Name Number of Pedigree Disease r651st-an.ce and Alien chromosomal origin or Reference
chromosomes characteristics locus
E99018 42 JHAR 15/Hp Rl Bt ke rhRE S B [62]
1114 0095 42 JHAR 15/Hp Rl 2 B PSR rhRllE R B [71]
Shannong0095
SN0606 42 A 15/7 [l {2z 7 [SEiA=E ] EHEIl2 3 [72]
CH-9916 42 TAI7045/ 538 /N & G50, i FRR IAER 5/2D [73]
CHO8-141 42 TAI7047/% K 170 U L rhEZZ R (1/B) [74]
CH188 42 TAI7047/% K 170 IINERESC TR BT R TR A 6t/ ]I 27 B [75]
72 42 587107/ 5 BioR B rhREZE 552D [43]
Du-DSIE (1B) 28 Langdon/8801 AN NTGEADN FE A KA E A B (1E/1B) [68]
% 58 Blue 58 42 /N A R Wil TR KA 2 7L (4E/4D) [76]
Ji806 42 1187050/ Nz - A il 57 Pt NRINN IS [77]
BRI AH AN R 693
Ji807 42 Ji87050//NAzZ - A K Rl fIE 2 Bt A AR TR 7 B [77]
B WL AR A 3R 693
Ji859 42 Ji87050// Nz - A AR Rl Sz B RR VSR [78]
RO A A 7 693
SS767 42 Wil /NAZ SacT5//Sol /K REAE HUARBEs TR TR A 7 (4)/4D) [78]
#i//Leapland/Meister
amphiploid wheat/rye Br215
114k 87074-526 42 TR B 55 GPE VR AL A A T 2 [79]
Shannong 87074-526 rrg 13 B
114k 87074-551 42 TR T A R 55 YRR RIS e [79]
Shannong 87074-551 W 13
1114 87074-557 44 TR AL 2 5 57 5451/ AREARE R S T AEE 5 (2B/2E ) [80]
Shannong 87074-557 rRg 13
X005 42 7430/ %38 /N A SRyt Hh a2 T (65/6B) [36]
SN19647 42 J\AEIAR/IMEZE SNTE20/55 % 22 BB R HhE{EZZ R (115/1B) [81]
CHIO0AS 42 W /NFE 7182 Rl A BLEVRHG 5505 TR AR E A R (1]S/1D) [82]

4 IMEZSH AR

M 55 31 78 26 3 i /A /M 15 95
NI AT, BB ZE UG Iy T, WL VR0
o IR AR SR ORI, It

5 A Hp (RMIE 22 R AL A 1 2 N R A R 6 2
Tl T i ELAT 0 1 T3BS - T 5 457 % v 10-1497
PUERG 5 L 28 GP14312 | X6 MG S e 1 5 o 2
YU25' Gifi 2 AF-1'" 44 A/E Fil A/St L [F 41 5
BL R HLAR S 5 L R 2 27 B A B0 o 1F



94 N7/

O ¥ iR 24 %

Z ZH811'™  WTT11'™' | TA5566 F1 TAS567"°% 4
WS F W FEATRL G T 5 T b 5 /A2 SRl 8 e
459 i R CH4131 F1 CH4132 vhr , o ] {2 2 21 Yy
AR F BE G i B/N22E 1BS A, JE i T3Ai-1BS.1BL
gk by I BT 2% 45 0 L IR YrCH-1BS 6 B 0] {2
Az BT

WA TR st A M 2 6 &R L 7
A R E ORI &SR i/ IME 6 5, T
UM MG : XN SRR A TR A /N AT
TEATL I 1Y 4DS/4S Gy i & GDR1-8; %if sk B Hi Pk
P4 509,511 F1529, 3% 3 93 RHE 7E YL (i
T AR A R DR [ i A HGE 1) Fhb 7 SE R TR
PO JE 95 19 W 7 BRI &2 61 &R 54-40-2-5-29, Hip g
WX & 2 e e iAok A AR R A B )
FPREZH S F380 A DU A AR A7 Bisi i 1
ST 5y 0 7 Du-T1AS - 1EL /N 7 etk
WFFSRAL TR L o

5500 B2 AL, B B TR A AIME S #1is R
ELAG A FHAE , F2 50 HBR T Bt R 254590
PIGR A T mban &5 B 3L 8 ) & 2
W F G0 ZA KL 8 KRB 22 Fs L o 1 i
B ZAM B T R TS R 118 112 11-1-3"Y it
EIRHTE R 31505-1 A BLFTURYRIER Pms 19l
LA G ILA Yr69™ 1 #1152 7 CHT7086, 7 4 Bt I
K99 3L R PmSN0293 #7522 SN0293-2 Fl1 SN0293-
75 AT Hh R 2 B s AR LA S R M R
5 HUEBE ST TS &R CHS382" i A it
IR B ) Pm40 B2 2 GRY 1977 il A 5L A
S KK Pmd43 (5 2 CH50251Y A7 0 10 e 4
PmCH7124 W75 2 CH7124") 45 4 L F B s
LK PmL962 HIME 22 L9621 i A Pt 45 5 L 1A
Yr50 BHE & CH223" A A B A5 2k A YrL693
(T2 3 L6931, LA Ky HAT Tt AR W38 () 912 3
ik 304120(%5)

x5 /MEZESMR.HZROUFRERE S MINEL BERIRSAL R

Table 5 The disease resistance and characteristics of wheat- Thinopyrum A. Love translocation lines and introgression lines

