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Abstract: To clarify the effects of different dwarfing genotype combinations on stem traits and individual plant
yield in hybrid wheat, seventeen known molecular markers for wheat dwarfing genes were used to
screen six male sterile lines and six restorer lines. A total of 36 diallel cross combinations were pre-
pared, and plant height, stem characteristics, and individual plant yield of F, hybrids from different
combinations were investigated. The results showed that all 12 parental materials contained the Rhtl
gene. Rht8 was mainly distributed in the male sterile lines, and Rht24 was predominant in the restor-
er lines. Rht2, Rht4 and Rhtll presented low distribution frequency among the 12 materials, and
Rht3, Rht5 and Rhti14 were not detected in any tested materials. The combination of different dwar-
fing genes carried by the parents significantly affected the combining ability for plant height in the F,
generation. For instance, restorer line 17ARH41 showed excellent general combining ability for plant
height reduction when crossed with male sterile lines Xiaoyan 22A and Jin 11324A. The combinations
containing the Rht4 had the highest filling degree of peduncle internode(1. 66 mg * cm™ ') and pedun-

1

cle internode ratio (39. 48%), in contrast to 1. 65 mg * cm ' and 38. 5% recorded in combinations

without Rht4. F, hybrids derived from the crosses between restorer lines 17ARH44, 13AR55 and six
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male sterile lines displayed obviously heterotic differences in stem breading resistance and puncture re-

sistance. The two restorer lines differed only in the presence of the Rht13 gene in their dwarfing gene

constitutions. Stem type index was positively correlated with the second internode ratio and individual

plant yield, with correlation coefficients of 0. 90 and 0. 68 respectively. The optimal F, combinations

achieving favorable balance between lodging resistance traits and individual plant yield were Xiaoyan

22AX17ARH44 and Jin 11324 A X17ARH44.

Keywords: Hybrid wheat; Dwarf gene; Heterosis; Stem characteristics; Single-plant yield
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Table 1 Primer information of dwarf genes

A 519 519 ¥ 51 B 2% 3k
Gene Primer Primer sequence (5'—3") Tm/C Reference
BF-MR1-F GGTAGGGAGGGCAGAGGGCAG
Rhtl 63 [12]
BF-MRI1-R CATCCCATGGCCATGGCCATCTGCAGCTA
DF-MR1-F CGCGCAATTATTGGCCAGAGATAG
Rhe2 63 [12]
DF-MRI1 R CCCCATGGCCATCTGCAGCTGCTA
F ATGCCGTCTACAACTACTACGCTG
Rht3 63 [13]
R TAGTGCACGGTGTCCGTGGGCA
WMC317-F TGCTAGCAATGCTCCGGGTAAC
Rht4 61 [14]
WMC317-R TCAGCAAACCTTTTCCTCCTCC
BARC102-F GGAGAGGACCTGCTAAAATGCAAGACA
Rhts 52 [14]
BARC102-R GCGTTTACGGATCAGTGTTGGAGA
WMC503-F GCAATAGTTCCCGCAAGAAAAG
Rht8 57 [15]
WMC503 R ATCAACTACCTCCAGATCCCGT
BARCI51-F TGAGGAAAATGTCTCTATAGCATCC
Rht9 59 [15]
BARCI51-R CGCATAAACACCTTCGCTCTTCCACTC
WMC617-F CCACTAGGAAGAAGGGGAAACT
Rht10 59 [15]
WMC617-R ATCTGGATTACTGGCCAACTGT
F GGTAGGGAGGCGAGAGGCGAG
Rhtl1 R GGCCATCTCCAGCTGCTCCAGCTA 62 [16]
WMC410-F GGACTTGAAAGGAAGCTTGTGA
Rhtl2 WMC410-R CATGGATGGCATGCAGTGT o7 [17]
WMS577-F ATGGCATAATTTGGTGAAATTG
Rhels WMS577-R TGTTTCAAGCCCAACTTCTATT o8 [17]
BARC3-F TTCCCTGTGTCTTTCTAATTTTTTTT
Rht14 52 [18]
BARC3-R GGCAACTCCGCAACATTTTTAT
F ACATGGCGGACGTGGTGT
Rhtl7 60 [19]
R GCCGAGAGAGGACGAT
XWMCT753-F AAGGTGAAGATGATGCTCGC
Rhe1s XWMCT753-R TGACTGATCATGGATTGCCC o5 [20]
Xgwmd71F ACCTCATCCACATGTTCTACG
Rhiz2 Xgwm471-R GCATGGATAGGACGCCC 60 [21]
Gdm63-F GCCCCCTATTCCATAGGAAT
Rht23 60 [22]
Gdm63-R CCTTTTGATGGTGCATAGGA
TaRK F TGGGGCCAAATGGCTTAGATATCG
Rhi24 59 [23]
TaRK R CCAGTGAGCTGATTCTCCTGCAGAGT

