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Abstract: [Objective] To study the molecular mechanisms of defense response and leaf premature senescence in rice,

[ Method ] we screened a lesion mimic and early senescence mutant, designated /mes?7 (lesion mimic and early senescence
7), from a mutant library of the japonica rice variety Wuyunjing 7. The main agronomic traits of the mutant and the
photosynthetic pigment content in its leaves were measured. The target gene was identified through fine mapping and
sequencing, and its encoded protein was analyzed and aligned. [ Result] Physiological analysis showed that the
photosynthetic pigment content in the mutant leaves was significantly lower than that of the WT, along with excessive
accumulation of reactive oxygen species (ROS). In the /mes7 mutant, the effective tiller number, plant height, flag leaf
length, flag leaf width, panicle length, grain number per panicle, seed setting rate, and grain yield per plant decreased
significantly, while grain thickness increased significantly. Genetic analysis indicated that the mutant phenotype was
controlled by a single recessive nuclear gene. Using map-based cloning, the target gene was fine-mapped to a 90-kb
region between RM28486 and RM28489 on chromosome 12.PCR and sequencing revealed a 7-bp
deletion in OsACL-A2, a gene encoding ATP-citrate lyase, in the /mes7 mutant, resulting in a frameshift mutation and
premature termination of translation. Phylogenetic analysis and sequence alignment indicated that the mutation site
of Imes7 lies within the succinyl-CoA synthetase domain, identifying /mes7 as a novel allelic variant of OsACL-A2.
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Table 1. PCR molecular marker primers used in this study
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Primer name Former primer(5> —3’)

LR

Reverse primer(5° —3”)

Indell CGATTTCTCGTCGAGGTTCC

TCCTTCAAGAATCTCCATCTGC

Imes7-1 CGCTGCCTCACTAACGCCTAT ACCTCCGAGTCCAAAACA
Imes7-2 TTAGGTCACGGAATCAAC TCCAGAATGGGAGAAAAG
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A, Phenotype of plants during the tillering stage, bar=10 cm; B, Phenotype of plants at maturity, bar=20 cm; C, Flag leaf phenotype, bar=2 cm; D, WT and

Imes7 leaf phenotype before staining; E, NBT staining of leaves; F, DAB staining of leaves, bar=1 cm; G, Content of photosynthetic pigments in leaves. H and

J, Grain length, grain width and grain thickness of WT and /mes7, bar=1 cm.
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Fig. 1. Phenotype of the lesion mimic and early senescence mutant /mes7

RV TICEEIR S R, EREBIOLRE

FHoR AL A RE, NEYI L KRR F Rt RE
&, KWE NRWEAA R ak st A Bl

MfEM. MEERARHE N SEN TR, RT2
BRI R IR, e & 1ER, &
] BE S EUEMA G AT RE S ikgs, H#E—2B N
JEIH 38

R AT A 502 « IR RAVL ALY
AR YT, SR NG R T RS,

T P2 AR R T AR R SR B3], 0 DY E(NBT) g
5 0y « RN —FEEKMEY), BT
Imes7 FRAGARFZLAH O « IR I Yot &
K, SEAETAE, Imes7 WM A IR ZE
BB, U RAIRFEA O, « YIR(E 1-E).
1M &R R (DAB)RERS 5 Ho0, KA RN, TEK
KOS (8] N P AR AR L IE . RARAK Imes7 5 WT H]
DAB B85 BLEIR, Imes7 W R 2S00 BE X 35k HH B
LRI, WA O R (E 1-F). 25k, =



KME 55 IRFE I AL T RE RN Imes7 1) S 78 55 32 PRRS 40 5 £

A P=0.046 B
- 15 120 -
2 .
S 5100 .
=
=10 4 = 80 -
® 5 5
SE 2 601
® o E
M= 5 S 40
S =
= 20 -
m
0 - i
WT  Imes7 WT  Imes7
E FO
25 P=51x10% < 300 1 P=6.2x10"
5 — E L 1
o 20 4 a
k= ® 5 J
K15 § 5200
2 my O
& B g
< 10 = B E
E é‘ 100 -
5 4 =t .
= 3 T
0 4 O oA
WT  Imes7 WT  Imes7
I 28 P=0.418 J 8.0 P=59x102
Chll B G I
5 26 4 I Evs
g £
W B W 7.6
-5 244 =
W & g4
> 4] s
Sz 512
20 7.0
WT  Imes7 WT  Imes7

A: BROYBEEG B: MR C: SIMHK; D &I 9E
JE . ¢ KR AEAE 5 1k 22 SR (P< 0.05) R B 35 22 5 (P< 0.01).

o+
o
y

w
o
n

LRSS
Flag-leaf length(cm)
s 8

o
.

%y
g

w
o

&
=]
Seed setting percentage(
(o]
o

4

~
o
!

[=2]
o
!

~

40 -
38
=36 A
=
fE 34
€32 -
et
©30 -

.
i

¥

28 -

P=6.9x10 " D
[ 25
g
o 20
ES
B Z16
Expe
_ T S10
n
2 05
0.0
WT  Imes7
H
P=12x10* 30
= 25
e ;3 20
[ 2z
=
2
>~
WT  Imes7
P=3.1x10* L 28
£
> 26
]- Q
%% 2.4
&g
£ 22
5
20
WT  Imes7

E: F&; F: WMREG G 45503, H: BH~&E;

-
o
L

o o
L

P=4.9x10"
— 1
T
TTWT | Imes7
P=19x10"
[
&
TTWT T Imes7
P=1.0x10+*
%
T i
WT Imes7

I. THRiE; J. kik,; K: Fi%; L:

89

A, Effective tiller number; B, Plant height; C, Flag-leaf length; D, Flag-leaf width; E, Panicle length; F, Grain number per panicle; G, Setting percentage; H,

Yield per plant; I, 1000-grain weight; J, Grain length; K, Grain width; L, Grain thickness. f-test showed significant difference (P< 0.05) and extremely

significant difference (P< 0.01).
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Fig. 2. Comparison of agronomic traits between WT and rice mutant /mes7
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Fig. 3. Fine mapping and candidate gene sequencing of rice /mes7
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Hul, H2HRT ATP-FriE R A EF(ACL)
RN RAZ ARIER D> . ACL B —Fhi g, o
ENATIF IR SR AL L LG A, W5 A 2 5%
PRI A R, TR A KR B FE N e B
B, HYH ACL AHifhrRE, T A 1
W B, WgmtdlEg T ACL 2 A KPS I 3EFE K]
ACL-A- ACL-BP®), iy H i ACL & B PE /> TEJ
KK SoACL-Al. SoACL-BI?, ACL-A 1 ACL-B
[PIEERIRANTR], QN4 FE IF AtACL-A HH AtACL-Al.
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P, A G R ERZ AR IRIE T, B PR AR AR AR
(IR, PEBPEAR AtACL-B2 B2k ] LB |
(e NN, ek, FEEEDFE i h SIACL-A2 %
KR8 FERTEIR &= R, 2 S
SR MNEARET, AT 207 0 S S KUK & 5 A
KPR AIE SRR v E RS B
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