and sources or loci of alien chromosomes

s POariN el =ik ﬁfpﬁﬁ&%ﬁ %m;@@w&mﬁsﬁm - P —
Name Number of Pedigree Disease re51st?1n?e Allen- c-hromosomal Type Reference
chromosomes and characteristics origin or locus
F110-149 44 Shen 373/Zhong 5//Zhe 2463882 PR ST 3BS/J VIVES [19]
Zhong 10-149
GP143 4 JHAR 15/v )l 27 5 HUEHIR SRR r i) flE 22 R Gt 7 [26]
YU25 42 TAI7047/)11£ 107 ST TR rh g2 H VAVER [83]
AF-1 42 JIZZ 107/Fp [ I e o e TR B 5L VAR [67]
Hig27 42 We3m NAE /A 4 ARSI A/E . A/St VAR [84]
Zhongliang 27
ZH811 42 (/v aE 22 ) 15 22 33/ SRy 5D/E° VIVES [85]
I 4133
WTTI1 42 /IMIE 343//|M12 78829 S5 rhREZE &/2D VIS [86]
TA5566 4 /N /M R U 3A/7I8 i [58]
TA5567 42 il /N /P AR R U 3A/7F VA [58]
CH4131 42 CS/Z1141/Taichung29 LA 3Ai/1B VAVES [87]
CH4132 42 CS/Z1141/Taichung29 Ei% 3] 3Ai/1B VIVES (871
/IME 6 42 Ll /N R A R 5 U AR Rl U IR [88]
Xiaoyan 6
GDRI 42 /IMIE 2798/ (BRAIE 225/Y98206) i 4DS/4St VAVES [89]
GDR2 42 /IMIE 2798/ (Bf) 225/Y98206) B 4DS/4St U IVER [89]
GDR3 4 /IMIE 2798/ (Bf) 225/Y98206) UK 4DS/4St U IVER [89]
GDR4 42 /M2 2798/ (BA) 225/Y98206) A SN 4DS/4St VA [89]
GDRS5 42 /IMIE 2798/ (B4 225/Y98206) i 7 4DS/4St YA [89]
GDR6 42 /M2 2798/ (B 225/Y98206) Ei% 3] 4DS/4St S F [89]
GDR7 42 /IMIE 2798/ (BA) 225/Y98206) U 4DS/4St VIVES [89]
GDR8 42 /IMIE 2798/ (B4 225/Y98206) i 7 4DS/4St YA [89]
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F5(48)
o Yo A H i ﬁfpﬁ'rﬂgﬁﬁ %i)ﬁ:‘ﬁ’kéﬁiﬂé%ﬁiﬁﬂi oy P
Name Number of Pedigree Disease re51st.an'ce Ahen. c'hromosomal Type Reference
chromosomes and characteristics origin or locus
P4 509 42 /IMI 693//|MIE 597 Wi 7E — (2]
Xinong 509
P4 511 42 /IMIZ 693//|MI2 597 Wi 7E — (2]
Xinong 511
P4 529 42 /IMIE 693//|MI2 597 Wi 7E — (2]
Xinong 529
54-40-2-5-29 44 P E R AR AR B PR , Wk AR AR 27 R VIS [90]
%Ak Agrotana
Du-T1AS- 1EL 28 Langdon/8801 EIREIIIN A A A Ve [68]
(1E/1B)
11-1-8 42 Wesm NAE A itk TG AR AR 7 R Wz & [91]
KAt flE A A
11-2 42 Hesm N AR itk AR AR R Wz & [91]
KAl A
1I-1-3 42 Heim N AR ik A AR A A R R N [91]
Kt lE A A
31505-1 42 Wi/ AR EIRETIN AT AR AR A R RZ [92]
K EE A
CH7086 4 Wil PLOoboR AR AR RZ N [93-94]
K EE A
SN0293-2 42 SNTE20/Jimai 22 BL AR BRSNS Wz % [95]
SN0293-7 42 SNTE20/Jimai 22 B TG AR AR R s & [95]
CH5382 42 Wi /NFE I TALT044 BB SR B0 rha] g2 A R ES [96]
GRY19 42 T /Nl B B 5 ERZEN [97]
CH5025 2 Wi/ A E 2 ke H i) flE 22 FE ERZEN (98]
CH7124 42 /IMEZ TAI8335/% % 33 Btk r i) flE 22 7L R A [99]
L962 42 MY11/YU25 BLES r i) flE 22 7L ERZ A [100]
CH223 42 Jinmai 33/TAI7047//2*Jing 411 YL Hp e {lE Sz ME R [101]
YrL693 42 MY11/YU25 Eii% 350 H ) flE 22 R LR N [102]
1114% 304 42 HAA 15/ i)l i [ERiR0: H ) {27 R Wz & [103]
Shannong 304

5 ERSRE

2SR RN SIS RIDE - DI ibun s &/l
Qe R TRETBe, Q1 AR 7 M 4 5 945 28/ M
22, Herp /AR /IMIE A GRR 20 A A7) A/ M A2 5
(INIESEEMPUSre- 2/ N 7S A PN o]
SACEAR A FE B A ARl N,
INZE AR TR R TOR B AR TR R A
o, i [ B A BT AR BT AR AR R 166, AR
LT LR B B N/ MR /Mg B
825 RS , o BN RN A2 B A Sl e W b e A
INAE AL B IR AT R I RIAER . AR, i TR A
J R DAL/ N A FE D B S 2 PE RN ol 3 B

AR R R, /N2 5185 R i A QR B A
T T —SE PR A8 — 57T, /)M F9 0 ] 3 A
BAEGU 7 AL, /M 0 S ol BB DA 7 1T Y
RFE G AT 00 A R Ul W] /M 22 14 28 7 R
) A2 B —  THI X BT IR0 14 A )7 5 BN B A 5K,
BRI SK , /MIEZZ (1415 7 5w Rz B LS 1 A
Rtk o ETE T PO AR [) Ao 51 BT i £ {1 A2
(1 HABE 2R MR, R A L e AL
WS R, QIR AR S TE I S RS R
15 189 /IN 2 B 5 TR /N2 5 HR A L AR A
JEARIREA T RE 1) e, Bk 7 S B SR R T
LTRSS . 5 — i, /IMEZ B T B2 At
TEFI1.0-2.0" 7, B BRI L 7 el , (45 IV



96 LN 7/ G N A G S 24 %
SE AR A B TR A o [R] Bt T s 2% 2 amphiploid. Scientia Agricultura Sinica, 2017, 50(20) : 3908-
A7 A A AR S T B A R T . 3?125; W R s B S T

