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Relationship between physiological changes and chalkiness formation

in early indica rice under high temperature conditions

XU Jinke', XIE Qin"?, WEI Manlin', PENG Qian', SUYi', XIAO Langtao', LIN Wanhuang'"

(1.Hunan Provincial Key Laboratory of Phytohormones and Growth Development, Changsha, Hunan 410128, China;
2.College of Pharmacy, Xiangnan University, Chenzhou, Hunan 423099, China)

Abstract: To investigate the physiological mechanism of rice chalkiness formation under high temperature conditions, a pot
experiment was conducted using high chalkiness trait Xiangzaoxian 24 (X24) and its parents Xiangzaoxian 11 (X11, high
chalkiness trait) and Xiangzaoxian 7 (X7, low chalkiness trait) as materials. On the 6 day after heading(DAH), the rice was
moved to a greenhouse for 15 days of high temperature treatment(HT), with outdoor normal temperature treatment(NT) as a
control. The changes in net photosynthetic rate of flag leaves, grain filling rate, grain amylose content, and relative
expression levels of starch synthesis related genes under HT was studied during the filling period. The results showed that the
chalkiness of X7, X11, and X24 under HT increased by 2.53, 4.82, and 6.66 percentage points compared to the NT,
respectively. High temperature caused the net photosynthetic rate of X11 and X24 to be significantly lower than that of the
control on the 8", 12, and 16" DAH, while the net photosynthetic rate of X7 leaves was higher than that of the control on
the 16" DAH. The grain filling rate of HT increased on the 8" DAH and reached its maximum value on the 12" DAH, which
was 4-8 days earlier than that of the control. The analysis of gene expression differences showed that the expression levels of
genes OsSSIlla, OsAGPSL2, and GBSSI related to starch synthesis in X11 and X24 grains were significantly down-regulated
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on the 12" and 16" DAH, which leading a decrease in amylose content and an increase in chalkiness in rice grain.

Keywords: early indica rice; high temperature stress; chalkiness; physiological characteristics; starch synthesis
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Table 1 ¢PCR primer sequences

HH EmE1(5-3")

S5 4(5-3")

OsSSIla CTGAGCAAAACATGTCCTTTGA
GBSSI AACGTGGCTGCTCCTTGAA
TACCATATCATGTGCTCCCATC

p—Actin

CTTCATAGGAATGGAAGCTGCGGGTA

GTCCATGAAAACCCACAATTGA
TTGGCAATAAGCCACACACA
AGGAAGCTGGTATCAACTTTCA
CGACCACCTTGATCTTCATGCTGCTA

1.3 HIESH
KA Excel 2016 78 2 # 56K ; RAH
SPSS 22.0X) £ 0 Kt 22 7 W & oo

2 ZHER59H
21 ERERLEMNKEIFRTHRERER
FERIF
ME2ATLAE H, Sl s, X7, X11H1X24
W FERETIN T 2.53 . 4.8216.6641F 43 s, TR
FFER 7 6.95% . 14.18%F17.29%., 136 WA #EH% H1wn
T A 38 fd 2 RIS T KRR R TR o, B v T RDK
EE,

*2 EERFHTHXENENTNRENERE
Table 2 The 1 000-grain weight and chalkiness in tested early

indica rice under high temperature conditions

e Qb ThifT /g L%
X7 NT 21.15+0.09 0.55
HT (19.68+0.33)* 3.08
X11 NT 26.3040.12 43.20
HT (22.57+0.17)* 48.02
X24 NT 22.23+0.23 37.37
HT (20.610.15)* 44.03

R A R UL BRI 025 AT S 78 X (P<0.05).
22 ERFHTKIEFR S KERNNTEN

FPRLHEIR AR S RPR S K BEOCRED], YAPR
FOKE MR —E B(E, FPRIESRAE IR, FPRLR
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ERBIEAMRY, AR, WEEREG 28~32KFIEE24~28K; WA, X11HIX24KF
FI7ERES R P o £ P2 K A, 1 RS20 D B A 20 1 B RS 55 20~24 K . 5
PSR BRI RS SHE6~10K, SRR 16~20K, ORISR T8 d, X70%AT HEt
20~24K, MWEIFTLUAEH, WIRAM X7, X111 BB BB . 1 IH SR Ak S 2 bk
FIX2AS 2R UK A I E ARG 5524~32K . 5 SBUKEEAT TR L R U S22 R A

#3 TRIRE &G TR RTINSk E

Table 3 The water contents of grains in tested early indica rice under different temperature conditions %
EiiTE Y XTH) &K X1 &K X241 57K
1]/ NT HT NT HT NT HT
4 59.03+0.01 59.03+0.01 62.46+0.12 62.46+0.12 62.55+0.48 62.55+0.48
8 45.41+0.12 45.46+3.11 51.41+0.54 53.35+0.03 45.82+3.36 44.60+0.27
12 30.88+0.53 29.69+1.40 34.98+0.22 32.64+1.45 39.43+1.70 30.62+0.84
16 27.79+0.38 26.07+0.32 30.00+0.78 28.67+1.51 29.17+1.71 29.97+0.01
20 25.45+0.03 26.55+2.37 25.55+0.03 28.19+0.04 21.37+0.12 26.10+0.11
24 25.69+0.78 25.86+1.23 23.33+0.77 22.58+1.10 23.16+0.88 26.23+0.56
28 20.68+0.25 25.28+1.74 24.80+0.65 24.01+1.70 18.48+0.03 26.64+0.50
32 18.47+0.37 24.35+3.09 17.88+0.74 23.21+3.08 17.83+0.21 25.28+0.09
23 BB TR ER RR AT 4~12 KRB, HAESE 16 AR i KAE, FHiR

