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Evaluation of Agropyron cristatum 1PS and 1PL Translocation
Chromosome in Different Wheat Backgrounds for
Plant Architecture Improvement
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LI Xiuquan, YANG Xinming,ZHANG Jinpeng, LI Lihui
(Institute of Crop Sciences, Chinese Academy of Agricultural Sciences, Beijing 100081)

Abstract: Agropyron cristatum L. (2n = 4x = 28, PPPP) with a large amount of alien elite genes are
valuable genetic resources for the genetic improvement of wheat. According to previous studies, the genes on
chromosome 1P of A.cristatum can improve plant leaf shape. However, it is unclear that the leaf shape changes
and possible linkage drag exist in the translocation lines. The aim of this study is to detect the genetic effect of
wheat-A. cristatum translocation lines TIPS+1AL and T1AS:1PL on major agronomic traits in different wheat
backgrounds, in which wheat-A. cristatum translocation lines 1PS and 1PL were crossed with eight common
wheat varieties, followed by investigation and analysis of agronomic traits in F, segregation population. The
results showed that A4. cristatum chromosome short arm 1PS reduced the length of top third leaves and its plant
height reduction level was 3-8 cm while no significant difference on yield traits were discovered. Furthermore,
the plant phenotype of the translocation line T1AS+ 1PL were shaped with a decrease in the grain yield than those

of non-translocation plants. Offspring performance of translocation Chromosome in related to both wheat genetic
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backgrounds and A.cristatum alien chromosome. Finally, we screened 75 F, individual plants with favourable

leaf shape and unchanged yield traits to be used for wheat breeding. In conclusion, this study reported two pre-

breeding germplasms of wheat-A. cristatum 1P translocation lines had significant genetic effects on plant

architecture improvement, which could guide the future utilization of A. cristatum 1P chromosome translocation

fragments.

Key words : Agropyron cristatum ; T1PS - 1AL translocation line ; T1AS - 1PL translocation line ; plant

architecture ; genetic effect
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Fig.1 Design principle of KASP primer
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Fig.2 The identification of 1P/1A homozygous translocation lines by GISH
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A VKB 1P YA fR KASP 519, A0 807 ok 1P Y (AR I BP0 i bsic oA, il R FMER VKT 1P Y (IR 35 2200 s B DK 1P
S 519 1PS-16290 S IE 1PS 2 (ERFI AR 3 455 5 C vKRE 1P 514 1PL-31030 S8 0iE 1PL By SLRFA AT 4345 5% s FAM A5 5 (i () fR ek i
PILINAY, HEX 5 5 (LL0)UFRNE AFER R, 5 (A5 5/ NE KRR 55 5 (W2 P)

A: KASP primers distribute on 4. cristatum chromosome 1P; The number on the left is the physical map of A. cristatum chromosome 1P, the right is

the markers distribution, and the circular ring in the middle represents the centromere of 4. cristatum chromosome 1P; B: Partial results from the

1PS translocation population verified by the 1P short-arm primer 1PS-16290; C: Partial results from the 1PL translocation population verified by the

1P long-arm primer 1PL-31030;FAM signal (blue) represents the P genotype of A. cristatum, HEX signal (red) represents the A genotype of

&3

wheat, and green signal is a hybrid signal of wheat/ 4. cristatum (W:P)

chromosome 1P and wheat chromosome 1A

TKEIPFUNEZ IA L BEL T KASPS | MIA LK RIGIELER

Fig.3 Development and verification results of codominant KASP primers for A. cristatum
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Table 1 KASP primer sequence on chromosome 1P from A. cristatum under wheat background

75 GIEYE40S Y75 (5-3") 7 SR e eS| o7 (Mb)

Number Primer name Primer sequence(5'-3") Variation locus  Allele type Location

1 1PS-3850 FAM 5|49y GACTCAAGCTTGGGAAACTGTAAAAG G VKE 1PS 24.7
HEX 5% CGACTCAAGCTTGGGAAACTGTAAAAT T /NZZ1AS
il EEIEY) CCACGGCTGGGCTTGACTTT

