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Physiological characters of carbon, nitrogen, and hormones in ratooning rice
cultivars with strong regeneration ability

HUANG Su-Hua', LIN Xi-Yue?, LEI Zheng-Ping?®, DING Zai-Song'"", and ZHAO Ming'

'Institute of Crop Sciences, Chinese Academy of Agricultural Sciences / Key Laboratory of Crop Physiology and Ecology, Ministry of Agriculture
and Rural Affairs, Beijing 100081, China; 2 Agricultural Technology Extension Station, Chongyi 341300, Jiangxi, China

Abstract: It is of great significance to clarify the physiological basis and hormone regulation characteristics of axillary bud ger-
mination for the selection of ratoon rice cultivars with strong ratooning ability and the regulation of cultivation techniques. In this
study, the content of non-structural carbohydrate (NSC) and total nitrogen in different parts of 13 cultivars selected in 2019 were
analyzed at the first harvest stage using the screening platform established in Chongyi County, Jiangxi Province. The biosynthesis
and signal transduction genes of brassinolides and strigolactones, which promoted and inhibited axillary bud germination, were
also studied. The results showed that there were significant differences in the regeneration rate of 13 cultivars, ranging from 1.26
to 2.38. The contents of soluble sugar, starch and non-structural carbohydrate in leaves, leaf sheaths, and stems were significantly
different among different cultivars at different node positions (P-values were all less than 0.001). The total nitrogen content was
also significant difference among them except for the upper and lower node stems. The correlation analysis showed that the con-
tents of the soluble sugar, starch and NSC of the stem at the lower node had significant or extremely significant correlation with
the regeneration rates (R2 =0.4442",0.9000", and 0.8303"", respectively), while there was no significant correlation in others. The
relative expression levels of tillering promoting genes (CYP90A4, CYP85A42, D2, BRI, BSK, and CYCD3) in BR synthesis and sig-
nal pathway were higher, while the inhibited tillering genes (CYP734A41, BZR, and BKI) were lower in Guyou 676 with higher
regeneration rates. In conclusion, the starch content in the stem at the lower node could be used as the screening index of strong
regeneration ability cultivar, and also the relative expression levels of BR pathway related genes could be used as supplementary indexes.
Keywords: ratoon rice; regeneration rate; starch content; brassinosteroid; gene expression
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Table 1 Names, types, and yield characteristics of experimental materials

Cultivar type Cultivar name Variety source
676 Guyou 676 (GY676) Ax 676 Gufeng AxFuhui 676
Three-line indica hybrid rice 7076 Ganyou 7076 (GY7076) Ax 7076 Ganxiang AxFuhui 7076
Luyoumingzhan (LYMZ) 078Ax Luxiang 078 AxHuazhan

534 Jingliangyou 534 (JLY534)

Two-line indica hybrid rice

4155SxR534 Jing 4155SxR534

Jingliangyouhuazhan (JLYHZ) 4155Sx Jing 4155SxHuazhan
5336 Zhiliangyou 5336 (ZLY5336) Sx 5336 Zhinong SxMinhui 5336
Jingliangyouyuenongsimiao (JLYSM)  4155SxR1212
Longliangyouhuazhan (LLYHZ) 638Sx Longke 638SxHuazhan