X REERERT 1 4~8 dikE R KA . AR F B K FEATRE
TES8~12 R UREI A LU I, 2 )5 U T
TEAE20RAER AR TR BRI, BERAA T |

ot RSEVEAE T IE H, AFEREAPER

FR IR ot R FARE 4 T T R 3R R e S R LAY
MR 2E5 . Sl A N KRR PRI T e B 2
®4 FRBEFHTHAPABFREN TR TIRRE

Table 4 The dry matter weight of grains in tested early indica rice under different temperature conditions g
EililE Y= XTHERLAY 1) i X1 UFFRLA T 5 i X2AFFRLE -1y o o
Tl /d NT HT NT HT NT HT
4 4.34+0.41 4.34+0.41 5.26+0.74 5.26+0.74 4.01+0.82 4.01+0.82
8 11.50+0.75 12.21+1.50 14.64+0.96 14.83+0.98 12.63+2.21 13.32+0.37
12 17.68+0.40 18.51+0.30 22.63+0.06 24.21+0.28 15.38+0.05 18.91+0.75
16 18.65+2.63 19.97+0.80 27.41+0.70 25.85+0.27 20.05+1.09 20.72+0.20
20 21.36+2.02 18.63+1.97 28.50+0.32 24.12+1.15 23.46+1.39 20.27+0.14
24 21.47+0.55 18.75+0.23 28.37+2.09 24.00+3.59 22.03+0.65 20.31+0.10
28 20.07+0.79 17.85+0.43 27.56+1.22 23.53+3.59 20.61x1.24 18.55+0.10
32 20.68+0.35 18.11+0.94 27.13£0.51 23.00+1.81 20.23+1.31 17.85+0.90

x5 TRIREFH THIXPRIFEERNAERIERR

Table 5 The grain filling rate in tested early indica rice under different temperature conditions mg/d
iy, XTHPRLIE S X1 VFPREIHESR A2 XOAKPRIIGHER AL
i 1il/d NT HT NT HT NT HT
8 1.79+0.09 1.59+0.25 2.34+0.10 2.15+0.07 2.15+0.10 1.79+0.14
12 1.554+0.10 1.9540.30 2.00+0.20 2.59+0.07 1.38+0.20 1.94+0.17
16 0.24+0.20 0.37+0.13 1.19+0.07 0.34+0.10 0.59+0.10 0.70+0.24
20 0.68+0.10 —0.34+0.09 0.27+0.05 -0.36+0.20 1.2240.13 -0.36+0.21
24 0.03+0.13 0.02+0.07 —0.16+0.07 —0.19+0.07 -0.23+0.14 0.01+0.18
28 0.03+0.13 0.02+0.07 —0.16+0.07 —0.19+0.07 —0.58+0.14 0.01+0.18

32 —0.14+0.14 —0.15+0.06 —0.06+0.09 0.09+0.05 —0.08+0.23 —0.11+0.11
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Fig.2 The photosynthetic characteristics in tested early indica rice under different temperature conditions
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Table 6 The amylose content of grains in tested early indica rice under different temperature conditions

%

R X7 E RN & X1 1Y A GER & X240 LA GEN O

i) /d NT HT NT HT NT HT
8 19.15+0.36 14.85+0.39 8.69+0.62 9.32+0.23 14.3120.83 16.38+0.66
12 20.0441.29 16.04+0.76 14.140.15 18.10£0.55 14.28+0.79 15.64+0.79
16 23.62+0.75 18.3720.71 17.14+0.57 18.3440.29 15.42+0.93 18.330.65
20 25.5742.09 19.55+0.51 22.26+1.47 18.45+1.02 23.97+0.09 20.06+1.02
24 25.0042.09 20.0040.51 23.00+1.47 18.6041.02 24.00:£0.09 20.65+1.02
28 22.36£1.72 18.7621.30 24.49+1.08 17.98+0.78 24.80+1.59 21.03+0.84
32 23.65+0.98 21.2741.39 25.64:£0.40 18.000.54 24.27+1.05 21.2240.24
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Table 7 Differences in relative expression levels of genes related to starch synthesis in rice grain under high and normal temperature conditions

Eilig= Y OsSSIlla OsAGPL2 GBSSI
i Ik)/d X7 X11 X24 X7 X11 X24 X7 X11 X24
8 0.12 0.94* 0.42% ~0.15 0.11 ~0.16 034 0.56* 0.28
12 0.07 ~0.45* ~0.85* 0.27* ~0.71* ~1.08* 0.24 ~0.63* ~0.97*
16 ~0.41% ~0.99* ~0.52% ~0.82% ~0.54* ~1.08* 0.45% ~0.67* ~0.55*

R LR Al — TP IRl — L R ZEHT S NTAYAH X F ik i 22 574 G2 8 X (P<0.05).
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