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Abstract: Agropyron cristatum, as one of the important wild relatives of wheat, contains many excellent genes that are useful in

wheat improvement. The wheat-A. cristatum addition line, which contains a complete A. cristatum chromosome, serves as an
important bridge to utilize the 4. cristatum derived excellent genes. As a perennial tetraploid outcrossing species that carries four
haploid sub-genomes, the wheat-A. cristatum additional lines carrying each of different chromosomes from the same homologous
group might represent the different agronomic characters. In this study, the heading time, plant type, panicle character, grain character,
resistance to powdery mildew and leaf rust were identified and analyzed employing cytological identification, molecular marker
detection, agronomic character investigation and disease resistance identification. The wheat-A. cristatum 2P addition line 11-9-3 was
genetically stable, and showed compact architecture and immune to leaf rust and powdery mildew, which could be used for plant
architecture improvement and disease resistance breeding. Wheat-A. cristatum 2P addition line 1I-3-1b was observed with obvious
reduction on plant height, early heading and immune to leaf rust, which could be used for plant height improvement and leaf rust
resistance breeding. Wheat-A. cristatum 2P addition line 1I-23-72 is nearly immune to endemic leaf rust and powdery mildew species,

and might be useful in disease-resistance breeding. These three 2P addition lines provided raw materials for further producing 2P
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translocation and deletion lines. These 2P addition lines with different characteristics on plant type, plant height and disease resistance,
might provide a basis for future genetic mapping and effective use of excellent genes applicable in wheat.
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BERA 3 43 /N VKB 2P ARSI N &R 11-9-3 (2n=44). 1I-3-1b (2n=44). 1I-23-72 (2n=44), ¥k
H/N# (Fukuho) -VKEZAZMIEIZ M)A, BBFAEEA . /N3 Fukuhokomugi (f#5 Fukuho),
H [ MY A B AR VIR T8I SR O /N T T AR A AR A
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NI G AR Fr 2% Li PR INERAT, KR TR R R SR I, A E AR E 1.5 em-2.0
cm. MARKE] 1.0 cm-1.5 cm B, HURARRBEATAEE, H 90 Yol [ 2 4H Ml . I FH 2 Yo (1 i A 0 T A AR 2
qHf, w1 f, 1 BXS1AHZRMEE (Olymps Crop., Tokyo, Japan) FEifi.
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Table 1 STS primers specific for chromosome 2P

ElE/EA S 5195 (5°-3°) kA= BKRSE (°C)

Primer name Primer sequences (5°-3°) Primer position Tm (°C)
ATGCATTTCTCCTGCCAGAC

Agcl846 2PS 59
GGACACTGGTGTTGATGTGC
ATGCCCTACAGTCCTGCAAC

Agc54388 2PS 59
ATTTCACAGAAGCCGCTACG
TTCGTCTTCGTCGGCAGACT

Agc32544 2PL 59
TGTCGCTGATCTCTCCAACG
AGATCCAGGTGGTCTTTGGA

Agell777 2PL 59
GCAGCATCAGTTCCCACTTT

1.5 FHRIMES R EMRIBE 4

$4 NSz UK BRI 2P BN RIS A Fukuho SR E o [ Ml R 22 52 W0 R S S 71k 50 FEL AR 238
WA RIG T h, B S ANES, 47K 20m, /7803 m, BREE 0.1 m. XA TFARICYE A 2P AN
HIMHEAT R SRR, B bR . BN, BC. BT NN BRCEL MR, TRE. R
K ROBESER, BHITES I DM R B AR (%R, b bk, 55
B B, BRI E, IVERMOR VIR BOREOR P T LN, 4 BER MBS % Zhao
D 2525735, R SC-G EIBNF T HH BT B J7 iR AR A AR Lk TR E R
Koo BITERIEIE . FFIECPE EXCEL HEATH0R 457, I Graphpad Prism8 %1 i 47 4 8 LA 43 7 5 1

