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Characterization of Different 2P Wheat-Agropyron cristatum
Addition Lines
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and Genetic Improvement , Beijing 100081 )

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 A. 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, compact, immune to leaf rust and highly resistant to powdery mildew, which
could be used for plant architecture improvement and disease resistance breeding. Wheat-A. cristatum 2P addition
line 11-3-1b 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
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11-23-72 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 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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FH 2P G AR SRR B HERL 22K

1 RS
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HEIR Y 3 103/ NAZ - KB 2P AR S RN 2R 11-9-3
(2n=44) 11-3-1b(2n=44) \11-23-72(2n=44) , 32k B />
7% (Fukuho) 5 yK B 2432 [l 52 i J5 AR, H v Al
Bl2EBEVEYIRL A58 B G2 IR L /N 5T = )R
38 /N AZ Fukuhokomugi (] 5 Fukuho ) 8 /N H
1 9504 FNIHBMI 5389 tH H1IZ A 5T = RAFFIHRALL
1.2 INERRER R EEEH A

INFARRYL AT 228 Li S W A 1, 6
Pl BRI (R B 25 L, 7 EAR K 31 1.5~2.0 em
MIARA 2] 1.0~1.5 em B, BCT HRAQHE T AR EE, FH 90%
Tt T2 1 2 L 1) 2% 1% TG e Y T AR S 4 B
il A, 7€ BX51 #H 22 8 i 5% (Olymps Croporation,
Tokyo, Japan) i .
1.3 JRACZE3 M

SRR HAR ST LS ) ik 7 B i
() Fr ~FACHR N E , N2 A8, KR8 5 min, B R
TIAAZAE b BT 55 CIRARR . 1E2xSSC(Fy
BERRENZE IR T e - 2 min, SN 12~15 pL
DAPI(4",6-—pkFL-2-FCFLms| ) Yuyf , 35 35 8% F
fd FH ZEISS AX10 't i g b g2 I JEAH
1.4 DNAREFIPCRY &

K F CTAB 32 X% 30k B 4T DNA $2 L,
K FH UK 2P et (4R 53 STS 514 (3 1) % 3 43 /)
Az -UKHL 2P [ A MR TR . PCR BT 514
A TAY TAECER) BOABRAF A PCRY”
WK RN BAKZ 10.0 uL,DNA (200 ng/uL)1.0 pL,
1% (1E v+ 52 1] ) 2.0 uL, Mix (Promega) 5.0 pL,
ddH,0 2.0 pL., PCRY BEFLF K .94 CHIZEE: 5 min,
94 C/EME 305,59 CiB k305,72 CHEF 30 5,354
P72 CHEMH 10 min'>,
1.5 #R#HESREERBES

20202022 F7EH E LV B BEAE DR 5
FrAb s A £ 00 SRR Rl /N - UK FAS ] 2P B
ZA HIZEA Fukuho , 3 MHE & , 17K 2.0 m, 17#50.3 m,
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Table 1 STS primers specific for chromosome 2P

EIE RS SIFE(57-3") FltiE RAKIREECC)

Primer name Primer sequences(5’-3") Primer position Tm

Agcl846 F:ATGCATTTCTCCTG 2PS 59
CCAGAC

R:GGACACTGGTGTT
GATGTGC

F: ATGCCCTACAGTC 2PS 59
CTGCAAC

R:ATTTCACAGAAGC
CGCTACG

F:TTCGTCTTCGTCG 2PL 59
GCAGACT

R:TGTCGCTGATCTC
TCCAACG

F:AGATCCAGGTGGT 2PL 59
CTTTGGA

R:GCAGCATCAGTTC
CCACTTT

FLER190:R: K514

F:Forward primer;R: Reverse primer

1.6 MimMEMERRFEESE

R TR 2 4 3 4 /N2 - UK 2P B R AR
38 /N FE Fukuho |85 % BEHE 9504 (D F&Fh T
PSR SO AR 15~20 Bl 7. f5E5—
58 42 JRFF I, >R FHEHZ LR UM TR A 742 20N
Rl E202¢ g it B rp A 9504 T4 KR, 5% %
TR ORI TR A 0 G R I W R n R
MR HTRR TR .