3463 Longliangyou 3463 (LLY3463)

1377 Jingliangyou 1377 (JLY 1377)
Huiliangyousimiao (HLY SM)

7011 Shenliangyou 7011 (SLY7011)

4949 Yongyou 4949 (YY4949)

Three-line indica-japonica hybrid rice

638SxR3463 Longke 638SxR3463
4155SxR1377 Jing 4155SxR1377

1892Sx 1892SxWushansimiao

08Sx 7011 Shen 08SxFuhui 7011

49A%F9249 Yongjing 49AxF9249
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P,O5 156 kg K,0O 195 kg, ( 1.3.3 NSC 4=z 1.3.1
) BE( ) 3 , 200 mg, 8 mL 80% , 60°C 20 min,
, M2 ; 50 mL , 3,
195 kg P,0s45 kg K,O 120 kg, 1/2 10 mL 3mol L' ,
15~20d , 50% 40 min 10 mL 3 mol L' NaOH
3d « ) s 50 mL, R
620 nm (Evolution 201
1.3 / , Thermo),
1.3.1 Bt 2d R 0.9
3 1 134 A28 &ENE VELP-UDK169
2 ,
2 2 1.3.5 AR A&k KR BR SL
2 , 2 2 19
6 , 2, GAPDH
105°C 1 h ,80C N 40 s qPCR
, (6] TRIzol 2.d
, , —80°C , RNA RNA, RevertAid RT Kit
(Thermo Scientific) cDNA s 10
132 FFE#FF4EN , gRT-PCR ; ABI Quant Studio 6 PCR
2 m?, , , () qRT-PCR , KOD SYBR gPCR
( 13% ) Mix (Toyobo) , paAct
Fz2 ERFRESWHISIY
Table 2 Primers for qRT-PCR
Gene function Gene Locus Forward primer (5-3") Reverse primer (5-3")
References GAPDH 0s02g0601300  CATGTTCAAGTATGACACCGTC CACCAGTAGACTCAACAACGTA
BR CYP90B 05030227700  GAAGATCCTGCCGGTGTTAG TACTCTTCCATCTCCAGGGATT
BR synthesis CYP904 0s12g0139300  AGCCTCATCAATCTCACTCATT GTCTTGTACGCCGAGATGAG
D2 0s01g0197100  CCAACTGGAAGAGGAGAACATA  ACATGTAGTCTGTCCATTGCAA
CYPS542 050320602300  TGGAGAAGAACATGGAATCACA  GGAATGTTGCAATTTCTACGGT
CYP73441-1  0s06g0600400 GCTAGCTAGGAAAAGACAGGAA  GTACCACTAGTCTGTTAGCGAG
CYP 73441-2  0s01g0388000  ACCACCACTGGAAGAAAATCTA CGTCTTGTTCTTGGTTGTTGTT
BR BRI 0s01g0718300  GATGGCAATGTTCAAGGAGATC GAATGACTGTTGTTTCTACGGG
BR signal transduction ¢, 0s10g0571300  CTTTTGAGTGGGAAGCACATAC TTAGCATACTGCCCTTCTAAGG
BKI 05080474500 ~ GTCGTCCTTGTCCAATAATCG CCGGAGATGATGAACGAGTG
BZR 0s07g0580500  ATTTGGGCGATTTCATTCTAGC CGTGAATAAAATCAGCCGTGAT
CYCD3 0s09g0111100  AGGGTTCAGTCCAAGAAAAAGA  GACAAAACAGCTTCTTCCTCAC
SLs DIO 0s04g0550600 TGCAAAGAAGATAGGGACAGAG ~ GGAATCCCATTGGAAAAGTGAG
SLs synthesis DI7 0s01g0746400  CTGTACAAGTTCGAGTGGCA GTTGATGAAGTGGAACGTCAC
D27 0s11g0587000  AGAAGCTTCTGGGCTAAAGAAT ACCTTGATCATTGTGAGGATGT
SLs D3 050620154200  ATCTTTCACTATGGGAGCGATT CATGGATGAAAAGCTTCCTGAG
SLs signal transduction 050320203200 AGAAAGAGAGAGAAGAAGCGAG ~ CGCGCTCCCCTTTTATATACTA
D53 0s11g0104300  CTTCCTCTCCAAATTCCCCTT AGAGAAGAGAAAAGGCTTGACC
SPLI4 050820509600  GATGGATTGGTCTCTGTAGAGG TTGAACACAAAATAAGGGCAGG
TB1 0s03g0706500  CAATCTTGTGAGCACCGAATTG GTGTGTGGATGGATGATCACAT
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1.4 1.26~2.38 676 R
Microsoft Excel 2013 13 7.65~10.13 t
,  SigmaPlot 10.0 hm™, 4.05~6.57 t hm?,
( 3 , 13
2 HBRE5HH
2.1 , R? 0.0383  0.0131
13 ( 3), 0.0364( 1)
*3 TESMHMEEH. mEMNBEN
Table 3 Life duration, yield, and regeneration rate of different rice cultivars
Cultivar Mair} crop Ratoqn crop Whol'e crop Main yizeld Ratoon yzield Annual yzield Regeneration
duration (d) duration (d) duration (d) (thm™) (thm™) (thm™) rate
676 GY676 136 71 207 9.42b 525¢ 1437 cd 2.38a
534 JLY534 145 72 217 9.48b 6.17b 15.65a 1.99b
JLYHZ 140 72 212 8.98 ¢ 5.03¢ 14.01 cd 1.97b
5336 ZLY5336 145 72 217 7.65¢ 445d 12.10 f 1.94b
JLYSM 145 72 217 8.80 ¢ 4.58d 13.38 ¢ 1.86b
LLYHZ 142 72 214 10.13 a 4.53d 14.66 b 1.85b
3463 LLY3463 145 72 217 9.90 a 4.68d 14.60 b 1.71¢
1377 JLY 1377 147 74 221 9.83a 5.10¢ 1493 b 1.68 ¢
7011 SLY7011 147 74 221 8.40d 4.58d 1298 ¢ 1.60 ¢
4949 YY4949 134 77 210 9.08 ¢ 6.57a 15.65a 1.57d
HLYSM 145 72 217 8.18d 4.05¢ 12.23 f 1.55d
7076 GY7076 136 71 207 894 ¢ 4.73d 13.67 ¢ 1.43d
LYMZ 135 71 206 9.20 be 4.65d 13.85¢ 1.26¢

0.05

1

Within a column for the same variety type, values followed by different lowercase letters are significantly different at the 0.05 probability

level. Abbreviations are the same as those given in Table 1.