TN . ey 3 XURG, P, VEGER, B0, B, W, XI&E, 42
fLge iy St e 7 T BAE AL I R B St G AL s I K FL
: e L L Sz D - KA, - MLIKR N LS
XE LA ;ﬂﬁ%rﬁﬁ]\$ﬁ s Mﬁﬁ%ﬁiﬂézﬁ% E@Egiﬁ’fg Liu C, Han R, Wang X L, Gong W P, Cheng D G, Cao XY,
T NI, At AMIESE JE A 5 T 2 R 3[R 15 Liu AF, Li HS, Liu J J. Research progress of wheat wild
E{J%gi jl%ﬂﬁiij:%%ﬂ L__L]g E , %*E ﬂ]%*ﬁﬁg ZQ%AH: hybridization, disease resistance genes transfer and utilization.
ARBEAOEIA, DL GG ROMRIEA Gy, S et B0 T TS
NN - . N CIIAN JINZZ R T I Y B i A 2 Y . MG RS
Pol i g 1 SR AR R A PR R TR USRS ’
. o . MR /RN R, 2017
M/ M) AN —_—
H ﬁpﬂ(:l: ’ /[ﬂ‘IE H E/J\ﬂgiﬁﬂ:jl‘ E/‘JE‘QZ °© Zhang J. Molecular cytogenetics of six new spring wheat
H ﬁﬁ s éj\?/:t%% \%éﬂi \iﬁ%fé/%%ﬁ% germplasms. Harbin: Harbin Normal University, 2017
Wk | 7R A AL B MR RTHE T, 520 [5] LiHJ, Arterburn M, Jones S S, Murray T D.Resistance to
%ﬁﬁ* %:fjf/?t‘ ﬂﬂ SLAF—seq &7&{1041 SNP I—E';}_JIJM eyespot of wheat, caused by Tapesia yallundae, derived from
A X {17 o A 11 R PR 4 3R R R O R ﬁ"""” o "";imeﬁ”;’"Gh"“:_"e"kz’izzs frl"l‘g‘ ;2;";‘;5"“'
eoretical and Applied Genetics, s :932-
NETE =) SR Wy o B3
Ao TR/ IMIEZZ IS S R 0 260 FORU D § 6T [6] LiHIJ, CuiL, Li HL, Wang X M, Murray T D, Conner R
(342 . F I ND-FISH F1 Oligo-FISH A A% fffi 1H 5] L, Wang L J, Gao X, Sun Y, Sun S C, Tang W H.Effective
/. J \i' FP I‘ETJ {E%gﬁ {T/:-E}ﬁ 'fJﬁ E/‘Jg% @ﬁiéﬂ };&&Eﬁ I;,21 ] . resources in wheat and wheat-Thinopyrum derivatives for resistance
WoT R K BER B = Phil ZERAY ST 4| to Heterodera filipjevi in China. Crop Science, 2012, 52(3):
A7 134 MBI AR 78 AN, K 12091217 | | |
ﬂgi E il /J\i E% S0l 7J(X|Z‘J: %% W ﬁﬁﬁ% B/‘J ;@é N [7] LiHIJ, V‘.Ja.ng X M. Thmopyf’um ponticum and Th. éztem.edlum:
105 ﬂ:‘ljﬁﬁfﬁzbéj‘: " @12]&]:%”&7& éﬂ:AﬁQ [N The promising source of resistance to fungal and viral diseases
I‘i © L ES s THH A ’E%ﬂ of wheat. Journal of Genetics and Genomics, 2009, 36(9) :
Mr-Be, CHH5AT Fho7 B H i Rl 22 R e (R 557-565
O A BRI NE SR TR NE VR E R B A EL [8] LinZS, HuangD H, DuLP, Ye X G, Xin Z Y. Identification
X%Tij(%@zil%]o Hﬁﬁi{%ﬁgﬁi@{@%ﬁ . ;:PI‘ET”E of wheat-Thinopyrum intermedium 2Ai-2 ditelosomic addition
i g = % ﬁi T % i E"JU“'J J?%H il % i i /J\ i % 20 and substitution lines with re(sis)tance to barley yellow dwarf virus.
- R Plant Breeding, 2010, 125(2): 114-119
TR = HOB 5,4 127 3 D5 2 AF 5 B BT B
b5 % = EI Hi A j:; ’ ﬁn/\ Tz /Eﬁﬂ: GEH B [9] LiH1J, Conner R L, Murray T D. Resistance to soil-borne diseases
’ﬂ;’q ’ ﬂi;’éf@gﬁ/‘]ﬁﬁﬂﬁ/\m T&/\@Ji;@’ﬂf%%éﬂﬁﬂ: of wheat: Contributions from the wheatgrasses Thinopyrum
?‘EEF' ,ﬁ%ﬁkﬁﬁﬁé\ﬁﬁ%fﬁ %&i%&%nﬁjﬁﬁﬂgi intermedium and Th. ponticum. Canadian Journal of Plant
B g L R R A 2K Science, 2008, 88(1): 195-205
Bt AP B R LA R A A A A [10] USSR, ERA BRI, W74 N R AT R
. o 2 s - RS - LRI iU~ F SSRFRIC S E . 2 AEY244, 2013, 33(3):
A T A A SR BT TS o AL PRSI, SR Y
Liu ZY, Wang CY, Chen C H, Ji W Q.Cytologic and SSR
Sk identification of derivatives from wheat-Thinopyrum intermedium.
(1] ZH, B2, . SRR SR A2 MRS AR K5 Journal of Triticeae Crops, 2013, 33(3): 435-439
THAIDT. AISYEIREAR, 2021, 36(6): 1381-1397 (1] 9, SR, LR . BB R, KRR BT,
Luo X L, Yang R, Xu Q. Spatial mismatch evolution of global PR, ASHTE , BRAE R o Al 2 A R I L % AL 4
population and food and its influencing factors. Journal of HRBFIEHEIR . RO IR, 2020, 21(6) : 1385-1394
Natural Resources, 2021, 36(6): 1381-1397 Jiang B, Zhang S X, Wang H, Shi Y, Li Z Q, Zhu L, Song
(2] XUpife, T, Ame, XUESE, HOoRpE, PREIR, JkocHT, W F, Yang X F, Song Q J, Li X L, Zhang Y M. Genetic
KA, ERA, R, BIR, W04 N - A improvement and genomics-assisted breeding of the germplasm
BB B A B A RN R AR I 19 03 4 R AR resource Thinopyrum intermedium. Journal of Plant Genetic
£, 2017, 50(20): 3908-3922 Resources, 2020, 21(6): 1385-1394
Liu XL, Wang C. Niu L H, LiuZ L, Zhang LD. Chen CH. [15] iy, 4sfili /MBI S50 o A REAE th

Zhang R Q, Zhang H, Wang CY,WangY J, TianZR, JiW Q.
Molecular identification of FHB resistance gene in varieties

derived from common wheat-Thinopyrum ponticum partial

JAk, 1994 46-47
Han F P, Li J L. Cytogenetics of trititrigia. Beijing: China
Agricultural Science and Technology Press, 1994: 46-47



144 FREETMESE « /IMIEZZE (RN B g FAR T 0t e 97
[13] PNEERE . BRSZR . dbat . rhEgOl B, 2015: 37-46 Journal of Sichuan Agricultural University, 2000, 18 (2) :

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

(23]

[24]

Sun S C. Pursuit and exploration. Beijing: Chinese Agricultural
Press, 2015: 37-46

2R, XU, R, kR, BRT, ﬁ?&¥ X &5
INEIER AR BUIR SR . b A2 B BT, 2018, 33
(9): 909-914

Fu X D, LiuQ, Li ZS, Zhang A M, Ling H Q, Tong Y P,
Liu Z Y. Research achievement and prospect development on
wheat genome. Bulletin of Chinese Academy of Sciences,
2018, 33 (9): 909-914

VeI, XU /INPKAZBIF 5 Il 05015 J 22 - 20 o K e L it
10 JAJ4E. %rdtJﬂijt*‘H&: FIRBEERR, 2020, 52(3): 1-13
Pang J S, Liu B. Review and outlook of Triticum aestivum-
Agropyron intermedium research-Commemorating the 10th
anniversary of academician Hao Shui's death. Journal of Northeast
Normal University: Natural Science Edition, 2020, 52 (3) :
1-13

Kumar A, Chunduri V, Sharma S, Kumar A, Kumari A, Kapoor
P, Kaur S, Garg M. Transfer of Thinopyrum elongatum chromosome-
specific 1EL. 1AS translocation to hard wheat could not improve
targeted bread-making quality-Failure and lessons learned.
Journal of Cereal Science, 2021, 101: 1-03277