&,
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M 5389 FIESRRLZE N, BRI APRHICE 1520 Kidh 7, FRe/NEHMRAKC R — M 58 2R ITIy, A T 257200 1Y
TRk 42 P 45 B AL AT A2 BE/NFR THT . BX 7-10 mg EAAFA 3N 2.0 mL B0 AN, HIA 300-500 L 178
RN, R TR KT BRI AR AE N b BN R RBCE @ AL 2-3 h, FEET
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3 (d), MINAR 1-3-1b AL RESE AT AIAEL) 3 (dD

XFPIAE (20202021, 2021-2022) Pl (Abst. B 2D KIEFEIEHEAT 0T, 2 HEESIREY G&
2, &3, E1, B2, B3, 34/NE-vKE 2P &M EEREL, MR EE AR 11:9-3 FIHR B %%
(/YBEJ AN 18.4°), FREFHIN 79.6 cm; AN ZR 11-23-72 MIRRFLRABL (Z)BEJESH M 31.8°), FRi T A
82.2 cm; PRAN AR I1-3-1b (ORRARL & (pBEJE AN 22.1°), MR B E T I E WM& R, FHA
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Table 2 Analysis of main agronomic characters of different 2P addition lines (Beijing)

/3

o C U TCO I Hikem)  MEE AR WRE R () THEE  RK Gm) R (mm)
Year Plant height  Tillering number  Spike length ~ Spikelet number per spike  Kernel number per spikelet ~ Kernel number per spike ~ Stems long ears ~ 1000-kernel weight Grain length Grain width
11-9-3 2020-2021  80.43b+4.19 10.75a+2.12 8.21¢+0.76 19.88ab+1.13 3.75a+0.89 57.00b+3.03 18.58b+3.68 28.77b+0.96 6.05b+0.25 2.61b+0.03
2021-2022  79.05b+2.91 10.90a+3.08 7.73¢+1.12 19.92ab+1.41 4.12a+0.82 49.83b+3.64 18.63b+3.69 27.55b+2.49 5.99b+0.15 2.64b+0.13
1I-3-1b 2020-2021  66.62c+2.79 14.30a+1.95 8.35¢+0.68 18.60b+1.17 3.90a+0.32 41.00c£3.20 19.83b+1.09 27.12b+1.14 5.91b+0.23 2.61b+0.07
2021-2022  65.44c¢+3.06 15.57a+2.99 7.83¢+0.88 18.71b+1.11 4.43a+6.02 34.71¢c+2.97 19.89b+1.06 24.74b+1.53 5.92b+0.11 2.59b+0.15
1I-23-72  2020-2021  83.27b+2.51 13.33a+2.06 10.41b+0.87 20.67a+0.87 4.67a+0.50 69.00a+3.74 25.47a+1.49 18.45¢c+1.44 5.10¢c+0.26 2.48¢+0.09
2021-2022  81.94b+1.96 12.70a+2.57 8.59b+1.38 20.80a+1.28 3.85a+0.99 64.25a+3.82 25.75a+3.44 18.33¢+3.36 5.55¢+0.31 2.42¢+0.12
Fukuho  2020-2021  93.22a+1.72 13.40a+1.67 12.06a+0.94 20.60a+0.89 4.00a+0.71 71.83a+3.13 16.64b+2.70 31.30a+0.90 6.54a+0.21 2.78a+0.01
2021-2022  93.63a+1.49 12.70a+3.82 11.78a+0.69 20.67a+1.03 4.50a+0.55 68.33a+2.58 16.80b+2.49 31.02a+1.70 6.45a+0.14 2.79a+0.07
F— A7 T AR F RN A AR 2R B2 (P<0.05) CFRD.
Different letters in the same line indicate significant differences between different materials (P<0.05) .The same as following.
RIFNEIKERE 2P MMAETERZHRSHT (F2)
Table 3 Analysis of main agronomic characters of different 2P addition lines (Xinxiang)
PR maEem)  EM Wiem M IR WEHC T FHEE K Gm) S ()
Year Plant height  Tillering number ~ Spike length  Spikelet number per spike ~ Kernel number per spikelet ~ Kernel number per spike  Stems long ears ~ 1000-kernel weight Grain length Grain width
11-9-3 2020-2021  79.06b+3.00 10.56a+1.63 7.88¢+0.67 19.94ab+1.44 3.81a+0.66 49.83b+3.71 18.66b+4.39 24.33b+1.88 5.89b+0.24 2.65b+0.09
2021-2022  79.83b+2.66 10.92a+1.62 7.88¢+0.57 19.92ab+1.00 3.92a+0.29 53.75b£3.05 18.58b+1.97 28.92b+1.44 6.08b+0.16 2.65b40.09
1I-3-1b 2020-2021  65.60c+2.24 15.83a+1.47 7.87c+1.66 18.83b+1.47 3.83a+0.75 33.80c+3.27 19.85b+2.70 23.93b+2.66 5.84b+0.32 2.64b40.08
2021-2022  67.67c+3.04 15.33a+1.87 8.26¢+0.60 18.78b+1.09 3.89a+0.60 37.44c+2.74 19.92b+2.50 27.38b+1.82 6.02b+0.16 2.64b+0.06
1I-23-72  2020-2021  81.75b+3.04 12.50a+1.87 9.00b+1.12 20.83a+1.17 4.33a+0.82 70.50a+2.81 25.62a+3.02 17.79¢+3.08 5.13¢+0.32 2.40c+0.13
2021-2022  82.00b+3.04 13.78a+1.09 9.36b+0.92 20.78a+0.83 3.89a+0.78 65.11a+2.80 25.80a+3.22 18.92c+4.24 5.31c+0.12 2.44¢+0.10
Fukuho  2020-2021  93.48a+3.62 12.40a+2.22 10.55a+0.90 20.70a+0.82 4.20a+0.63 71.90a+2.96 16.67b+2.94 30.52a+6.47 6.26a+0.27 2.94a+0.27
2021-2022  94.80a+3.15 12.60a+2.46 10.91a+0.85 20.50a+0.97 4.30a+0.48 68.40a+2.76 16.80b+2.91 32.10a+2.49 6.36a+0.25 2.86a+0.13
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In the figure, the X axis 1, 2, 3 and 4 represent 2020-2021 Beijing, 2:2021-2022 Beijing, 2020-2021 Xinxiang and 2021-2022 Xinxiang respectively.