2 1PS-9180 FAMB|¥) CATCGCCGCGTTAGGGTCT C PKHE 1PS 59.9
HEXB|# TCGCCGCGTTAGGGTCC T JNFE 1AS
SN EEIEY) CTTCCGGGCGATGAAGGAG

3 1PS-13610 FAM 514 GCATGAGCCCATTCCTTCG G VKL 1PS 94.8
HEX 514 TGCATGAGCCCATTCCTTCA /NA1AS
NI GCTGCTGATGTCTTGGCAGGT

4 1PS-16290 FAM5|#¥) GATCCAAATGGACTTCCATGATTAAC C VK 1PS 121.8
HEX 5% GATCCAAATGGACTTCCATGATTAAT T /N 1AS
il siCIEY] GAAACTGGGGATCGAGTCTCAGT

5 1PS-18740 FAM5|4¥) CCCCAACACCATCTGATTCATTC C UK 1PS 151.4
HEXB|# ACCCCAACACCATCTGATTCATTT T INFE 1AS
SN EIEY) GCCAATCCTGTGAATGGAGGAA

6 1PS-19960 FAM 5% TGGCGACATCGTCGAAGTCG G VKL 1PS 181.5
HEX 514 TGGCGACATCGTCGAAGTCC /NE1AS
NI CCGGATTCCCCTGCCCA

7 1PS-20850 FAM5|#¥) AGGCACAACCCAACACAGAACT T VK 1PS 201.9
HEX 5% GGCACAACCCAACACAGAACC C /N 1AS
WS GTGATACTGGTAGTCACCTTCCTCG

8 1PS-21510 FAM3|#) CGGAGATCTTGGATATAGGTGAGCA VK5 1PS 221.8
HEX 5|4 GGAGATCTTGGATATAGGTGAGCG INAZ 1AS
SN EIEY) TCCGGAGAGGAACTCAACTCTCA

9 1PL-31030 FAM 519 CGTCCATGGTGTGCCTCCTG G VK 1PL 363.4
HEX 5|9 CGTCCATGGTGTGCCTCCTC /N 1AL
N EIEY) GGACATCTCGAAGGACTTGGCG

10 1PL-33650 FAM5|#) CCGGCGAGAAGGACAAGTCC UKEE 1PL 395.0
HEX 5% CCGGCGAGAAGGACAAGTCG G /NAZ 1AL
siEIEY) CGTCACGCCGATGAAGTACTCGT

11 1PL-43010 FAM 5|4 CGGCCAGCAGGACCGGT UKHL 1PL 482.6
HEX 5% GGCCAGCAGGACCGGG G /N 1AL
SN EIEY) GAAAGACCTCGCGGACCCA

12 1PL-51360 FAM 519 GCCAAGATCTACGTCGCGTTC C VK 1PL 541.6
HEX5|¥) GCCAAGATCTACGTCGCGTTT T /N 1AL
NI TGGGAGAGGCGGTAGGAGAAC

13 1PL-60840 FAM5|¥) GCGGCCCATCCGGAAG G UKEE 1PL 605.1
HEX 5% GCGGCCCATCCGGAAC /N 1AL
siEIEY) TACCCGGAGGCGGAGTTCT
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R2 KB IPSRBESATE/NEY S 3B 00
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2 S5

Table 2 Genetic analysis of leaf pattern on different A. cristatum chromosome 1PS segregation populations

s o o T (em) ﬁﬁﬂfﬁ(cm) 8]~ (em) 1§U:ll.1'ﬁ(cm) H =0 (em) ﬁﬂzﬂ'fﬁ(cm)
Number  Variety Type Length of Width of Length of Width of Length of Wld'th of
flag leaf flag leaf top second leaf  top second leaf top third leaf top third leaf

1 JIIZZ 104 P:P 18.46+3.08 1.96+0.18* 23.58+2.62 1.72+0.16* 21.45+£2.57* 1.46+0.14
Ww:w 18.27+2.81 1.87+0.18 23.64+2.91 1.65+0.15 22.77+2.57 1.42£0.16