V7, T4 . /N2 - A 75 2A/6St AR R 014-459 Y43
UM LA M . AR, 2022, 48(2): 511-517

Tao J, Lan X J. Molecular cytogenetic identification of wheat-
Thinopyrum intermedium 2A/6st substitution strain 014-459.
Acta Agronomica Sinica, 2022, 48(2): 511-517

H.B. 57 ZARA /N . Jbat fl i, 1982: 59-95
H.B. Q J. Perennial wheat. Beijing: Agricultural Press, 1982:
59-95

Cui L, Ren YK, Bao Y G, Nan H, Tang Z H, Guo Q, Niu Y
Q, Yan W Z, Sun Y, Li H J.Assessment of resistance to cereal
cyst nematode, stripe rust and powdery mildew in the wheat-
Thinopyrum intermedium derivatives and their chromosome
105(10) : 2898-2906
Cauderon Y. Genome analysis in the genus Agropyron. Hereditas,
1966, 2: 218-234

Yu Z H, Wang H J, Yang E N, Li G R, Yang Z J. Precise

identification of chromosome constitution and rearrangements

composition. Plant Disease, 2021,

in Wheat-Thinopyrum intermedium derivatives by ND-FISH
and Oligo-FISH painting. Plants-Basel 2022, 11( 16) : 2109
MR, WAL, FREE B B MELZ RS . A
AT, 1996, 4(2): 73-77

Chang ZJ, Hu H S, Wang Z G. On breeding dwarf octoploid
Trtitrigia. Chinese Journal of Eco-agriculture, 1996, 4 (2) :
73-77

Chang Z J, Zhang X J, Yang Z J, Zhan H X, Li X, Liu C, Zhang
C Z. Characterization of a partial wheat-Thinopyrum intermedium
amphiploid and its reaction to fungal diseases of wheat.
Hereditas, 2010, 147(6): 304-312

WA, ATIERE . S ASRFTH R /MU 22 B4k i 20 27 i
PR FIEE . O 2241, 2000, 18(2): 104-108
Yang Z J, Ren Z L. Cytological and seed storage protein analysis

of dwarf lines with wheat-Thinopyrum intermedium chromatin.

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[33]

104-108
CuiL, Ren Y K, Zhang Y M, Tang Z H, Guo Q, NiuY Q, Yan
W Z, Sun Y, Li H J. Characterization of resistance to cereal
cyst nematode, agronomic performance, and end-use quality
parameters in four perennial wheat-Thinopyrum intermedium
lines. Frontiers in Plant Science, 2020, 11: 594197
TFHENI, AEE, XURES . R A0 A% R RAPD $4 AR %658 B
/MBS & AR, 2001, 27(6) : 886-890
Wang H G, Zhu J, Liu S B. Identification of Tritelytrigia
translocation line with disease resistance by cytology and RAPD
analysis. Acta Agronomica Sinica, 2001, 27(6) : 886-890
Bao Y G, Wu X, Zhang C, Li X F, He F, Qi X L, Wang H
G. Chromosomal constitutions and reactions to powdery mildew
and stripe rust of four novel wheat-Thinopyrum intermedium
partial ajmphiploids. Journal of Genetics and Genomics, 2014,
41(12):663-666
TTHETE, BIEN)T, 4, BRI, FEE, 2R, FULRI.
AN A/ IMIBSE 14 240 i 27 0 NG G A BB . VR
%, 2017, 43(7): 967-973
QiXL,BaoYG, LiXF, QianZ G, Wang R X, Wu K, Wang
H G. Cytological identification and chromosome composition
analysis of ten octoploid trititrigia accessions. Acta Agronomica
Sinica, 2017, 43(7): 967-973

XIREES, UM, o . B /N - h ME A R A5 R
J\ﬂiiﬂ’ﬂéw/‘ L 21 WAL/ N AL T R e B N A
B A E PR AR IR 2 S8 N - Ol B
2001: 309-312
Liu S B, Wang H G, Gao J R. Identification of wheat-Thinopyrum
intermedium amphiploid resistant to powdery mildew//Hong F
Z.Prospects of wheat genetics and breeding for the 21st century-
paper collection of international wheat genetics and breeding
symposium. Zhengzhou: China Agricultural Science and
Technology Press, 2001: 309-312
M\/\J"z‘ JHENE , K&, BT, B, B, ik

. BT OB RS 1 S MEZZ 1 %58 . ZAEY)

%%Ea, 2008, 28(4): 686-690
Lin X H, Zhou Y F, Zhang Z W, Chen Y H, Ma W M, He Z
D, Wang H G. Identification of octoploid trititrigia with resistance
to powdery mildew and stripe rust. Journal of Triticeae Crops,
2008, 28 (4): 686-690
CuiY, XingPY, Qi XL, BaoY G, Wang H G, Wang R R,
Li X F. Characterization of chromosome constitution in three
wheat-Thinopyrum intermedium amphiploids revealed frequent
rearrangement of alien and wheat chromosomes. BMC Plant
Biology, 2021, 21(1): 129
WA, XA, BOE%E . —A>ZHutk /N R 22 REp R
B S . R E 2 HAARRAR, 2000, 37(S1):
20-25
Yang Z J, Liu D C, Li G R.Genetic identification of a new
wheat Thinopyrum intermedium germplasm with multi-resistance.
Journal of Sichuan University: Natural Science Edition, 2000,
7(S1): 20-25
Wang H, Cheng S W, ShiY, Zhang S X, Yan W, Song W F,



98 LN 7/ G N A G S 24 %
Yang X F, Song Q J, Jang B, Qi X Y, Li X L, Friebe B, S. Development and validation of an exome-based SNP marker
Zhang Y M. Molecular cytogenetic characterization and fusarium set for identification of the St, J* and J* genomes of Thinopyrum
head blight resistance of five wheat-Thinopyrum intermedium intermedium in a wheat background. Theoretical and Applied
partial amphiploids. Molecular Cytogenetics,2021, 14(1): 15 Genetics, 2019, 132(5): 1555-1570

[34] LiGR, Zhang T, Yu Z H, Wang H J, Yang E N, Yang Z J. [46] Schulz S J, Mcneal S J, Mcneal F H. Alien chromosome
An efficient Oligo-FISH painting system for revealing chromosome addition in wheat. Crop Science, 1977, 17(6): 891-896
rearrangements and polyploidization in Triticeae. Plant Journal, [47] Z54EWG, i, sRIER] . AN ek T . dbat . Bl2E iR
2021, 105(4):978-993 #t, 2001 : 50-60

[35] Oliver RE, Xu S S, Stack R W, Friesen TL, Jin Y, Cai X. LiJ L, QuM, Zhang Y M. Wheat chromosome engineering.
Molecular cytogenetic characterization of four partial wheat- Beijing: Science Press, 2001: 50-60
Thinopyrum ponticum amphiploids and their reactions to Fusarium (48] wshEY, 24Eim, sk A, AR, AREW . R/NE 5 R 2
head blight, tan spot, and Stagonospora nodorum blotch. I 2 R 2 A8 16 B AN A/IMEZZ 9T . B T A B2,
Theoretical and Applied Genetics, 2006, 112(8): 1473-1479 1991(2): 10-12