The error line in the figure is represented by standard deviation, and different letters indicate significant differences among different materials (P<0.05).
B 12020-2022 F/hZ2-KEARE 2P MIMAE B R EMR IR
Fig 1 Analysis of main agronomic characters of different 2P addition lines in 2020-2022
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B2 iy LB B, 3 4 /NE2-UKE 2P [N R AR R R RIS T AR AE 22 o 11-9-3 Al 11-23-72 (AR AL Ny
MEHERY, I1-3-1b WK 7MY, ZEA Fukuho AZTHERL, 11-9-3. I1-23-72 F1 Fukuho ¥ KT, {H I1-3-1b RILA
R, KW 2P etk () R NS BUR /N Z BRI, TN &R 11-9-3 F1 11-23-72 A o487 AR, B hn & 11-3-
1b 4738 | BEAYRIETE o

3 By B n S AR R MR A A 4 SRR (R 2, R 3, B D, 11-23-72 MK B & T 1-9-
3F111-3-1b, “F3425 9.3 cm; 11-9-3 F1 I-3-1b K LR EZ R . MM EHIEEKY) B EKT Fukuho (K 1-
C). FhnF 11-23-72 (A 22 2% & T Fukuho, “F¥J{H4 25.7 cm; 11-9-3. 1I-3-1b 5 Fukuho [ T 2500