2 #8901  P:P 15.12+2.44 1.71+0.26 21.7442.55 1.53+0.18 20.90+1.36 1.33+0.12
W:w 14.63+2.39 1.66+0.21 21.20+2.34 1.51+£0.13 21.65+£2.29 1.34+0.12

3 BRA 163 P:P 15.3442.96 1.87+0.28 21.27+2.60 1.7240.13 19.43+1.92% 1.44+0.14
W:w 15.77+£2.78 1.83+0.23 22.14+£2.34 1.66+0.20 20.83+2.38 1.43+0.19

4 THYE126 PP 15.61+2.47 1.88+0.20 22.63+£2.24 1.72+0.14 21.78+2.41 1.47+0.14
W:W 16.01+3.11 1.89+0.20 22.36+2.26 1.70+0.18 22.35+2.45 1.50+0.16

5 HA207  P:P 15.35+2.45 2.09+0.16 20.83+2.25 1.83+0.14* 18.13+2.01%* 1.66+0.13*
W:w 16.01£2.53 2.024+0.22 21.29+2.28 1.76+0.14 19.35+1.80 1.60+0.12

6 P4 979 P:P 15.91+2.86 1.96+0.20%** 21.48+2.50 1.73+0.14%* 18.92+2.02%* 1.55+0.14%**
W:W 15.80+3.01 1.85+0.18 21.58+2.79 1.65+0.14 19.61+2.28 1.49+0.14

7 h# 578  P:P 16.86+2.80 1.80+0.24 21.91+£2.45 1.560.14 20.37+1.96 1.35+0.17
W:W 16.43+2.47 1.76+0.23 21.39+1.96 1.56+0.18 20.09+2.02 1.35+0.16

Fer B R bR E 22 s * R FRAE P<0.05 7K 125 57 i 3 5 ++ (R FAE P<0.01 K- 2257 B2 R IH

The data in the table are the mean + SD; * indicates a significant difference at the P<0.05 level; ** indicates a significant difference at the P<0.01

level ; The same as below
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Fig.4 Genetic effect analysis of 1PS translocation line
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Table 3 Genetic analysis of leaf pattern on different 4. cristatum chromosome 1PL segregation populations

B R K JEEH-1 (em) )‘Jﬁ”ffﬁ(cm) fE =i (em) @J:lﬁ‘jﬁf(cm) Bl =K (em) @leﬂ“ﬁ(cm)
Number  Variety Type Length of Width of Length of Width of Length of Wl(i.th of
flag leaf flag leaf top second leaf top second leaf top third leaf top third leaf

1 HA607  P:P 14.91+2.00* 1.81+0.16%* 19.32+1.88 1.62+0.13** 19.59+1.82 1.46+0.14%*
W:W  16.06+£2.03 2.05+0.15 20.02+1.56 1.78+0.11 19.74+1.77 1.53+0.12

2 #8901  P:P 15.2342.53 1.70£0.17** 20.44+2.15 1.54+0.10%** 19.9542.32 1.3740.13*
W:W  16.09+2.60 1.85+0.19 20.84+2.01 1.65+0.12 20.32+1.75 1.43+0.11

3 #4163 P:P 14.27+2.45%* 1.54+0.14%* 20.21+2.14%* 1.48+0.11%* 20.36+2.14 1.36+0.11%*
W:W  16.04+£2.89 1.77+0.19 21.58+2.57 1.61+0.14 21.00+2.23 1.45+0.11

4 THYE126 PP 14.95+2.80 1.6140.15%* 21.7142.68 1.5540.12%* 22.5242.55 1.4320.11
W:W  16.02£2.97 1.80+0.19 22.61+2.66 1.65+0.13 22.5742.53 1.48+0.14

5 H4207 P:P 16.35+2.64** 1.88+0.18** 23.114+2.65%* 1.73+0.17** 22.69+1.98 1.60+0.13**
W:W 18.05+3.13 2.12+0.20 23.96+2.38 1.87+0.15 21.95+2.33 1.68+0.14

6 V4979  P:P 13.98+2.65%* 1.59+0.17** 18.304£2.11%* 1.50+0.12** 18.60+1.95%* 1.41£0.12%*
W:W  16.15£2.46 1.81+0.18 20.20+2.23 1.66+0.13 19.98+1.99 1.50+0.13