[36] HuLJ, Li GR, Zeng Z, Chang Z J, Liu C, Yang Z J. Han F P, LiJ L, Zhang G Y, Bai R Z, Qi S Y. Breeding of
Molecular characterization of a wheat-Thinopyrum ponticum hexaploid Thinopyrum by crossing durum wheat with Thinopyrum
partial amphiploid and its derived substitution line for resistance Tianlan. Heilongjiang Agricultural Science, 1991(2): 10-12
to stripe rust. Journal of Applied Genetics, 2011, 52 (3) : [49] Rfia, W7E, B, JKRAE , 248k . SR IMER 5%
279-285 /N2 2SR AR 31 A B A 2 R D . ek 24l 2014,

[37] ZhengQ,LvZL,NiuZX,LiB,LiHW, XuS S, Han F 28(9): 1549-1558
P, Li Z S. Molecular cytogenetic characterization and stem rust Song W F, Zhao L, Zhao H B, Zhang Y M, LiJ L. Molecular
resistance of five wheat-Thinopyrum ponticum partial amphiploids. and cytogenetical identification of offsprings between common
Journal of Genetics and Genomics, 2014, 41(11): 591-599 wheat and Triticum trititrigia (6X). Journal of Nuclear Agricultural

[38] JiaHW, FengH, YangGT, LiHW, FuSL,LiB, LiZS§, Sciences, 2014, 28 (9): 1549-1558
Zheng Q. Establishment and identification of six wheat-Thinopyrum [50] LiD, LongD, LiT, WuY, WangY, ZengJ, XuLL, Fan X,
ponticum disomic addition lines derived from partial amphiploid Sha L, Zhang H Q, Zhou Y H, Kang H Y. Cytogenetics and
Xiaoyan 7430. Theoretical and Applied Genetics, 2022, DOI: stripe rust resistance of wheat-7Thinopyrum elongatum hybrid
10.1007/s00122-022-04185-x derivatives. Molecular Cytogenetics, 2018, 11(1): 1-9

[39] HeF, XingPY, BaoY G, Ren M J, LiuS B, Wang Y H, Li [51] Larkin PJ, Banks P M, Lagudah E S, Appels R, Mcintosh R
X F, Wang H G.Chromosome pairing in hybrid progeny between A, Chen X, Xin Z'Y, Ohm H W.Disomic Thinopyrum intermedium
Triticum aestivum and Elytrigia elongata. Frontiers in Plant addition lines in wheat with barley yellow dwarf virus resistance
Science, 2017, 8: 2161 and with rust resistance. Genome, 1995, 38(2): 385-394

[40] Sepsi A, Molnar I, Szalay D, Molnar-Lang M. Characterization [52] RV, BRATY, TK3ER . 3APUAEE R/ IMIEZZ I & g2
of a leaf rust-resistant wheat-Thinopyrum ponticum partial RO IR IR S . bR R, 1995, 21(1)
amphiploid BE-1, using sequential multicolor GISH and FISH. 85-89
Theoretical and Applied Genetics, 2008, 116(6): 825-834 Zhang Z J, Lou D F, Zhang M R. Identification of two pairs of

[41] Fedak G, Chen Q, Conner R L, Laroche A, Comeau A, Pierre Agropyron intermedium chromosomes with resistance to puccinia
C A. Characterization of wheat-Thinopyrum partial amphiploids striifformis in different wheat aline addition lines. Journal of
for resistance to barley yellow dwarf virus. Euphytica, 2001, Agricultural University of Beijing, 1995, 21(1): 85-89
120 (3): 373-378 [53] 2R, HH4, ERA, REeE. NE-PEELERTER

[42] Chen Q. Detection of alien chromatin introgression from MO T AN AL 2 S . F2RAEW2AIR, 2005, 25(5): 14-17
Thinopyrum into wheat using S genomic DNA as a probe--a LiFZ, JiwWQ, Wang CY, Wu J H. Molecular cytogenetic
landmark approach for Thinopyrum genome research. Cytogenetic identification of wheat-Thinopyrum intermedium derivative lines.
and Genome Research, 2005, 109(1-3): 350-359 Journal of Triticeae Crops, 2005, 25(5): 14-17

[43] ZhengQ,LvZL,NiuZX,LiB, LiHW, XuS S, Han F [54] FRA, HH4a, AL, THIE. INE-PEEZ &5
P, Li Z S. Molecular cytogenetic characterization and stem rust BRAFIRPUERIITSY . VaALRE Y 4AR , 1999, 19(6) : 54-58
resistance of five wheat-Thinopyrum ponticum partial amphiploids. Wang CY, JiW Q, Xue X Z, Wang Q Y. Studies on yellow rust
Journal of Genetics and Genomics, 2014, 41(11): 591-599 resistance of wheat-Th. intermedium alien disomic addition lines.

[44] Chen Q, Conner R L, Li HJ, Sun S C, Ahmad F, Laroche Acta Botanica Boreali-Occidentalia Sinica, 1999, 19 (6) :
A, Graf R J. Molecular cytogenetic discrimination and reaction 54-58
to wheat streak mosaic virus and the wheat curl mite in Zhong [55] Wang S W, Wang CY, Feng X B, Zhao J L, Deng P C, Wang
series of wheat-Thinopyrum intermedium partial amphiploids. YJ, Zhang H, Liu XL, LiT D, Chen CH, Wang BT, Ji W
Genome, 2003, 46(1): 135-145 Q. Molecular cytogenetics and development of St-chromosome-

[45] Cseh A, Yang C, Hubbart-Edwards S, Scholefeld D, Ashling specific molecular markers of novel stripe rust resistant wheat-

S S, Burridge A J, Wilkinson P A, King P I, King J, Grewal

Thinopyrum intermedium and wheat-Thinopyrum ponticum



14

FEaTMESE

/IMIEZE ) B B SIS ek Ji 99

[56]

[57]

[58]

[59]

[60]

[61]

[62]

[63]

substitution lines. BMC Plant Biology, 2022, 22(1):111
Banks P M, Larkin P J, Bariana H S, Lagudah E S, Appels
R, Waterhouse P M, Brettell RIS, Chen X, XuHJ, XinZY,
Qian Y T, Zhou X M, Cheng Z M, Zhou G H. The use of cell
culture for subchromosomal introgressions of barley yellow
dwarf virus resistance from Thinopyrum intermedium to wheat.
Genome, 1995, 38(2): 395-405

A, AR, BOAEIR, BRI, WA, KR, WRIDY,
B, TRBEE, BRI . BTk /M E 2 B &R
CH366 F FISH % 5€ . I P44k B2y, 2021, 49(3) : 278-
280,284