M55 T HE RN B % Lin &2 5, 5 3 4
INFE DK 2P [N R MR} 8 /NAZ Fukuho | J8%5 %
RSB 5389 T FE A e BURHEL N , B0 A4 KE 15~20
BiRhF, RS — I SE SR IFS (i FHE 55 1A X 4 Fobs
BHERNE5 R T4 3Nl THT . B 7~10 mg 48
THEA 2.0 mL 204, A 300~500 pL 1) TG 5

Agec54388

Agc32544

Agell777

W43, i B A AV L, T B TR TR AT B
TE/NZENE R b o /N PR 2008 8 U 2~3 h,
W YIMIE RS AP IR P, f8 FH Tween-20 7K %
WA TIESS , 16~24 CRRREFME TR 24 h, R )5 E
F18~22 CHENRE IR B X RS M 5389 784
KR, B Roefls 107 ik HEA T A
1.7 MImEREMEE

FIIH GISHELARXS 34NN R AT 480, iR 4
SE G5 LI 2R IR 1 Bk 2n=44 1 SRR RR R 7EL
PR s R S S 7 L R 52 o i | N i
BLEH 30 Rifh 7, 3 A, AT 10 0k, FRE7E
et I8 1, A4 3 A e F, R EUDNA, #E1 74
THRCSEE, e BH MR o 1538 =P R AR B
100%.

2 HER59H

2.1 AR 2P i R shiEE SikE

PEA R, 3 03 B R AR B A R A s A ]
11-3-1b WAEFRH AL 167 d 4247, 11-9-3 111-23-72
173 d 44, Fukuho 3£ 170 d 2647, X BRI £
11-9-3 F111-23-72 #ER FH AR 24 3 d, B &R 11-3-1b 2
AL 3 d,

b 4 (2020-2021 4F . 20212022 4F ) I Hb,
(AL B 2) B R IE T 4017, 288 LA 45 2R
T (F2. E3 - 1E2),30/NE-KEL 2P it in &
MOBHERE Y Bk A B AR TR . 11-9-3 (1% #k 7 5
1% (SrBEJEff 0y 18.4°) , MR P-4 79.6 cm; it 5
11-23-72 (IRRBUAA B (4 BEE £ R 31.8°) , Bk -3
9 82.2 cm; BN R 11-3-1b A BRI 45 (3 BE S £
22.1°) , Mk B E AR T ILAL PR Oy B & kL, 38k
66.3 cm. BLAN 3 0 BN R A RN R & TR
fikF Fukuho. B 3 53 b4 kb 5 A7 1) 2P Y o (A0}
P A AR 500, BN 28 10-3- 16 B = 1
RN 5 FH i
2.2 BMRAFEEBMER S AR

L2 AT LUE R, 3 453 7IN22 - VK 2P BRI 22 64
R FEFRYFN P AFAE 22 5% o 11-9-3 FITT-3-1b (4 Fll 7Y
AT A 11-23-72 R AR AR AR, 25 A Fukuho b 2 il
AU, 11-9-3 , 11-23-72 Fl Fukuho ¥ 4 K, {H 11-3-1b
RIUART: . R 2P et R A o liZs /N
FIFETE | BN 2 11-9-3 F1 11-23-72 ok As 7 fl 0 | fff
TN T-3-1b 22 T AL IE .

3 05 BT R A R ER AR R B s S0 B 4
FA(F2 .3 7 1), 11-23-72 FEK B 27 T 11-9-3
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FI1-3-1b, F949.3 em; [1-9-3 I 11-3-1b fi K TG 5. 2%
25 3MMARIAY R 2 B KT Fukuho (K1 1C) .
FRHIN 2R 11-23-72 A 18 T 25 B 25 55 T Fukuho , “F- 311

&2 INE-KELRE2PHMAEEZERZMHIKSH (L)

425.7 cm; 11-9-3 11-3-1b 55 Fukuho [ T 2200 i %
25 (F1G) .. RN 11-9-3 F11-3-1b A [FAK
T B8O , BN & 11-23-72 45 B Kl R 25 5000

Table 2 Analysis of main agronomic characters of different 2P addition lines (Beijing)
- ANEERES NERREE ARRIER . LT
. . STEERL . . BT (em) ThiE(g) |,
I A #E (em) o K (em)  Spikelet Kernel Kernel FiK(mm) (mm)
. . Tillering . Stems long  1000-kernel . .
Strain Year Plant height Spike length number per number per number per . Grain length ~ Grain
number . . . ears weight .
spike spikelet spike width