7 #5788 PP 15.51+2.50 1.68+0.15%* 20.43+2.36 1.53+0.10%* 20.18+1.53 1.38+0.08**
W:W  16.08+2.13 1.82+0.14 21.19+2.21 1.64+0.13 20.88+1.68 1.454+0.10




2 4

FEPUBESE - DK 1PS FI1PL 5 (4% (1A S AN TR]/INA T 55 ol R AR TR ) s AL 8O0 A

201

HY 8901, P 979 FiIHhZz ST HEAAR N PH I AE I
PRIF AL BRI S 25 T B, FLAth 75 s o AT FEAIG L (H
HIREN B EAFE (K SA) . HA 607 Hidk 8901 IR F
163 BEARAYAT 85043 BEAE PHMAR MR P B & 1 I (1 SB) .
FRA IR 5 X = i MR 2558, 7S iR /N A
1PL Ji %R E 4 3 R 35 1 £ 35500z (JE SF) o /)N
FRLECRI R E ) B 2B, 4R 607 Hibik 8901 . 7Y

A 140 O w:w = p:P

Ly = P=0213 p=.143 P08
] < P=0072 P=0005 p=0.02
< e, — : i

3 oo

H i s H
> b < %
HEE g

PR

Plant height
3
1

w
w
1

0 1 1 1 1 1 1 1
FIN8I01 FAK607 1B 163 HA207 Fufk979 3578 TH ¥ 126

C  30- O w:w 3 P:P

] -

= P=0.61

@ 5 P=0.067 w oo

5 P=0931 . P=0.591 2

g | . 5 S
5 a2 =S5 2=
BB - W=
< = -

ERE

< 157

-~

a .

175}

lc 1 1 . 1 1 1 1 . 1
EI8901 HAKR607 IBF163 HA&K207 F54K£979 HFE578 TH %126

E 1204 COwW:w =ap:p

g w s P=0.164 p— 8

BO1EEI et 2l 98100

2 =362x10 . T P=0.057

5 - o > % — P=0.509
& 8 80 e : . & .3 ¢ =
7 2 ™ -
o g s " 3|8 ’ ¢

= 404 .l . i

Q

£

o

M

|

N ¢

0
ﬁﬁs'%l EZ%l607 7%%163 Eklzw im%:m th
fmil Variety

1 1
578 TE K126

4979 FI A 207 T 5t X SE R AR 8 AR (&1 SD
E). VKR IPL S A/NZZ G , B 520 /INAZ g 7Y i
ZARNZIE AR AE MR AR S R o A, (EUE (R R
XTI TR S e R A T R, A 1PL
AFAERRI R R DR A RIS SR X e R AN
HOBERR A BRI 1PL A RS R A SR
Bk AN I DR Iy SR P 0 R

B 304 I W:w =ap:p
1 P=0.199
P=0.014 _ 4
8 50 v gl R P=0.984 P=0441 P=0.144
E s 2= & I, 2
wE JiT i I I S:& :: :2:=
®E =0 =F | =5 =
s 109 (S =L 1 Eht EULL OEN
g | B o HINE : dl
0

%Jﬁzs'%l ﬁZz'607 ‘Ef‘m ﬁZz'zm iﬂiiz'979 ¢f§78 ?iélze

D. 87 ] w:w = p:p
o
i) P=3.55x10"*
z 2.9
= @ ] P=0.025 P=0.025 P=0.563 P=0.01 P=0.647 P=0.5
B e o¢ oo aoe wme aoa o
=
55
%'ﬂ 4 - -
< §
ER
S
g
Qo
Y,
0

#8901 EZz'sm ‘L?fll@ Elezm ﬁiﬁém *f5l78 ‘?ié}l%

F 80+ Cw:w DR
P=7.95x10" P=3.05x10"
P=101x107 ~ p=L3ixI0" T P=asxa0t
£ e T =
5 a0 £ 2 ‘
#E A
2 ] !
o' .
(=3
=