Zheng Y, Li X, JiaJ Q, Guo HJ, Lei M L, Zhang S W,
Chang L F, Chang Z J, Qiao L 'Y, Chen F, Zhang X J. FISH
identification of wheat-Thinopyrum intermedium addition line
CH366 with resistance to stripe rust. Journal of Shanxi
Agricultural Sciences, 2021, 49 (3): 278-280,284

LiJB, BaoY G, Han R, Wang XL, Xu WJ, Li GR, Yang
ZJ, Zhang X J, Li X, LiuAF, LiHS, LiuJJ, Zhang P, Liu
C. Molecular and cytogenetic identification of stem rust resistant
wheat-Thinopyrum intermedium lines. Plant
Disease, 2022, DOI: 10.1094/PDIS-10-21-2274-RE

TR, W, [, AN, ZRRR. 2P R /ME
A2 S M F i GISH %7€ . tva Al B2, 2011, 39(2)
103-105

Zhang X J, Chang Z J, Yan X T, Zhan H X, Li X. GISH

analysis of two Thinopyrum intermedium derived wheat aline

introgression

addition lines resistant to powdery mildew. Journal of Shanxi
Agricultural Sciences, 2011, 39 (2): 103-105

LA, N, FLALE, TREEK . 1248 R/N R TR Y
A E R R AR AR AR . A AR
JZ, 1995, 26(3): 273-279

Jiang LJ, Wang H G, Kong L R, Zhang D S. Studies on cytology
and main traits of twelve new wheat germ plasm lines. Journal
of Shandong Agricultural University: Natural Science Edition,
1995, 26 (3): 273-279

FUEN, SRR, XIS . 470 OB /N A2 - o (Al 2 S B
Z (V9 200 2 I RAPD 256 . VAL R 2242, 2000, 20(1)
64-67

Wang H G, Zhang J M, Liu S B. Identification of wheat-
Elytrigia intermedium alien addition line with resistance to powdery
mildew by cytology and RAPD analysis. Acta Botanica Boreali-
Occidentalia Sinica, 2000, 20 (1): 64-67

XA 5, FUEN . B TR /N 22 - o R 22 B2 (Thinopyrum
intermedium , 2n=42) 5 W FR 3 B I 43 20 M st 4% 48 5
Bl , 2002, 47(19): 1500-1503

Liu S B, Wang H G. Breeding and molecular cell genetic
identification of powdery mildew resistant wheat Thinopyrum
intermedium (2n=42). Chinese Science Bulletin, 2002, 47(19):
1500-1503

MONE, EEB], B2, RSO, BEWw, B304, mE
o, FHEN. 3T El?iﬁaﬁ/\ﬁ:.‘ﬁvl\ﬂ%ﬁ TR S R o 2% ) 2
S MBI, 2005, 31(8): 1035-1040

Lin X H, Wang LM, Li XF, Lu WH, Zhao F T, Li W C,

[64]

[65]

[66]

[67]

[68]

[69]

[70]

[71]

Gao J R, Wang H G. Identification of octoploid Thinopyrum and
alien disomic addition lines with powdery mildew resistance.
Acta Agronomica Sinica, 2005, 31 (8)~ 1035-1040
fff‘ﬁ\% hAEE SR, SRIR, TTIRAE , {15, BUE)T, £t
| BRI T R /N - e B2 BRI AR C 1l 1202117 Y
ém. PEILRI A, 2014, 34(9): 1757-1763
XuLT, MaY X, Zhang C, Wu X, Qi XL, He F, Bao Y G,
Wang H G. Identification of wheat-Thinopyrum intermedium
alien disomic addition line ‘Shannong 120211’ with resistance
to powdery mildew and salt tolerance. Acta Botanica Boreali-
Occidentalia Sinica, 2014, 34 (9): 1757-1763
BRI, K, BRR, PR, WREE, &Ea, kR,
SN . /IMUE A S B R TaXTH%[ﬂE’JﬁI SEME R
BT IR REE, 2015, 47(7) - 1
Huang C L, Song J, LiQ Q, Guo Q D, Tian Q J, Gao J R,
Wang H G, Feng D S. Cloning and bioinformatics analysis of
TaXTH from wheat-Thinopyrum alien alien addition line. Shandong
Agricultural Science, 2015, 47 (7): 1-6
WA, R, BRSE . PR/ - T A 22 B S B o 3R
HAAL S0 FARIC . PEAEAI A4, 2002, 22(1) : 136-140
Hu Y K, Xin ZY, Chen X. Biochemical and molecular markers
of a yellow rust resistance wheat-Th.intermedium addition line.
Acta Botanica Boreali-Occidentalia Sinica, 2002, 22 (1) :
136-140
AT R, A, EIERE . FUER /N - M E A R (iR
N BEGOL R I E S RE . R YIER A, 2008, 38(3)
298-303
Shi D L, FuT H, Ren Z L. Development and identification of
a small-fragment-translocation line of wheat and Agropyrum
intermedium resistant to powdery mildew. Acta Phytopathologica
Sinica, 2008, 38(3): 298-303
By, PV, bk, o, BRI, . RN E- K
FEMEZZ RERE MR AR RS AL R AR . R4, 2021,
47(7): 1402-1414
Duan Y M, Luo X L, Chen S Q, Gao Y, Chen J M, Dai Y.
Creation of durum wheat-Thinopyrum elongatum addition lines,
substitution and translocation lines. Acta Agronomica Sinica,
2021, 47(7): 1402-1414
LiXJ, HuXG,HuTZ,LiG,RuZ G,Zhang L L,Lang Y M.
Identification of a novel wheat-Thinopyrum ponticum addition
line revealed with cytology, SSR, EST-SSR, EST-STS and
PLUG markers. Cereal Research Communications, 2015, 43
(4): 544-553
X ZWE, UL, ABTTE, B, R, REE, 25,
R, w8 . BTG /IMEZRZ XU SN 2R L1k 87074-
S19 % . 4r FAMLEY) 4R, 2007, 40(3): 217-223
LiuAF, Wang HG, Hao Y F, Duan Y C, Wang Y H, Wu X
R, LiY, ZhuY L, Gao J R. Identification of Tritielytrigia alien
disomic addition line Shangnong 87074-519 with yellow rust
resistance. Journal of Molecular Cell Biology, 2007, 40(3) :
217-223
ERU], MR, A, 5
G, BICA, B, TN

REX, R, RIEE, @i
Nz - e B — RS R



100

N7/ i

f&

UAgi

24 3

S

[72]

[73]

[74]

[75]

[76]

[77]

[78]

[79]

11142 0095 3 7 R HME . AL BE4 2005, 38(10) ¢
1958-1964

Wang L M, Lin X H, Zhang P J, Zhang Z W, Wang Y H,
Zhao F T, Gao J R, Li W C, Li X F, Wang H G. Breeding
and characterization of wheat-Thinopyrum intermedium alien
substitution line Shannong 0095. Scientia Agricultura Sinica,
2005, 38(10): 1958-1964

