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Correlation between rice grain length-width ratio and
internode lodging resistance and its transcriptome analysis
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Abstract To explore the correlation between rice grain length-width ratio and internode lodging resistance, and
to clarify the molecular regulatory pathways underlying their coordinated development. Twenty-two rice

germplasms exhibiting natural variations in grain shape and lodging resistance were used as experimental
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materials. Phenotypic traits, including grain length-width ratio, singlestem breaking resistance, and single-plant
breaking resistance were measured. Grains with length-width ratio == 3. 5 were classified as slender, and those
with a length-width ratio << 3. 5 as non-slender grain. Based on grain length-width ratio and single-stem breaking
resistance, two initial germplasm groups were selected: “Low length-width ratio with strong breaking resistance”
and “high length-width ratio with weak breaking resistance”. A secondary screening, incorporating the lodging
index of the basal second internode, was then performed to finally select representative materials: Slender-grain,
easily lodged types and non-slender-grain, strongly lodging-resistance types. Panicle and basal internode
samples were collected at stage 2 of young panicle differentiation, and all samples were subjected to
transcriptome sequencing, followed by GO functional annotation and KEGG pathway enrichment analysis. The
results showed that: 1) Two slender-grain and two non-slender-grain rice materials were obtained after primary
screening. 2) in indicarice, grain length-width ratio of indica rice exhibited and extremely significant negative
correlation with single-plant breaking resistance and a significant negative correlation with single-stem breaking
resistance. 3) A total of 1 466 differentially expressed genes (DEGs) were identified in young panicles and basal
internodes of the four tested materials, predominantly enriched in plant hormone signal transduction and
biosynthesis of secondary metabolites, with genes related to auxin, gibberellin, and ethylene jointly regulating
young panicle and internode development. 4) Between slender-grain and non-slender-grain rice, 177 DEGs
were screened in young panicles and basal internodes, and KEGG enrichment reveal three major pathways:
SNARE interaction in vesicular transport, glycine/serine/threonine metabolism, and glyoxylate and dicarboxylate
expression of OsSMC6, OsLESV, OsXTR1, LA1, LOC_0s02g20330,

LOC_0s08g42210 was observed between the two material types, and this expression divergence was identified

metabolism. Differential and
as a critical molecular determinant contributing to the weak lodging resistance of high-quality slender-grain indica
rice. In conclusion, there is an extremely significant negative correlation between grain length-width ratio and
lodging resistance in indica rice: A larger ratio corresponds to a higher lodging risk. Plant hormone signal
transduction and secondary metabolite biosynthesis pathways serve as core regulatory routes mediating the co-
development of grain shape and internode lodging resistance, while the six aforementioned genes jointly
participate in both grain morphogenesis and lodging resistance.

Keywords slender-grain rice; differentiation of young panicles; basal internodes; transcriptome analysis
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1.1 REHrR
20244E7 H 24 H—11 A 9 H ,iRE 4 MAET 2R

B AR B2 e iR 5 3 i (23397 N, 113°437' E,
TR 49 m) AT 2R A48 AR B2 B /K e BF 5 0T ik g
H1(23°163' N, 113°378' E, #3& 28 m) JF )& , fiE ik
FE AT Lo A 2 41, Hov 1 2 i 56 356 i o ) 22 4> F hr
158 L A B AR MR A AR K 22 5 0 K R A Rt
(R DL TR R B2 B KRG 58 97 38 50 56 b %
F 8 AT 12 A8 S K R A R 2
1.2 REigit

24 35l 1 16 4 R H B AL DX 2R 1R 3 ), 13
WCH A, 1ok K R B R, SR RS R, AR AT R
20 cm X 20 cm ; o 2 38 06 JE 1% B 0 4 B 20
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Table 1 Grain types and lodging characteristics of 22 varieties
i A FFRL T8 1L HBRPTHE /N 2P I /N
Variety Length-width ratio of grain ~ Anti-thrust of whole plant Anti-thrust of single stem

B ih & 5 Nanjingxiangzhan 4.90+0. 06° 7.4540. 7% 0.64£0. 07
FAE 308 Wuyou 308 3.4440.01" 7.1940. 24¢ 0.5240. 05"
)4 9518 Runguangyou 9518 4.6440.01" 6.9040. 73 0.6740. 17°%
W )4 158 Runguangyou 158 4.3540. 05 7.65+0.57¢ 0.554+0. 10%"
¥ #F 2 1 Huangxiangsimiao 4.40+0.06° 7.36+0.55" 0.8640. 05"
# )48 5 25 Huangguanghuazhan 2 3.6740.05 7.8940. 09 0.8540. 12"
I 4 5 Guangyounongzhan 3.8640.02 10. 4741, 74" 0.9140. 07"
I~ 10 i 505 GuanglOyou 505 4.72+0. 06" 7.45+0.50™ 0.60-+0. 04"
B % 1t 908 Liuxiangyou 908 4.63+0.03" 7.65+1.38" 0.68-+0. 10%*"
TR A5 Yuhezaoxiangzhan 4.56+0. 06 9. 2840, 73k 0. 674-0. 09
i £ 1540 Yongyou 1540 2.90+0.02' 11.76+1. 86" 1.21+0.13"
23l 97B Zhenshan 97B 2.7040.03" 9.89+1. 97 0.85+0. 01"
Z& F 4 208 Taifengyou 208 4.284+0.01"% 8.29+1. 60" 0.68-+0. 03"«
] % ff 505 Guangtaiyou 505 4.22+0.10¢ 8. 56+ 2, 72 0.78-+0. 18"
MR 221 Yuehesimiao 3.98+0. 04" 7.68+0.51* 0.68-+0. 02"
H &L 19 % Qingxiangyoul9xiang 4.68+0.05" 7.09+1. 49 0.75+0. 18"
%75 25 Meixiangzhan 2 4.2540. 10# 6.2941. 35" 0.474+0.08'
] Z&{t 816 Guangtaiyou 816 3.81+0.01" 8.05+1. 02 0.67-+0.09%*"
B IL A Huixiangyounaxiang 4.5940. 04" 8.6740. 72 0.824+0. 07"
H A& L5k & Huixiangyoumixiang 4.3140.03% 9.59+0. 42" 0.93+0.08"
4587A/ 4 7 4587A/Jinxiang 4.5740. 05 8. 6741, 26" 0.74=+0. 05"
T KAl 1426 Xiangheyou 1426 4.5240.07° 7.66+1. 60" 0.75+0. 10"