0

Ehﬁs‘m EZzl607 ‘i%f'm EZE'207 EZE'979 EP§5I78 ﬁ‘—'?%z%lzs
fmil Variety

B 5 1PL S RMEEM ST

Fig.5 Genetic effect analysis of 1PL translocation line
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Table 1 Number of single plants in F» segregation populations

N R PAASRAN 1PS B R CGHAER/AND PAASRADY 1IPL LR GHEAARKN)
Wheat background Donor parent is TIPS* 1AL translocation line Donor parent is TIPL-1AS translocation line
i 8901 124 177

AR 607 — 187

A 163 143 177

A 207 123 245

P 979 347 187

3 578 168 179

JIIZ 104 190 —

THE 126 118 168




Mgk 23 INE-KE 1P BERM REKHRZ MR

Table 23 Agronomic characters of excellent individual plants in wheat-Agropyron cristatum 1P translocation lines

LIRS T e [ {8 58 = 5] =g ki

5t Ve WS 5rBE /INEEEL IR EL MRH  THE(
(cm) (cm) (cm) (cm) (cm) (cm) (cm)
Background Type Number LFL WFL LTSL WTSL LTTL WTTL PH TN SNS KNS GNS TGW
HA 607 1PL 29592-7 16 1.6 225 1.4 21.4 1.3 51 15 20 3 44 43.04
B4 607 1PL 29620-5 13 1.9 15.8 1.6 18 1.5 58.5 12 20 4 51 39.48
HA 607 1PL 29620-6 13.5 1.8 17.2 1.7 183 1.5 61 12 20 4 52 39.12
HA 607 1PL 29626-9 16.3 1.7 17.6 1.5 16.2 13 58.5 12 20 5 68 41.08
HA 607 1PL 29627-8 162 1.8 19.6 1.6 18.7 13 68 14 20 4 62 4234
HA 607 1PL 29629-8 16.8 1.7 20.9 1.5 223 1.4 64.5 12 20 3 51 43.49
JIIZ 104 1PS 29334-5 17.7 2 253 1.8 249 1.6 68 10 21 4 62 4836
JIIZE 104 1PS 29340-4 23.8 2 252 1.7 243 1.6 73 14 20 4 67 59.02
JIIZE 104 1PS 29340-16 20 2.1 23.7 2 19 1.4 60.5 18 21 5 68 51.43
JIIZE 104 1PS 29344-3 222 2.5 24 2 20 1.4 49 13 21 4 70 57.57
JIIZ 104 1PS 29344-11 18.6 2.1 212 1.9 19.1 1.4 61 12 23 5 83 49.28
JIIZE 104 1PS 29344-13 15.8 2 23 1.8 20.4 1.6 59.5 13 21 5 71 51.66
JIIZE 104 1PS 29345-10 17.3 2 26.2 1.6 26 1.3 70 15 20 4 62 58.41
JIIZE 104 1PS 29348-9 14 1.8 213 1.7 21 1.5 62 10 17 4 51 52.63
JIIZE 104 1PS 29348-12 19.7 2 26.5 1.8 223 1.7 72 10 20 4 62 55.17

Ik 8901 1PS 29444-3 12.4 1.6 20.8 1.4 21.5 1.4 70.5 13 19 3 40 51.89
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e i L JEC Uy SO £t = = ki