ERY, EER, 4, FUEN. /MEZ T TR SN0606 #YTE
SN AT BB, 2007, 35(28): 8825-8829
Wang L M, Wang H J, Li P, Wang H G. Morphological and
cytological analysis on germplasm line SN0606 of Trititrigia.
Journal of Anhui Agricultural Sciences, 2007, 35(28) : 8825-
8829

TR, #haIR, i, RIS, FEAAR, IRAEIR . /N
[ {1 22 75 5 A A8 2R (9 40 2 L SSRARIC 5 7 . 1 PG A 0ML B
2%, 2007, 35(1): 22-25

RenY K, Chang Z J, Zhan H X, Zhang X J, Dong C L, Wen
Z J. Cytological and SSR identification of wheat-Elytrigia intermedium
alien substitution line. Journal of Shanxi Agricultural Sciences,
2007, 35(1): 22-25

WA, AR, TRV, ATRANE, SRERUR, A, TR, 1
AR, TRBEZE . — TR/ N - MR A R S A0 38 A9 00 T4
iz . ILpugRRIE, 2014, 42(5) : 425-427,431

HulJ, Li X, Yan X T, Ren Y K, Guo HJ, Zhan H X, Qiao L
Y, Chang Z J, Zhang X J. Identification for a new wheat alien
substitution lines derived from Th. intermedium by molecular
cytology. Journal of Shanxi Agricultural Sciences, 2014, 42
(5): 425-427,431

BUNE, TR, R, SRERIR, TIGEYE, skAR, ERIDY,
Fla e, R, SRIGEAS . /A - P REAZ B R CHI88 4y
T A SR PR, 2020, 48(3): 317-320

Luo XJ, Qao LY, Li X, GuoHJ, Yan X T, Zhang S W, Chang
LF, YanJ L, Chang Z J, Zhang X J. Molecular cytogenetic
identification of wheat-Thinopyrum intermedium substitution line
CH188. Journal of Shanxi Agricultural Sciences, 2020, 48(3) :
317-320

PR, R, FDOE, A5, SN kN E (IE58), i
FLAN T R RN By O A I R . CN1435086A,
2003-08-13

LiZS, Mu S M, Zhou H P, Li B, Ying J. Blue grain wheat
(blue 58) , blue monomer wheat and blue grain wheat translocation
line. Chinese Patent: CN1435086A, 2003-08-13

LiHJ, Chen Q, Conner R L, Guo B H, Zhang Y M, Graf R
J, Laroche A, Jia X, Liu G S, Chu C C. Molecular characterization
of a wheat-Thinopyrum ponticum partial amphiploid and its
derivatives for resistance to leaf rust. Genome, 2003, 46(5) :
906-913

Li HJ, Arterburn M, Jones S S, Murray T D. A new source of
resistance to Tapesia yallundae associated with a homoeologous
group 4 chromosome in Thinopyrum ponticum. Phytopathology,
2004, 94(9): 932-937

FHEN, BPHE, XUIRIE, mm AR, A BUr R MER

[80]

[81]

[82]

[83]

[84]

[85]

[86]

[87]

SR AR K 40 I 4 F RAPD %7€ . PG LA 2441, 2003, 23
(2): 280-284

Wang H G, Li D D, Liu S B, Gao J R, Li X F. Identification
of Tritelytrigia alien substitution line with powdery mildew
resistance by cytology and RAPD analysis. Acta Botanica Boreali-
Occidentalia Sinica, 2003, 23(2): 280-284

el , AZEE, XVAETE, BEL, RER, IR /MEE
S FR P I A Y S8 K SSR4FFARi . A R
Filr, 2008, 6(2): 257-262

LiuAF, LiHS, LiuJJ, Cheng D G, Song J M, Wang H G.
Identification of disease resistance gene in Tritielytrigia alien
addition line and its SSR molecular marker. Molecular Plant
Breeding, 2008, 6(2): 257-262

LiMZ, WangY Z, Liu X, Li X F, Wang H G, Bao Y G.
Molecular cytogenetic identification of a novel wheat-Thinopyrum
ponticum1J3(1B) substitution line resistant to powdery mildew
and leaf rust. Frontiers in Plant Science, 2021, 12: 727-734
Wang Y Z, Cao Q, Zhang J J, Wang S W, Chen C H, Wang
CY, Zhang H, Wang Y J, Ji W Q. Cytogenetic analysis and
molecular marker development for a new wheat-Thinopyrum
ponticum 1J° (1D) disomic substitution line with resistance to
stripe rust and powdery mildew. Frontiers in Plant Science,
2020, 11: 1282

o, B, RIERE, B, BREE . VN R
AL (K3 1 A 5 Y L MAE . VR4, 2007, 33(1):
1-8

Ma Q, Luo P G, Ren Z L, Jiang H R, Yang Z J. Genetic
analysis and chromosomal location of two new genes for
resistance to powdery mildew in wheat ( Triticum aestivum L.).
Acta Agronomica Sinica, 2007, 33(1): 1-8

AT, AR, R, EALR, TR, MR, i
By, B N B B B R h B 27 B M E e
G . VR, 2015, 35(11): 1489-1493

Li AB, LiJ H, Song J R, Wang H J, Zhang Y H, Shang X
W, Cao S Q, Li B C. Identification and analysis of zhongliang
27, a wheat-Thinopyrum intermedium translocation line with
resistance to stripe rust. Journal of Triticeae Crops, 2015, 35
(11): 1489-1493

T, e, B, R, TREy, R, ERA, K
T, R N A R R AN 25 (6 R AP AR B
SE BN FHVEAR . ER A4, 2021, 47(8): 1511-1521

Wang Y, Feng ZW, Ge C, Zhao J J, Qiao L, WuB B, Yan S
X, Zheng J, Zheng X W. Identification of seedling resistance
to stripe rust in wheat-Thinopyrum intermedium translocation
line and its potential application in breeding. Acta Agronomica
Sinica, 2021, 47(8): 1511-1521

Yang G T, Zheng Q, HuP, LiHW, LuoQL, LiB, LiZ S.
Cytogenetic identification and molecular marker development
for the novel stripe rust-resistant wheat-Thinopyrum intermedium
translocation line WTT11. aBIOTECH, 2021, 4: 343-356
Zheng X W, Tang C G, Han R, Zhao JJ, Liu C, Qiao L, Zhang
S W, Qiao LY, Ge C, Zheng J. Identification, characterization



14

FEETMESE « /IMIEA BB KW, PR S 2 %

101

[88]

[89]

[90]

[91]

[92]

[93]

[94]

[95]

[96]

[97]

and evaluation of novel stripe rust resistant wheat-Thinopyrum
intermedium chromosome translocation lines. Plant Disease,
2020, 104(3): 875-881