JIT 6 A AR R SR B I O BRI T e DAY HLZE S Y ORI A ZE A [ I s R
ZERT L T A W 25 AT 0 T I E A ORI HE AL I 90 SR R 5 0 25 AT 3R B I 48 Y 4R K 3
e AR R T E AT B S AN R TR W e OND ORI Sk A B T AR (mm®) IR 33 ZE AT 2
MR 1 mm® BP0k, (R B T 2R P A
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A: Rhtl;B: Rht12;C: Rht18; D: Rht17;E: Rht23; F: Rht24;1: %57 20A;2.76 5385A:3 . /IME 22A54 . 11324 A;5: 1114 22A56.
Wk 707A;7:17TARHA1;8:13AR55;9:15AR40-1;10:17ARH12;11:17ARH44;12:17ARH27,

A: Rht1;B: Rht12;C: Rht18; D: Rhtl7;E: Rht23; F: Rht24;1; Jimai 20A;2: Cang 5385A;3: Xiaoyan 22A;4: Jin 11324A;5;
Shannong 22A;6: Pubing 707A;7:17ARH41;8: 13AR55;9: 15AR40-1;10: 17ARH12;11: 17ARH44;12; 17ARH27.
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Detection results of Rht genes

BT EERN LR

Table 2 Results of dwarf gene detection

Mt{jjldl HP/cm Rhtl Rht2 Rht3 Rht4d Rht5 Rht8 Rht9 Rhtl10 Rhtll Rht12 Rht13 Rhtl4 Rht17 Rhtl18 Rht22 Rht23 Rht24
WA 20A _ _ L - _ _ _ _ _ _ _
Jimai 20A 84.0 + + + +
# 5385A _ . L _ _ _
Cang 5385A 78.5 + +  + + + + + + + +
/ME 22A L - - B
Xiaoyan 22A 77.5 + + +  + + + + + + + +
H11324A S - B
Jin11324a MO T + 4+ o+ o+ o+ o+ 4+
ik 22A o o o o o o o o o o o o
Shannong 22A 80.0 + + + + +
Hvk 707A - B B
Pubing 707A  $%-° T T + + + o+ + o+ + o+
17ARH41 95.0 + — — — — — — — — — + + -+ + —
13AR55 89.0 + — — — — — — — — — — — + + + + +
15AR40-1  81.5 + — — — — + + + - = 4+ = = + + o+ =
17ARH12 83.5 + — — — — — — — — — — — + + + 4 +
17ARH44 83.0 + — — — — — — — — — + — + + + 4 +
17ARH27 93,0 + — — — — — - - = = 4 = 4+

HP b +3Rm K th BARZ i . — FoR R B AR 54T .