GBS VIne s 7351 7y BE N IR ORI TRIE (g
(cm) (cm) (cm) (cm) (cm) (cm) (cm)
Background Type Number LFL WFL LTSL WTSL LTTL WTTL PH TN SNS KNS GNS TGW
Hil 8901 1PS 29452-7 15.4 22 19.3 1.9 19.1 15 575 14 20 4 67 45.84
Hil 8901 1PL 29511-6 14 1.8 17.5 15 16.3 13 56 16 20 4 48 38.48
2 8901 1PL 29513-8 14.6 1.8 19 1.6 18.2 1.5 69 12 21 5 68 37.17
Fidg 8901 1PL 29521-1 14.2 1.6 17.7 1.3 14.6 1 60 9 17 3 50 42.94
BE 163 1PS 28949-4 14.7 1.9 23 1.8 21 1.6 70 12 20 4 60 52.60
B 163 1PS 28949-7 17.6 1.9 23.7 1.8 18.7 1.5 61 16 20 4 61 55.55
B3 163 1PS 28949-8 19 2 23.8 1.7 18.6 1.2 58 12 21 4 66 48.83
B3 163 1PS 28949-11 14.3 1.9 20.8 1.7 19.6 1.5 59 15 21 4 67 47.16
B 163 1PS 28950-4 21.5 22 25.4 1.9 23.3 1.6 68.5 16 23 5 80 55.78
BE 163 1PS 28955-6 14.6 1.6 20.7 1.6 19.8 1.5 74 12 21 4 60 55.14
BE 163 1PL 28976-4 17.3 1.6 22 1.5 21.7 1.5 70 16 20 4 63 44.99
BE 163 1PL 28976-8 14.5 1.8 18.6 1.7 19 1.4 61 15 20 4 54 43.20
THEE 126 1PS 28442-6 18.4 2 25.8 1.8 25.2 15 58 15 20 4 67 50.00
T 126 1PS 28445-12 12.7 1.7 21.6 1.6 21.8 1.5 67 13 22 4 68 48.75
THT 126 1PS 28449-3 12.5 1.7 21 1.7 20.9 1.6 69 13 20 4 53 65.23
THEE 126 1PS 28449-4 20 2.1 22.7 1.7 22 1.4 67 12 20 4 58 54.48

THTT 126 1PS 28451-1 13 2 20.2 1.7 20.1 1.5 55 15 20 4 54 57.84




Bk 3 (40D

IS gt 5 3 5] 5 =K 5 =5 735
GBS VIne s 7351 7y BE N IR ORI TRIE (g
(cm) (cm) (cm) (cm) (cm) (cm) (cm)
Background Type Number LFL WFL LTSL WTSL LTTL WTTL PH TN SNS KNS GNS TGW
T 126 1PS 28451-2 20.2 1.9 26.5 1.7 232 1.4 68 14 22 5 79 51.62
THE 126 1PS 28451-9 152 1.9 21 1.8 20.2 1.5 53 15 19 4 60 46.45
THET 126 1PS 28452-4 14.7 2 23.5 2 24.8 1.6 58 10 19 4 54 55.16
THEE 126 1PL 28454-1 19.7 1.9 23.5 1.7 22.3 1.4 59.5 15 17 5 56 48.67
THEE 126 1PL 28472-1 16 1.8 22.3 1.7 25.1 1.6 715 14 23 5 75 45.50
A 207 1PS 12935-17 17.6 22 24 1.8 21.5 1.6 73 12 19 5 67 54.10
A4 207 1PS 12939-13 15.1 2.1 20.4 1.9 18 1.7 73 12 22 5 74 49.01
P4 979 1PS 12694-2 19.3 2 25.6 1.7 21 1.5 65 11 24 5 74 44.86
P4k 979 1PS 12695-9 19.2 2 24.4 1.8 18.7 1.6 54 16 22 4 78 46.69
Pi4k 979 1PS 12697-2 19.2 22 27 2 22.4 1.8 70 12 22 4 73 45.55
Pi4k 979 1PS 12701-8 22 22 27.5 1.9 22.3 1.8 74 18 24 5 97 45.19
7k 979 1PS 12706-10 16.2 2 21.7 1.8 18.6 1.7 69 19 22 5 78 45.98
P4 979 1PS 12710-2 16 2.1 21.5 1.7 20 1.6 73 14 20 4 60 51.49
P4 979 1PS 12720-6 15.6 1.6 18 1.4 17 13 65 12 20 4 52 44.13
P4k 979 1PS 12723-3 15 1.9 22.7 1.7 21.6 1.5 74 13 21 5 78 44.90
Pi4k 979 1PS 12725-4 15.2 1.9 22 1.8 21.7 1.6 73 10 22 5 78 46.05
Pi4k 979 1PS 12725-10 14.4 22 18.7 1.9 18.1 1.8 67 10 23 5 80 49.79
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e i L JEC Uy SO £t = = ki

