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Breeding Potential of Rice TAC1 Gene for Tiller Angle
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Abstract: [Objective] Rice tiller angle is an important plant-type trait. The appropriate tiller angle is generally a critical
factor in developing ideal-type high-yielding rice variety. [Methods] Effects of tiller angle controlling gene TAC1 on
agronomic traits, sheath blight resistance, grain yield and quality were investigated under conditions of one-plant one-point
and multi-plants one-point transplantation by using four pairs of near isogenic lines(NILs) at TAC1 gene. [Results] TAC1
increased rice tiller angle in all the genetic backgrounds tested, which is beneficial for reducing adverse impacts of sheath
blight, without affecting other agronomical traits. Under high-yielding cultivation condition of multi-plant one-point
transplantation, numbers of effective panicles in all the NILs with TAC1 were apparently higher than those of
corresponding NILs with tacl. In the background of indica rice Teqing, the seed-setting rate, 1000-grain weight and plant
yield of Teqging-TACL1 line were all higher than those of Teging-tacl line; however, the reverse results were obtained in the
background of Lemont. In backgrounds of Wulingjing 1 and Zhendao 88, NILs with TAC1 gene displayed slightly grain
yield than those with tacl gene. The grain processing and appearance qualities of Teqing-TAC1 line were slightly
improved compared to the corresponding control, while other TAC1-harboring NILs showed just the reverse with
statistically insignificant difference. [ Conclusions] The indica rice with long leaf has a narrow range of appropriate tiller
angles but for japonica rice with short leaf, the range is wider. Increasing rice tiller angle to an extent is beneficial for
reducing sheath blight influence. TAC1 improves the plant type of japonica rice as well as the compact type indica rice.
Key words: tiller angle; ideal-type plant; sheath blight; grain yield
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Table 1. Information of the basic agronomic traits of the rice lines tested in the study.

Rk S BESA
Material Tiller angle/®
}§7-TAC1 Teqing-TACL 17.8+0.3 cd
K77 -tacl Teqing-tacl 9.4+0.3 f
IR24-TAC1 14.840.8 de
IR24-TACLRI 10.0£0.6 f
Lemont-TAC1 39.1+0.1a
Lemont-tacl 19.9+0.2 ¢
H 7 Ii%-TACLox Nipponbare-TAClox 32.4+34b
H 7 It -tac1 Nipponbare-tacl 12.2+0.8 ef
T 1 5-TAC1 Wulingjing 1-TAC1 32.1+1.3b
HFEHE 1 5-tacl Wulingjing 1-tacl 19.4+0.6 ¢
7% 88-TACL Zhendao 88-TAC1 33.7+3.9b
fHif% 88-tacl Zhendao 88-tacl 20.0+£0.7 ¢
£ 5 Genetic background
F {8 F-value 73.91
P fH P-value 0
TAC1 ZE[A 7 TAC1 genotype
F{H F-value 373.55
P fH P-value 0

kUG H7 P
Heading date/d Plant height/cm
97.0+0.0d 105.1+0.7 a
96.5+0.7 d 103.0+0.1 ab
94.0£0.0 e 89.4+0.4 f
89.0+0.0 h 95.3+2.1 cde
106.0+£0.7 b 92.8+3.9 def
105.5+0.0 b 92.4+0.4 ef
93.0£0.0 f 93.6+0.7 def
90.0+0.0 g 97.7+0.6 bcde
109.0+0.0 a 97.7+3.1 bed
109.0+0.0 a 100.5+4.9 abc
100.5+0.7 ¢ 95.8+1.0 cde
101.0+0.0 ¢ 93.8+1.2 def
1604.68 15.30
0 1.0x10™*
70.71 1.85
0 0.20