PR, B, BRM . /N F/IME 6 15 4 (k2 i s
SERANIESATTSE . ke, 1990, 17(6) : 430-437

LiWL, LiZS, Mu S M. A cytological study of chromosomal
structure changes in a common wheat variety, xiaoyan No. 6.
Acta Genetica Sinica, 1990, 17(6): 430-437

TR, A, B, R, sk 5 - TE K
R 2 B0 )3 U5 By 60 3R 0 5 S A A . AR
2012, 45(16): 3240-3248

Hao W W, Tang C G, Li B C, Hao CY, Zhang X Y. Analysis
of wheat-Thinopyrum ponticum translocation lines with broad
spectrum resistance to stripe rusts. Scientia Agricultura Sinica,
2012, 45(16): 3240-3248

LiHJ, Conner RL, Chen Q, Li HY, Laroche A, GrafR J,
Kuzyk A D. The transfer and characterization of resistance to
common root rot from Thinopyrum ponticum to wheat. Genome,
2004, 47(1): 215-223

Chen SY, Xia GM, Quan TY, Xiang F N, JinY, Chen H
M. Introgression of salt-tolerance fromsomatic hybrids between
common wheat and Thinopyrum ponticum. Plant Science,
2004, 167(4) :773-779

Chen G L, Zheng Q, Bao Y G, Liu S B,Wang H G, Li X F.
Molecular cytogenetic identification of a novel dwarf wheat
line with introgressed Thinopyrum ponticum chromatin. Journal
of Biosciences, 2012, 37(1): 149-155

Zhan H X, LiGR, Zhang X J, Li X, Guo HJ, Gong W P, Jia
JQ, Qao LY, Ren Y K, Yang Z J, Chang Z J. Chromosomal
location and comparative genomics analysis of powdery mildew
resistance gene Pm5/ in a putative wheat-Thinopyrum ponticum
introgression line. PLoS ONE, 2014, 9(11): e113455
HoulY, JiaJ Q, Zhang X J, Li X, Yang Z J, Ma J, Guo H
J, Zhan H X, Qiao L Y, Chang Z J. Molecular mapping of the
stripe rust resistance gene Yr69 on wheat chromosome 2AS.
Plant Disease, 2016, 100(8): 1717-1724

LiMZ, YuanY Y, Ni F, Li X F, Wang H G, Bao Y G.
Characterization of two wheat-Thinopyrum ponticum introgression
lines with pyramiding resistance to powdery mildew. Frontiers
in Plant Science, 2022, 13: 943669

FEHHN, A%, RBER, K, W IMER IS = A
B PSR 3L 204 . SRRl 2012, 27(5):
163-167

Zhan H X, Li G R, Zhang X J, Li X, Chang Z J. Inheritances
of resistance to powdery mildew and stripe rust in cryptic alien
introgression from Thinopyrum intermedium. Acta Agriculturae
Boreali-Sinica, 2012, 27 (5): 163-167

Luo PG, LuoHY, Chang ZJ, Zhang HY, Zhang M, Ren Z
L. Characterization and chromosomal location of Pm40 in common
wheat: A new gene for resistance to powdery mildew derived
from Elytrigia intermedium. Theoretical and Applied Genetics,
2009, 118(6): 1059-1064

[98]

[99]

[100]

[101]

[102]

[103]

[104]

[105]

[106]

He R L, Chang Z J, Yang Z J, Yuan Z L, Zhan H X, Zhang
X J, Liu J X. Inheritance and mapping of powdery mildew
resistance gene Pm43 introgressed from Thinopyrum intermedium
into wheat. Theoretical and Applied Genetics, 2009, 118(6) :
1173-1180

A, TR, AR, BRI, AU, SRERLS, AR,
g NP ME R F B A RPURE RN PmCH7124
G FRE L. AERI4, 2015, 41(1) : 49-56

LiJB, Qiao LY, Li X, Zhang X J, Zhan H X, Guo HJ, Ren
Y K, Chang Z J. Molecular localization of powdery mildew
resistance gene PmCH?7124 in wheat-Thinopyrum intermedium
introgression line. Acta Agronomica Sinica , 2015, 41 (1) :
49-56

Shen X K, Ma L X, Zhong S F, Liu N, Zhang M, Chen W
Q, ZhouYL, LiHJ, Chang ZJ, Li X, Bai GH, Zhang HY,
Tan F Q, Ren Z L, Luo P G. Identification and genetic mapping
of the putative Thinopyrum intermedium-derived dominant powdery
mildew resistance gene PmL962 on wheat chromosome arm 2BS.
Theoretical and Applied Genetics, 2015, 128(3): 517-528
LiuJ, Chang Z J, Zhang X J, Yang Z J, Li X, JiaJ Q, Zhan
H X, Guo H J, Wang J M. Putative Thinopyrum intermedium-
derived stripe rust resistance gene Y750 maps on wheat chromosome
arm 4BL. Theoretical and Applied Genetics, 2013, 126 (1) :
265-274

Huang Q, Li X, Chen W Q, Xiang Z P, Zhong S F, Chang Z
J, Zhang M, Zhang HY, Tan F Q, Ren Z L, Luo P G. Genetic
mapping of a putative Thinopyrum intermedium-derived stripe
rust resistance gene on wheat chromosome 1B. Theoretical and
Applied Genetics, 2014, 127(4): 843-853

Zhang X, Cui C H, Bao Y G, Wang H G, Li X F. Molecular
cytogenetic characterization of a novel wheat-Thinopyrum intermedium
introgression line tolerant to phosphorus deficiency. The Crop
Journal, 2021, 9(4): 816-822

LuLQ, LuoQL, LiHW, LiB, Li ZS, Zheng Q. Physical
mapping of the blue-grained gene from Thinopyrum ponticum
chromosome 4Ag and development of blue-grain-related molecular
markers and a FISH probe based on SLAF-seq technology.
Theoretical and Applied Genetics, 2018, 131(11): 2359-2370
Baker L, Grewal S, Yang CY, Hubbart-Edwards S, Scholefield
D, Ashling S, Burridge A J, Przewieslik-Allen A M, Wilkinson
P A, King I P, King J. Exploiting the genome of Thinopyrum
elongatum to expand the gene pool of hexaploid wheat. Theoretical
and Applied Genetics, 2020, 133(9): 2213-2226

Wang HW, SunSL, Ge WY, Zhao L F, Hou B Q, Wang K,
LyuZF, ChenLY, XuSS, GuoJ, LiM, SuPS, LiXF, Wang
GP,BoCY, Fang X J, Zhuang W W, Cheng X X, WulJ W,
Dong LH, Chen W, LiWY, Xiao GL, Zhao ] X, Hao Y C,
XuY, GaoY, LuWJ, LiuYH, YnHY, LiJ Z, Li X, Zhao
Y, Wang X Q, NiF, Ma X, LiAF, XuS S, Bai G H, Nevo
E, Gao C X, Ohm H, Kong L R. Horizontal gene transfer of
Fhb7 from fungus underlies Fusarium head blight resistance in
wheat. Science, 2020, 368(6493): 5435