18.04
e Ratoon rice o Main crop v Annual
16.04
v v
v
v v v
1401 & L7 R=00364, P=0.5323
v
~ 12,01 M v
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= 10.04 o °
] o ° o
> . ° ° R=0.0131, P=0.7098
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1 BARXERMBENERES. AFREAFFESMERXYE
Fig. 1 Relationships between regeneration rate and ratoon season,

main season, and annual yields for 13 hybrid rice cultivars

2.2 NSC
2 13
(soluble sugar, SS),
NSC SS 13.9~32.3
mg g’1 12.0~32.9 mg g,
70.9~101.5 mg g'  75.3~106.8 mg g, NSC
87.6~129.1 mg g 90.8~129.9 mg g '; SS
10.6~38.5 mg g ' 13.8~111.4 mg
g, 50.7~154.7 mg g
87.1~203.8 mg g, NSC 95.8~193.2 mg

-1

g 105.9~315.2 mg g; SS
54.8~168.6 mgg' 41.4~213.0mgg’,
75.9~173.5 mg g 79.3~394.2 mg g’l,
109.5~304.7 mg g'  125.3~565.9
SS

NSC

mg g

NSC (4
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Fig. 2 Soluble sugar, starch, and NSC content of the upper and lower leaves (A), sheaths (B), and stems (C) before main crop harvest
in rice

NSC content (mg g™')
W
[l
S

1 Abbreviations are the same as those given in Table 1.

F4 ARKERMARTHAERNBMERE. EMFNSCREEFESH
Table 4 ANOVA of soluble sugar, starch, and NSC contents of leaf, sheath, and stem in different rice varieties

SS Starch NSC
Organ Source of variation df F P F P F P

Leaf Node site 1 2113.78 8.66E-44 1727.37 1.44E-41 594.95 3.92E-30
Cultivar 12 854.64 3.12E-55 387.53 2.20E-46 497.91 3.51E-49

Sheath Node site 1 12,932.43 5.13E-64 832.86 1.13E-33 2473.73 1.59E-45
Cultivar 12 1391.03 1.05E-60 173.85 1.63E-37 308.29 7.72E-44

Stem Node site 1 3384.81 5.26E-49 1396.50 3.03E-39 3923.92 1.19E-50
Cultivar 12 2564.40 1.35E-67 1476.25 2.24E-61 3189.50 4.71E-70

SS: soluble sugar; NSC: non-structural carbohydrate.
3-A B C 13 NSC
, SS NSC R NSC
NSC ()]
13 s NSC
s 0.9000 0.8303, P 0.001

NSC
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Fig. 3 Descriptive statistics of soluble sugar, starch, and NSC content of the upper and lower leaves (A), sheaths (B), and stems (C)

before main crop harvest in rice
5 95

5

The solid and dashed lines within the boxes indicate medians and means, respectively; the upper and lower box edges of the boxes represent
the 25th and 75th percentiles of all the data, the bottom and top bars represent the 5th and 95th percentiles, and the bottom and top dots rep-
resent the outliers, respectively.

*5 BENWSTEHMM . HEEMZEFL SS. EH I NSC 22 HHE XM

Table 5 Correlation between the biomass and the contents of SS, starch, and NSC in different parts of leaves, sheaths, and stems

SS Starch NSC

Organ Site R? F P R? F P R’ F P
Leaf Upper  0.0684 0.8077 0.3881 0.1077 1.3276 0.2737 0.1593 20851  0.1766
Lower  0.0150 0.1678 0.6900 0.1692 2.2408 0.1625 0.1029 12623 0.2851
Sheath Upper  0.0002 0.0026 0.9603 0.1917 2.6093 0.1345 0.0706 0.8362  0.3801
Lower  0.2005 2.7586 0.1249 0.0784 0.9356 0.3542 0.1709 22681  0.1602
Stem Upper  0.3241 5.2743 0.0423 0.2771 42160 0.0646 0.3317 5.4589  0.0394
Lower  0.4442" 8.7913 0.0129 0.9000”  98.9956 0.0000 0.8303"  53.8256  0.0000

Data in bold are to highlight that the correlations have reached an extremely significant level. SS: soluble sugar; NSC: non-structural carbo-
hydrate.

2.3
(P=0.257) , P 0.001)

1.842%~3.508%  11.171%~2.757%, 0.601%~1.051%
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Fig. 4 Total nitrogen content of the upper and lower leaves (left), sheaths (mid), and stems (right) before main crop harvest in rice
1 Abbreviations are the same as those given in Table 1.
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Fig. 5 Relative expression levels of key genes in BR synthesis and metabolism in rice buds and leaves before main crop harvest

1

0.05

Abbreviations are the same as those given in Table 1. Bars superscripted by different lowercase letters are significantly different at the 0.05

probability level.
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Fig. 6 Relative expression levels of key genes in BR signalling pathway in rice buds and leaves before main crop harvest
1 0.05

Abbreviations are the same as those given in Table 1. Bars superscripted by different lowercase letters are significantly different at the 0.05
probability level.
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Fig. 7 Relative expression levels of key genes in SL synthesis and signalling pathway in rice buds and leaves before main crop harvest
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Abbreviations are the same as those given in Table 1. Bars superscripted by different lowercase letters are significantly different at the 0.05
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