P YRRl 4 0 T P (b 22 (n=3) s [A ZIHcHs Jo A A T B 2R dhphal 2 R R IE B 24K, TR

All values are listed as mean+SD; In a column, values flanked by the same letter are not significantly different at 5% level among the experiment

materials; The same below.
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Table 2. ANOVA of sheath blight scores of the rice lines tested in the study.
A5 52 5kF Source of variance H B df Y77 MS F {4 F-value Pt P-value
X 25 Plot 2 0.0033 0.0561 0.9456
BT B Genetic background(GB) 5 4.1462 69.5545 0
TAC1 #[X 7 TAC1 genotype(TAC1) 1 2.5440 426770 0
GBxTAC1 5 0.1544 2.5904 0.0547
% Error 22 0.0596
MAER Total 35
3 HHKEMRLERRREZELR
Table 3. Multiple comparison of sheath blight scores of the rice lines tested in the study.
ok SO 99 21 5% i 7K 1% . 2 /K
Material Sheath blight disease rating 5% significance level 1% significance level
K57 -TACL Teqing-TAC1 5.63+0.14 f E
K77 -tacl Teqing-tacl 6.78+0.15 d CcD
IR24-TAC1 7.53+0.10 ab AB
IR24-TAC1RI 7.84+0.09 a A
Lemont-TAC1 7.10+0.18 bcd BC
Lemont-tacl 7.63+0.13 a AB
H A -TACLox Nipponbare-TACLox 5.36+0.31 f
H 7 It -tac1 Nipponbare-tacl 5.62+0.42 f
H AT 1 5-TACL Wulingjing 1-TAC1 7.0520.21 cd BC
B 1 5-tacl Wulingjing 1-tacl 7.470.41 abc AB
##F% 88-TAC1 Zhendao 88-TAC1 6.27+0.15 e D
4% 88-tacl Zhendao 88-tacl 6.79+0.20 d CD
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Table 4. Population characteristics of rice lines tested in one-plant one-point transplantation condition.

rf El 7K A& A} 22 (Chin J Rice Sci) 2 31 4556 6 #1(2017 4F 11 )

Tkt AR U SR i
Material Number of basic Max number of tillers Percentage Productive
seedlings per hill per hill of tillering/% tiller percentage/%
57 -TACL Teqing-TACL 2.3+0.1 abc 9.240.4c 306.6+2.9 defg 69.8+5.6 de
F#75-tacl Teqging-tacl 2.4%0.1 ab 9.440.2 ¢ 298.2+21.0 efg 66.7+4.2 ¢
IR24-TAC1 2.4+0.1ab 11.9+0.1a 404.6+19.2 bc 67.2£09¢e
IR24-TACIRI 2504 a 10.9+£0.7 ab 339.9+46.4 cdef 69.9+5.8 de
Lemont-TAC1 1.7#0.1d 6.3+0.4d 269.8451.6 fg 87.2+2.6a
Lemont-tacl 1.9+0.1 cd 6.4+0.1d 243.6+17.0g 87.0+1.8 ab
H 7% -TAC10x Nipponbare-TAC1ox 2.140.1 bed 12.2+0.6 a 496.0+48.2 a 74.8+0.0 cde
[ A i -tacl Nipponbare-tacl 1.9+0.3 cd 11.0+1.4 ab 479.8+11.9 ab 80.5+10.6 abc
£ 1 5-TAC1 Wulingjing 1-TAC1 2.0£0.1 bed 12.240.2 a 523.7#33.5a 77.3+4.6 abcde
B 1 “5-tacl Wulingjing 1-tacl 2.1+0.1 bed 11.8+0.1a 473.6+23.2 ab 78.6+3.4 abcd
#iF# 88-TAC1 Zhendao 88-TAC1 2.1+0.0 abcd 10.3+0.4 bc 390.5+20.2 cd 76.5+1.8 bede
7 88-tacl Zhendao 88-tacl 2.1+0.1 bed 9.7+0.9 be 371.8+61.1 cde 80.8+7.0 abc
%75 5t Genetic background
F {4 F-value 7.62 50.47 29.65 10.69
P 1 P-value 2.6x10° 0.00 0.00 6.0x10™
TAC1 #:[X % TAC1 genotype
F {4 F-value 0.52 3.93 4.47 1.00
P {H P-value 0.49 0.07 0.06 0.34
5y BEZR=100 X (Bl TE — B AT AT o
Percentage of tillering=100 X (Max number of tillers per hill—Number of basic seedlings per hill)/ Number of basic seedlings per hill.
®5 BARRIES XM REH AR
Table 5. Population characteristics of rice lines tested in multi-plants one-point transplantation condition.
e %ﬁﬁ ) il . IEER HE%K
. No. of basic seedlings Max number of tillers o Productive tiller
Material . . Percentage of tillering/%
per hill per hill percentage/%
H575-TAC1 Teqing-TAC1 4.8+0.1a 13.1+0.4 b 173.329.4 b 66.1+2.9 b
75 -tacl Teqging-tacl 4.8+03a 12.3+0.3b 157.8+21.3 b 65.7+2.9b
B FE 1 5-TACI1 Wulingjing 1-TAC1 4.4%0.2 abc 15.1#0.2 a 247.1#¥18.3 a 81.4+35a
B A 1 5 -tacl Wulingjing 1-tacl 4.5£0.3 ab 14.6£0.2 a 221.6x17.7a 75.2+4.1 ab
f#i%% 88-TACL Zhendao 88-TAC1 4.6+0.3 ab 13.0£0.3b 182.2+115b 79.6+6.1a
¥4 88-tacl Zhendao 88-tacl 4.4+0.2 abc 12.5¢0.9b 182.1+18.7b 76.8£9.6 a
Lemont-TAC1 4.1+0.1 be 9.3£0.3¢c 127.946.9 ¢ 82.1+6.5a
Lemont-tacl 4.0+0.1¢c 9.240.2¢c 127.0#13.2 ¢ T77.7¥14 a
L5 Genetic background
F {8 F-value 8.64 173.97 49.06 9.03
P {4 P-value 1.7x10° 0 0 1.4x10°
TACL ZE[F % TACL genotype
F {8 F-value 0.03 8.10 2.75 2.59
P fH P-value 0.86 0.01 0.12 0.13
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Table 6. Multiple comparison of plant yield and its components among rice lines tested in one-plant one-point transplantation