VR 5 B 22 5 3 (P20, 05), Al 7B 5 22 5K 8. % (P>0.05). FIl.

Note: Different letters represent significant differences (P<C0.05), while the same letters represent no significant differences (P>>0.05).

same below.

The
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Table 2 Grain types and lodging characteristics of 8 varieties
oL e B /em

ity Fof . kP AL 58 L
Plant gravity

HRRGTIE S /N

Variety . Length-width ratio of grain Anti-thrust of whole plant
center height
TR 25
RI#525 43.07+0. 12 3.71£0. 66" 10.67=+0. 08"
Huangguanghuazhan 2
21 B
- il 97 44.8640. 44 2.51+0. 06" 5.38+0.02%
Zhenshan97B
EHE . 55.6140. 37" 5.23+1. 38 7.66+0. 10"
Y uzhenxiang
18Rl B
Hﬂ%ﬁ].i 56.9740.70° 4.81+1.13 7.30+0.17"
Zengkexinxuan
£ 308

FAk 48.134+0.13" 3.37+1.11° 6.28+0. 05"
Wuyou 308

Z&flt 816
T"‘ "L . 50.4940. 39" 3.88+0.71 6.69+0. 24"
Guangtaiyou 816

T

B 52.3440. 77" 4.45+1.10° 5.78+0. 11
Basimati

st |
%A %tu 49.25+1.16% 5.08=+0. 27 3.9840. 19
Xiangyaxiangzhan

b BRI /N 18] = 35 1) 481 4R 75 % {8 =5[] {81 4R 45 %
VD: - Anti-thrust of Single-stem lodging index of the basal  Single-stem lodging index of the basal
riety

single stem second internode third internode

B2

1.30+£0. 38" 117.94+9. 22" 122.59 £24. 73
Huangguanghuazhan 2
2l 978
thi hanS7B 0.77+0.07" 134.414+10. 56" 142.72 £15. 30°
enshan
fﬁléz . 1.06+0. 24® 210.78+73. 06" 189.47 +13.57"
uzhenxiang
1R B vk
,Hﬂ{ﬁl.— 0.85+0. 11" 147.08+10. 05 126.92 +14.57°
Zengkexinxuan
L 308
Vh;ﬁj 308 0.71%0.07° 133.61+7.93" 111.54 £+15. 16°
uyou
Z= {816
fi =4 . 0.96+0. 05" 153.95+18. 98" 130.42 +13. 37"
Guangtaiyou 816
Sfﬁrij? 0.7140.17° 152.75+6.53" 112.93 £21.03°
simati
BAR 0.34+0. 02 228.55+25.93" 238.79 £8.50°

Xiangyaxiangzhan

24 HAI 8 H 8 H , B/NX AL 20 m?, 24~ FE b R 1.3 MEIER
4 — Kk W&, i & (N & 2 180 kg/hm?, 1.3.1 $EHFREAFLERIESD

Fie BB NE - oy BENE  FAE - BB =5:2:2: 1 W9 T i L
Jiti JH 5 i B (PO s) A4 AR (KO FH 2 43 1) ok 45 il
120 kg/hm?, $E HE AL — UCHERE A, oA H [) 457 B0 A
Jite 4 2 BECH R AR PR AR v AT

PR P #E 77 CAnti-thrust of whole plant, AWP)
1P ZE 30 9 1 (Anti-thrust of single stem, ASS) /Y
W 22 LiAE 0 ik, 8 /K e Rl Bk B9 B THT 20 em
b WG B A e A BR S " Y YD -1 R ZEFF 56
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Clean data #1789 &5 J 2= 437 -
1.6 ERREEFAFTERBEDT

fifi 1 DESeq(v1. 38. ) it 1T 2 M e L &
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Fig. 1 Correlation between grain length-width ratio and lodging resistance traits of individual plants (a) and single stems (b)
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Fig. 2 Correlation characteristics of grain shape with pushing resistance per plant (a) and per stem (b) in eight rice varieties
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Fig. 3 Correlation between grain shape and lodging index of the 2™ (a) and 3™ (b) basal internodes in eight rice varieties
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