HP:Plant height; + indicates that the target band is detected, and — is not detected.
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Table 3 Effects of parental dwarf gene compositions on plant height and its general

combining ability(GCA) in F, hybrids cm
¥k Planth eight
sz . o 5385 ) ey —_ GCA
Restorer line A& 20A ¥ 5385A /M 22A HE11324A e 22A WK 707A S E
Jimai 20A  Cang 5385A  Xiaoyan 22A Jin 11324 A Shannong 22A  Pubing 707A Average
17ARH41 90.0 86.0 84.0 89.0 90.0 87.0 87.7 —1.9
13AR55 93.5 92.5 85.0 90. 0 92.0 92.0 90. 9 1.4
15AR40-1 95.0 90.0 88.0 88.0 86. 0 95.0 90. 3 0.8
17ARHI12 93.5 86.5 83.5 81.5 90.0 87.5 87.1 —0.6
17ARH44 93.0 87.0 90.0 81.0 94.5 97.5 90.5 0.9
17ARH27 90.0 88.0 86.5 86.5 90.5 92.0 88.9 —0.6
SF-HI{H Average 92.5 88. 4 86. 1 86.0 90. 8 91.8 89.1
GCA 2.4 —0.9 —2.9 —2.7 1.1 3.1
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EMF

836 A~ F A AR 2 R 2H AR [R) S A5 01
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Table 4 Effect of parental dwarfing gene compositions on mid-parent heterosis for stem strength in the F, hybrids %
#4 R | ZERFERY P 20A 5385A /IME 22A HE11324A 1 22A Lk 707A A
Variety Stem strength  Jimai 20A Cang 5385A  Xiaoyan 22A  Jin 11324A  Shannong 22A Pubing 707A
17ARH41 SBR 10.13 2.39 22.67 15.12 —0.19 —1.36 8.13
PS 23.03 11. 34 —0.61 50. 37 33.31 12.76 21.70
13AR55 SBR 22.91 —28.71 6.73 —5.19 —21.73 —3.78 —4.96
PS 6.59 8.29 17.71 —17.81 28. 84 10. 59 9.04
15AR40-1 SBR 2.14 44,73 21. 86 5.83 —16.72 —16.1 6.96
PS —16.53 6.93 —8.12 1.85 29.72 13. 56 4.57
17ARHI12 SBR 27.89 30. 69 12.42 7.39 —13.29 5.01 9.02
PS 27.23 —10.09 1. 25 —9.43 18. 27 11.08 6. 38
17ARH44 SBR 42.02 —20.18 24.17 —5. 86 —7.45 25.75 9.74
PS 39.06 21.32 10. 21 10. 04 34.42 3.54 19.77
17ARH27 SBR 1. 69 12. 88 7.77 12.72 —24.32 14.22 4.16
PS 11. 39 —7.12 —2.43 —10. 89 21.95 4.43 2.89
XM Average  SBR 17. 80 6.96 15. 94 5. 00 —13.95 3.96
PS 15.13 5. 11 3.00 4.02 27.75 9.33

SBR:Hi#7 J1 3PS 5 il fi. FH.

SBR: Stem bending resistance; PS: Puncture strength. The same in Fig. 2.
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FIEE R 5 18] 78 52 B (PFD) &2 58 1P 3 IFAH G (- =
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Table 5 Effects of different drawf genotypes on stem characteristics and yield