condition.
B .ﬁ’?ﬂ%ﬁl ﬁ’ﬁ%*ﬁiﬂl e 'T‘*ﬁéﬁ- ﬁ*ﬁk?%
Material Panicle number per ~ Grain nuTnber per Seed setting rate/% 1009-gra|n Grain yield per
plant panicle weight/g plant/g
FFE-TACL Teqing-TACL 6.4+0.3 d 181.4+8.3a 83.4+2.1d 25.4+0.1 ab 24.5+0.6 de
HF 7 -tacl Teqing-tacl 6.2+0.3 d 182.1+2.7 a 84.5+1.5 cd 24.9+0.1 bcde 23.9+0.1e
IR24-TAC1 8.0£0.1¢c 149.6x1.8 ¢ 84.3+2.7 cd 255+0.1a 25.6+0.5 be
IR24-TAC1RI 7.6+0.1c 147.0¥4.2 ¢ 87.9+1.9 bc 25.3+0.1 abc 24.8+0.1 cde
Lemont-TAC1 5.4+0.1e 164.7+45b 91.3+0.8 ab 25.0+0.4 abcd 20.5+0.5¢g
Lemont-tacl 5.5+0.2 e 169.3+7.4b 90.0+0.6 ab 24.9+0.4 cde 21.0+0.2 fg
[ A i%-TACLox Nipponbare-TAClox 9.1+0.4 ab 107.4+3.4 ¢ 90.4+0.8 ab 24.0£0.2¢g 21.3+0.4fg
[ A -tacl Nipponbare-tacl 8.840.0 b 112.848.1¢ 92.7+2.6 a 23.9+0.3¢g 21.9+0.6 f
P HE 1 5-TACL Wulingjing 1-TAC1 9.4+04a 126.7+2.0d 90.1+1.8 ab 24.3+0.1fg 25.9+0.3 ab
B FE 1 5-tacl Wulingjing 1-tacl 9.2+0.5 ab 130.5#3.5d 90.9+1.5 ab 24.5+0.1 ef 26.8+0.3 a
¥ f# 88-TAC1 Zhendao 88-TAC1 7.940.1c 1459+2.1 ¢ 90.3+0.3 ab 24.5+0.1 ef 25.5+0.3 bed
fH7% 88-tacl Zhendao 88-tacl 7.8+0.1¢c 148.1+4.1 ¢ 92.2+0.3a 24.7+0.2 def 26.2+0.7 ab
AL 5 Genetic background
F{H F-value 196.59 162.31 14.24 27.69 114.01
P14 P-value 0 0 2x10™ 0 0
TAC1 ZE[X % TAC1 genotype
F{H F-value 3.95 1.99 4.10 0.85 1.73
P {H P-value 0.07 0.19 0.07 0.38 0.22

R7 SERFEEHEKBERNEFER
Table 7. Multiple comparison of plant yield and its components among rice lines tested in multi-plants one-point
transplantation condition.