BEER (H1-G). FHMIN R 11-9-3 A 11-3-1b A FFRAK RN, N &R 11-23-72 5 8K RN 2210 %L
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iz
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Bfn & 11-9-3. 11-23-72 5 Fukuho HI/NMEHCL B2 %2 7, {H 11-3-1b §)/MEHUE Z KT Fukuho (K] 1-
D). 11-23-72 HRRIEUE 2 5T 11-9-3 1 11-3-1b, Jf H 5 Fukuho LR Z 7, 1E 61.4~74.0 Z[a]; 11-9-3 [
FERI AR & T 11-3-1b, {HEZKT Fukuho (P 1-F). PEBARHIN AR 11-9-3 Al 11-3-1b 47 B AR AR A 2L
N, T 11-23-72 /N 22 BERL RGBT B R

3PN RAPRHE TR, R, MRt A EE R (K2, £3, K1, E2), 11-9-3 M 11-3-1b
fETRE, RKARERLEEZES, EHROMEYEERT 1-23-72; 5HEHHHINRMEHELL, 11-9-
3 TR EAE 24.3 g~29.9 g Z [8], RIKAE 5.9 mm~6.2 mm 2 8], FiFEfE 2.6 mm~2.8 mm 2 [A], FFHR5 i
ANy SRER

- - o

al, a2, a3 i NMINR 11-9-3, T1-3-1b. 11-23-72 #RARAN MG A4k GISH B (FRR=10um); b: /NE-UKEL 2P [t i REVEARTEAS KL, MBI K2

Fukuho. I1-9-3, 1I-3-1b. 11-23-72; cl, 2 Z35I0/NE2-0K& 2P BN R IR T IR T AV T ), AP IA) bs d1, d2, d3, d4s 43309 11-9-3. 11-3-1b,
11-23-72. Fukuho [¥FALE .

al, a2, a3 were addition lines 11-9-3, II-3-1b, and 1I-23-72 root tip cell chromosome GISH maps (Scale bar=10um), respectively. b: Plant morphology of wheat —



A. cristatum 2P addition line, from left to right are Fukuho, I1I-9-3, 1I-3-1b, 1I-23-72; c1 and c2 are the front and side images of the fringe of 2P addition line
respectively, in the same order as b. d1, d2, d3, d4: the grain plots of II-9-3, II-3-1b, II-23-72 and Fukuho, respectively.

2 NE-KE 2P MEANFRAY GISH. #EHk. FERFFRIE
Fig 2 GISH patterns, Plants, ears and grains of 2P additional lines
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Table 4 Identification of powdery mildew resistance of different 2P addition lines

B FUAR T Utk SR
Material Powdery mildew Disease resistance Reaction type
#F 1 9504 Zhongzuo9504 E20 = 4
Fukuho E20 (= 4
11-9-3 E20 SRk 2
1I-3-1b E20 =3 4
11-23-72 e 0;

3 =
¥ 5
e

Fukuho 1I-3-1b 11-23-72 Fukuho II-3-1b 11-23-72
3 /J\ —/7J<E 2P MimABEEME (L) %ﬂﬂ‘l‘%*ﬁ () EMEE
Fig 3 Identification of powdery mildew(left) and leaf rust(right) at seedling stage of 2P additional lines
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WEELUKE 2P Yt ik KA B 4 MRS STS Aid, SI40L (38 1), Xt IR 1 3 40 i R ARk
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3 g
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BRI, UK N DY 5 A F LS e e f e A T 25 M BB HERAR 57, BB IR o RIS RE ) P e AR APAE T
ZER (EALERD) . R, A0 AT AE [ED 0 2 TG AN [ B 2R PRV RO X T T /) 22 380 4% o5 1R v B8 4 1 ) P
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Bl U, BN R 11-:9-3 1 11-23-72 #EIR 2 3 (d) B, M 1-3-1b $2/740 3 (&) A, fETHRE,
KA, RS AIAS 2 PR T, BRI &R 10-9-3 BRI EE I =, I HAEW Az e it BHhn &R 11-9-3 A1 11-23-72 %)
FUR AP 3 63 BN R A RHE 2 BEAI/NEERL O TR B35 2 5%, BRI A e it . A
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FENE R ENIMNEREARST, H MR ORI NEZ R 2R R m, HARMWEZ (X
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