?‘f)i (}enot}%elﬂcfﬁri%()sition I_ii’/ (mgP-Ff:)r:l ) PR/% STI SIR/% YPP/g
1 Rhtl +Rht17 +Rht18 +Rht22 +Rht23 92.0 1.63 32.87 0.78 6.5 9.7
2 Rhtl +Rht17 +Rht18 +Rht22 +Rht23 +Rht24 90.0 1.38 33.36  0.68 7.4 10.0
3 Rhtl +Rht9 +Rhtl10 +Rht17 +Rht18 +Rht22 +Rht23 90.0 1.33 36.72 0.76 6.6 8.1
4 Rhtl +Rhtl13 +Rhtl7 +Rhtl8 +Rht22 +Rht23 +Rht24 90.5 1.48 37.75 0.54 9.1 12.2
5 Rhtl +Rht8 +Rhtl12 +Rhtl7 +Rht18 +Rht22 +Rht23 +Rht24 93.5 1.41 31.31 1.52 6.4 10.8
6 Rhtl +Rht13 +Rhtl4 +Rht17 +Rhtl18 +Rht22 +Rht23 +Rht24 90. 0 1.58 38.09 0.48 10. 2 13.4
7 Rhtl +~Rht8 +Rht9 +Rht10 +Rht13 +Rhtl7 +Rhtl8 +Rht22 +Rht23 86.0 1.65 37.54  0.67 8.2 8.4
8 Rhtl +Rht8 +Rht12 +Rhtl3 +Rhtl7 +Rhtl18 +Rht22 +Rht23 +Rht241 90.0 1.38 33.13  0.60 8.4 8.9
9 Rhtl +Rht4 +Rht8 +Rht9 +Rht10 +Rhtl] +Rht12 +Rht17 +Rht18 +Rht22 +Rht23 84.0 1.35 39.48 0.67 8.1 8.2
10 Rht]l +Rht8 +Rht9 +Rhtl10 +Rht12 +Rht17 +Rht18 +Rht22 +Rht23 +Rht24 90.0 1.33 32.56  0.77 6.6 9.9
11 Rhtl +Rht8 +Rht9 +Rht10 +Rht12 +Rht13 +Rht18 +Rht22 +Rht23 +Rht24 95.0 1.63 37.13  2.28 5.0 6.8
12 Rhtl +Rht8 +Rht12 +Rht13 +Rhtl7 +Rht18 +Rht22 +Rht23 +Rht24 93.0 1.47 32.81 0.62 7.7 9.8
13 Rht] +Rht8 +Rht9 +Rhtl10 +Rhtl12 +Rhtl3 +Rhtl7 +Rhtl8 +Rht22 +Rht23 88.5 1.60 33.34 0.76 6.9 9.4
14 Rhtl +Rht4 +Rht8 +Rht9 +Rht10 +Rht12 +Rhtl7 +Rht18 +Rht22 +Rht23 +Rht24 84.3 1.56 39.08 0.59 9.2 11.3
15 Rhtl +Rhtd +Rht8 +Rht9 +Rht10 +Rhtl2 +Rhtl3 +Rhtl7 +Rhtl8 +Rht22 +Rht23 +Rht24 85.8 1.42 34.59  0.65 9.5 10.1
16 Rhtl +Rht8 +Rht9 +Rht10 +Rhtl2 +Rhtl3 +Rhtl4 +Rht17 +Rht18 +Rht22 +Rht23 +Rht24 88.3 1.48 34.55  0.71 8.2 9.5
17 Rhtl +Rhtd +Rht8 +Rht9 +Rht10 +Rht12 +Rhtl3 +Rhtl7 +Rhtl8 +Rht22 +Rht23 +Rht24 87.3 1.50 33.63  0.81 6.4 10.5
18 Rhtl +Rht8 +Rht9 +Rht10 +Rht12 +Rhtl13 +Rht17 +Rht18 +Rht22 +Rht23 +Rht24 81.0 1.55 38.50 1.03 7.5 12.3
19 Rhtl +Rhtd +Rht8 +Rht9 +Rht10 +Rht12 +Rhtl3 +Rhtl4 +Rht17 +Rht1§ +Rht22 +Rht23 +Rht24 ~ 90. 0 1.66 35.22 1.05 7.1 13.6
20 Rhtl +Rht2 +Rht8 +Rht9 +Rht10 +Rht11 +Rht12 +Rht13 +Rht17 +Rht18 +Rht22 +Rht23 +Rht24 94.8 1.49 35.14  0.69 7.3 9.2

SEHIE Average value 89.2 1.49 35.34  0.83 7.62 10.1
CVY% 4.01 7.12 6.87 47.89 16.22 17.04

HP &5 PFD A8 T 47 8] 78 55 B2 s PR 8T 49 8] LU 38 STLAF B8 %50 SIR 55 A5 [ LU %, YPP, bk~ &k, T,
HP: Plant height; PFD: Peduncle filling degree; PR: peduncle ratio; STI: Stem-type index; SIR: Second internode ratio; YPP:

Yield per plant. The same in Fig. 2.
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cle weight.
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