GBS Vet s Iy BE NS ANEERIE RERIEC TRIE ()
(em) (em) (em) (em) (em) (em) (em)
Background Type Number LFL WFL LTSL WTSL LTTL WTTL PH N SNS KNS GNS TGW
P4k 979 1PS 12730-2 14 2 23 1.7 18.6 1.6 68 10 22 5 72 50.11
P4k 979 1PL 28739-6 13 1.7 19.2 1.6 18.3 1.5 67.5 9 19 4 59 45.22
PaA 979 1PL 28739-9 18 1.9 22.7 1.7 21.5 1.6 74.5 16 20 4 62 42.70
PiAk 979 1PL 28749-6 16.8 1.5 20.3 1.5 19.1 1.3 71.5 13 20 4 67 44.34
PiAk 979 1PL 28754-9 12.3 1.2 17.7 1.3 18 1.2 68 11 18 4 48 42.71
% 578 1PS 28857-1 12.7 1.7 16.6 1.6 18.8 1.5 55 10 19 5 59 54.48
W5 578 1PS 28857-8 18 1.7 19.5 1.5 19.8 13 67 11 18 4 48 57.58
5 578 1PS 28859-2 18.7 1.7 22.7 1.5 20.3 13 63 12 18 4 51 54.37
15 578 1PS 28859-12 16.3 1.9 22 1.7 18.6 1.4 49 10 19 4 53 46.36
3 578 1PS 28863-8 16.3 1 232 1.4 20 1.2 60 10 19 4 61 54.02
3 578 1PS 28866-3 19 1.8 23 1.3 22 1.3 57 11 21 4 54 55.37
% 578 1PS 28866-7 13 1.4 20 1.5 17 1.3 50 10 19 4 48 48.62
W5 578 1PS 28867-5 18.3 1.8 23 1.5 20.5 13 56 11 18 4 55 50.83
W5 578 1PS 28870-8 20.3 1.9 26.5 1.5 20.4 1.6 74 10 20 4 59 57.87
152 578 1PS 28870-11 18.9 2 223 1.7 20.4 1.4 53 14 20 4 59 52.69
3 578 1PL 28873-9 15 1.8 21.5 1.5 20.4 1.4 63.5 11 20 4 57 46.99

s 578 1PL 28875-3 14.4 1.6 203 1.5 21.2 13 53.5 13 18 4 41 51.14
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MK T 5 LTIy SO < B Bl=rK  F=r 7 3=
A G 7 Iy 5E INEEE ANEERRIEC BRI TRIE (@)
(cm) (cm) (cm) (cm) (cm) (cm) (cm)
Background Type Number LFL WFL LTSL WTSL LTTL WTTL PH N SNS KNS GNS TGW
i 578 1PL 28875-4 185 1.8 21.6 1.6 19.1 1.4 49.5 13 19 5 68 43.92
i 578 1PL 28879-6 143 1.6 21.7 1.6 215 1.5 57.5 14 19 4 54 43.89
i 578 1PL 28879-7 16 1.6 22.3 1.5 21.6 1.4 68 12 20 4 57 4493
i 578 1PL 28883-1 14.8 1.7 17.1 1.5 16.8 1.3 43 12 19 3 40 4431
i 578 1PL 28884-7 163 1.8 18.2 1.4 18.1 1.3 64 12 22 4 56 47.40
Wiz 578 1PL 28904-2 12.8 1.6 183 1.5 20 1.4 59 16 21 4 57 45.09
% 578 1PL 28905-1 20.3 1.9 24.6 1.7 21.3 1.4 69 12 19 5 62 46.54
5 578 IPL 28905-3 17 1.9 19 1.6 18.1 1.5 61.5 12 19 4 47 44.70

LFL: length of flag leaf, WFL: width of flag leaf, LTSL: length of top second leaf, WTSL: width of top second leaf, LTTL: length of top third leaf, WTTL: width of top third leaf, PH: plant height, TN: tiller number,

SNS: spikelet number per spike, KNS: kernel number per spike, GNS: grain number per spike, TGW: thousand-grain weight