I-9-3  2020-2021 80.43+4.19b 10.75+2.12a 8.21+0.76c 19.88+1.13ab 3.75+0.89a 57.00+£3.03b 18.58+3.68b 28.77+0.96b 6.05+0.25b 2.61+0.03b
20212022 79.05+2.91b 10.90+3.08a 7.73+1.12c 19.92+1.41ab 4.12+0.82a 49.83+3.64b 18.63+3.69b 27.55+2.49b 5.99+0.15b 2.64+0.13b
II-3-1b 20202021 66.62+2.79c 14.30+1.95a 8.35+0.68c 18.60+1.17b 3.90+0.32a 41.00£3.20c 19.83+1.09b 27.12+1.14b 5.91+0.23b 2.61+0.07b
2021-2022 65.4443.06¢c 15.5742.99a 7.83+0.88c 18.71+1.11b 4.43+6.02a 34.7142.97¢ 19.89+1.06b 24.74+1.53b 5.92+0.11b 2.59+0.15b
11-23-72 20202021 83.27+2.51b 13.33+2.06a 10.41+0.87b 20.67+0.87a 4.67+0.50a 69.00+3.74a 2547+1.49a 18.45+1.44c 5.10+0.26¢c 2.48+0.09c
2021-2022 81.94+1.96b 12.70+2.57a 8.59+1.38b 20.80+1.28a 3.85+0.99a 64.25+3.82a 25.75+3.44a 18.33+£3.36c 5.55+0.31c 2.42+0.12¢
Fukuho 2020-2021 93.22+1.72a 13.40+1.67a 12.06+0.94a 20.60+0.89a 4.00+0.71a 71.83+3.13a 16.64+2.70b 31.30+£0.90a 6.54+0.21a 2.78+0.01a
2021-2022 93.63+1.49a 12.70+3.82a 11.78+0.69a 20.67+1.03a 4.50+0.55a 68.33+2.58a 16.80+2.49b 31.02+1.70a 6.45+0.14a 2.79+0.07a

[l — 47 R [ S Bl R R [l AR 22 53 .25 (P<0.05) 5 T I+]

Different letters in the same line indicate significant differences between different materials(P<0.05) ; The same as below

®3 IME-KELRE2PHMAEERZMHKAT(HS)

Table 3  Analysis of main agronomic characters of different 2P addition lines (Xinxiang)

" NEEE NEERIE RERCEC . , FLTE
" e e SrBERL . . T2 (em) THIE(g) Kk (mm)
W& HEAR) i (em) o K (cm)  Spikelet Kernel Kernel . (mm)
. . Tillering ] Stems long 1000-kernel ~ Grain .
Strain Year  Plant height Spike length number per number number per . Grain
number . . . ears weight length .
spike  perspikelet  spike width

1I-9-3 20202021 79.06+3.00b 10.56+1.63a 7.88+0.67c 19.94+1.44ab 3.81+0.66a 49.83+3.71b 18.66+4.39b 24.33+1.88b 5.89+0.24b 2.65+0.09b

2021-2022 79.83+2.66b 10.92+1.62a 7.88+0.57¢ 19.92+1.00ab 3.92+0.29a 53.75+3.05b 18.58+1.97b 28.92+1.44b 6.08+0.16b 2.65+0.09b

II-3-1b 20202021 65.60+2.24c 15.83+1.47a 7.87+1.66c 18.83+£1.47b 3.83+0.75a 33.80+3.27c 19.85+2.70b 23.93+2.66b 5.84+0.32b 2.64+0.08b

20212022 67.67+3.04c 15.33+1.87a 826+0.60c 18.78+1.09b 3.89+0.60a 37.44+2.74c 19.9242.50b 27.38+1.82b 6.02+0.16b 2.64+0.06b

11-23-72 20202021 81.75+3.04b 12.50+1.87a 9.00+1.12b 20.83+1.17a 4.33+0.82a 70.50+2.81a 25.62+3.02a 17.79+3.08c 5.13+0.32c 2.40+0.13¢c

2021-2022 82.00+3.04b 13.78+1.09a 9.36+0.92b 20.78+0.83a 3.89+0.78a 65.11+2.80a 25.80+3.22a 18.92+4.24c 5.31+0.12¢ 2.44+0.10c

Fukuho 20202021 93.48+3.62a 12.40+222a 10.55+0.90a 20.70+0.82a 4.20+0.63a 71.90+2.96a 16.6742.94b 30.52+6.47a 6.26+0.27a 2.94+0.27a

2021-2022 94.80+3.15a 12.60+2.46a 10.91+0.85a 20.50+0.97a 4.30+0.48a 68.40+2.76a 16.80+2.91b 32.10+2.49a 6.36+0.25a 2.86+0.13a