B _ﬁ’?ﬂ%ﬁl ﬁf%*ﬁiﬂl sy 'T‘*ﬁéﬁ_ ﬁ*ﬁk?%
Material Panicle number per ~ Grain nurnber per Seed setting rate/% lOO(_)—gram Grain yield per
plant panicle weight/g plant/g
FF#-TACL Teqing-TACL 8.6x0.3d 155.8+5.3 ab 85.3+2.0 cd 25.7+0.2 ab 29.5+0.3a
HF 7 -tacl Teqging-tacl 8.0+0.3 de 159.6+5.8 a 82.0+3.2d 25.0+0.3d 26.6x1.1b
P 1 5-TAC1 Wulingjing 1-TAC1 12.3+0.7 a 113.4+2.2 f 87.1+2.3 bed 25.2+0.1cd 30.7+1.7a
HFEHE 1 5-tacl Wulingjing 1-tacl 11.0+06b 117.440.5 ef 91.1+0.4 ab 25.9+0.4 a 30.4+1.7 a
¥ f# 88-TAC1 Zhendao 88-TAC1 10.4+0.5b 128.1+2.5d 87.7+2.9 be 25.3+0.3 bed 29.5+1.2a
#f# 88-tacl Zhendao 88-tacl 9.5+0.5 ¢ 123.2+2.5de 94.7t19a 26.1+0.1a 29.0+0.8 a
Lemont-TAC1 7.7x0.4 ef 147.0#53 ¢ 83.4+1.9 cd 24.6+0.3 e 22.3+0.2d
Lemont-tacl 7.1+0.2 f 149.945.3 bc 86.8+1.4 cd 25.5+0.2 bc 24.4+09c
AL 5 Genetic background
F {H F-value 100.79 132.78 13.45 8.98 50.65
Pl P-value 0 0 2x10" 1.4x10°® 0
TAC1 Z:[X % TAC1 genotype
F {H F-value 19.59 0.71 10.61 18.43 0.69

P P-value 6x10™ 0.41 5.7x10° 7x10™ 0.42
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Table 8. Multiple comparison of grain processing and appearance qualities among rice lines tested in multi-plants one-point

transplantation condition.

P g

Brown rice rate/%

Head rice rate/%

Rk TR

Percentage of chalky

EEREE
Chalkiness degree/%
rice/%

Material
H5#-TAC1 Teqing-TAC1 81.4+0.9 bc
Fi-tacl Teging-tacl 80.5+0.1¢
B FE 1 5-TAC1 Wulingjing 1-TAC1 83.4%1.2 abc
B 1 5-tacl Wulingjing 1-tacl 84.8+0.9 ab
f#i%% 88-TACL Zhendao 88-TAC1 82.7+1.6 abc
17 88-tacl Zhendao 88-tacl 84.6t1.0a
Lemont-TAC1 83.2+2.0 abc
Lemont-tacl 85.1+3.4a
WAL 5t Genetic background
F {8 F-value 4.49
P { P-value 0.02
TAC1 2:[X 7 TAC1 genotype
F{i F-value 2.46
P {H P-value 0.14

62.646.1 bed 52.0+4.4 ab 14.642.4 2
56.9+3.8 d 54.3+45a 16.1x0.6 a
63.7+3.7 abc 37.1+7.2 cd 7.3x1.0 bc
69.242.5a 29.0+8.2d 5.7+1.1 cd
61.7+5.0 bed 42.7+4.2 e 8.4£1.2b
67.3£3.7 ab 37.046.2 cd 6.1+1.1 bed
58.6+1.9 cd 15.3+4.0e 3.9+0.8 de
62.4+1.5 bed 19.0¢1.7e 2.6406¢
5.74 45.95 106.60
9x103 0.00 0.00
2.95 0.77 3.45
0.11 0.40 0.08
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