B i & 11-9-3 | 11-23-72 5 Fukuho A9 /N %% G
£ 5 (5 11-3-1b (/N8 2% ik T Fukuho
(F11D), 11-23-72 ARERIES 35 T 11-9-3 A II-3-1b,
I H.5j Fukuho JCiB & 25 5, 7 61.4~74.0 Z 0] ;11-9-3 11
TR 5 T 11-3-1b, {H 5 KT Fukuho (& 1F) .
Tt B BRI 2R 11-9-3 11 T1-3- 1b A7 FA A Rk B A 5500
M 11-23-72 X7 INAZ b BTG B S 5

33 B 2 M4 BHE TRLEE R R TE FLRE €5,
fEPE 25 (F2 23 B 1. K 2), 11-9-3f-3-1b7E
TR E R ORI TE oG i 25 e (RO A RN S
T 1-23-72; 5 FAM B 03 B A ARV EE L 11-9-3
() Tk B AE 24.3~28.8 g Z [0] , B K HFE 5.9~6.2 mm 2.
[] B8 FE 2.6~2.7 mm Z 8], Fb7 5 6 L2 4
Bk
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In the figure, the X axis 1, 2, 3 and 4 represent 20202021 Beijing, 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)

E1 20202022 F/hE-KERE 2P MR EZRZHRS

Fig.1 Analysis of main agronomic characters of different 2P addition lines in 2020-2022
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3153 B0 2R 08k v B Bl R TR A A T AR BRI
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F AR AR S A AR B/ INVFP THT, &btk
PE A B R, 3 B R MR G THT ¥ 3 3R 3 e
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BEHPK L 2P e i (K S 110 4 455 STS A
10, % FE DR 1 3 45 BRI 2 4Rk v 5 A 2P e (i f
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IR, BN 11-9-3 {1535 2654 100%, Bt & 11-3-

1b Ml 11-23-72 W45 38 R 53551 K 70.6% Fll 75.4% . %%
HH 11-9-3 FfHINAY 2P YL (o A i e fa e .

3 Tt

INF SR A LE R Z AR L [ U
et fR 2 a] s BEARL, i UG PR 2% 58 7 A S W 2
I AAT] 32 2 5 T3 73 [ DR e (A v — X e (B 1A
PEFIROS IR0 XX LR 23 Rl U A T IX
HA WA, VK P9 DO AT i S e 0 (A A
T A HEA AL S, S SO R R 23 (R U G P e (1
PRAFAEZE S o DRI, 23A A T 358 2 [ 5 AN ]
TN AR AR AE RS T HAE /N A2 AL i R AP B A A
AEEE L.
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A1 A2 A3 43I BHINER 11-9-3 \11-3-1b  11-23-72 A4 il Ye (14 GISH [ (A5 R=10pum ) ; B : 7Nz -PK 5 2P Bt R AR RRTE A5 1, A2 B IR
4 Fukuho \11-9-3 . 11-3-1b . 11-23-72; C1 ,C2 43 51| /N 22 K RE 2P BEIn 2 A B LE T LA AT €], 0[] B3 D1.D2 D3 . D42 43 5124 11-9-3 . 11-3-
1b.11-23-72 Fukuho FFFKEK]

Al, A2, A3 were addition lines 11-9-3, TI-3-1b, and 11-23-72 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, 11-9-3, II-3-1b, 1I-23-72; C1 and C2 are the front and
side images of the fringe of 2P addition line respectively, the same order as B. D1, D2, D3, D4: The grain plots of 11-9-3, 1I-3-1b,
11-23-72 and Fukuho, respectively
El2 /NE-7KE2PMINFREA GISH B FER AT HLE
Fig.2 GISH patterns, plants, ears and grains of 2P additional lines

F4 INEIKERE2PHMATIAMREESER ;
Table 4 Identification of powdery mildew resistance of

different 2P addition lines F i
Pt Yot A L
Material Disease resistance Reaction type ' i '
H1fE 9504 ek 4 : o8 8
Zhongzuo9504
Fukuho (a1 4 Fukuho 11-9-3 1I-3-1b 11-23-72  Fukuho 11-9-3 [1-3-1b 11-23-72
11-9-3 [N 2 B3 /NE-KE2PHMAREHENRE (L)

r 2 1 =
Lt - . MRS () AT
Fig.3 Identification of powdery mildew (left) and leaf rust

11-23-72 A 0;

(right) at seedling stage of 2P additional lines
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