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Fine Mapping of Panicle Apical Abortion Mutant futou3 in Rice

XING Xin-xin, GUO Xiu-ping, LI Shuai, CHANG Yan-qi, XUN Zi-qi, ZHANG Xin
( Institute of Crop Sciences , Chinese Academy of Agricultural Sciences / National Key Facility for Crop Gene

Resources and Genetic Improvement, Beijing 100081 )

Abstract: Panicle apical abortion occurs frequently in rice production, which can affect grain number per
panicle and when serious may lead to the reduction of grain yield. Although some rice panicle apical abortion
genes such as PAA1, PAA2, and TUT! have been identified, their underling molecular mechanism are still poorly
understood. In this study, we report a gene mapping and cloning of a recessive PAA fufou3 mutant in rice. The
mutant had shorter plant height during vegetative development stage and serious panicle apical abortion at the
later stage of panicle development, which resulted in significantly reduced grain number per panicle, panicle
length and 1000-grain weight. Genetic analysis demonstrated that the phenotype of tufou3 was determined by a
single recessive gene. Using 856 individuals with serious panicle apical abortion in the F, segregating population
derived from futou3 x IRAT129, TUTOUS3 locus was mapped in a 29 kb interval flanked by markers A-2 and
A-17 on chromosome 4 containing 3 putative open reading frames ( ORFs ). Sequence analysis revealed a single
nucleotide substitution of C to A at the eighth exon of LOC Os04g56160, a plasma membrane H'-ATPase
encoding gene, in futou3, resulting in an amino acid change from alanine to aspartic acid. qRT-PCR analysis
showed that TUTOU3 gene was constitutively expressed in rice, and its expression level decreased in the mutants.

The mRNA expression levels of OsVPE2 and OsVPE3, which induce programmed cell death of apical panicle,
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increased significantly in the degraded spikelets in tutou3. Further study of TUTOU3 gene will reveal the role of

H'-ATPase in the growth and development of panicle apical cells and help to elucidate the mechanism of panicle

apical abortion at the cellular level.
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Y5 %2, F)H Rice Genome Browser ( http: //rice.
plantbiology.msu.edu/cgi-bin/gbrowse/rice/ ) W k4 A
FRE AL DX 7] A ) 326 25 AL, i3 2 PRI 7 el J b o 1o
PRI H AR R A R 58

brid E w5 S 1))

Marker Forward sequence ( 5'-3') Reverse sequence ( 5'-3")

RJ4-15 CCGCTACTAATAGCAGAGAG GGAGCTTTGTTCTTGCGAAC
A4-11 CGTGCCATAAAGGACCTGGGATA AGAAACTTTCCCAATCAGTCTATCT
A-2 TAACAGTGCTCCGTGCCTTA TTCAGGATGCAGGTCGTTTG
A-33 TCCAATGCGATGCTACTCCA TGGAGACATCACGAGACCAC
A-17 ACATGCAAAGAACGAGGGGA TGTCACGATAAAAGTTAACGGTGT
A-7 GAGGAGAAGAGCCCCGTG CATGGCTTGCTCTTCAGGTG
4-34 GCCGACGGATTGTTTGAGAT GAAAATCTCGTCAGCCACC

1.3 BREEERARATHEIXERREESH
ffi F TIANGEN 723 ] (4 48 4 & RNA $2 JUis
&R HERHZA RNA, It EHEAEY
i AR A R 2 A i) PrimeScript I 1st Strand cDNA
Synthesis Kit i 77| £ & il cDNA. 7£ QuantPrime [¥
ul ( https: //quantprime.mpimp-golm.mpg.de/?

%2 qRT-PCR FrH3|#
Table 2 Primers used for qRT-PCR

page=home ) W it & ¥ I W51 (£ 2), fii
ChamQ SYBR gqPCR Master Mix 57 &5 ( FE 50 ME
BN ) AT 5 RCR,1E Applied Biosystems
7500 Real-time PCR ¥ #% b A74" 38 &4 5 ix
34K, LUK RS 2 Bz KL B Ubiquitin 1F
e

H N AR

Gene name

ER¥31

Forward sequence ( 5'-3")

AnERdl

Reverse sequence ( 5'-3")

LOC_0s04g56160

AAGTATGCTGAGCGTGGGCTTC

TCGACTTCTCAGGTACTTCCTGTC

LOC_O0s04g56170
LOC _Os04g56180
LOC _0s03g13170
OsVPE2

OsVPE3

Ubiquitin

GAAGGGCGCAGGCGAATAAATC
ACAGAGCCATTGTCAAGCACGTC
AACCAGCTGAGGCCCAAGA
CGGCTCCAACGGCTACTACAAC
CGGTAACTACAGGCACCAGGC
AACCAGCTGAGGCCCAAGA

TCTTGCTGCTACTTCCTGCTTTG
CATTGCTGGCGAACAAGGAGTTG
ACGATTGATTTAACCAGTCCATGA

TCGGGACCCCAGCATAGACA
GTGACTTCGTCTCCAGTGTAATCC
ACGATTGATTTAACCAGTCCATGA
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A TE 11 (Z2) Y utou3 (A7) ARG RIBRFR AL, LUBIRCN 15 em; B: G AE 11 (76) 55 arou3 (7 ) RERAY, LI RN 5 cm; C: HHAE 11
(76) 5 tutou3 (A7 ) FPRLACEE LUEE, WBIR R 2 em; D: WAE 11 (42 ) 5 tutou3 (47 ) FFRLTERE LUEL, LBIR D 2 em
A': Phenotype of Zhonghuall ( left ) and futou3 ( right ) plants after heading stage, bar = 15 cm, B : Phenotypic comparison of panicle apical abortion

between Zhonghuall ( left ) and futou3 ( right ) at the filling stage, bar = 5 ¢cm, C: Grain length comparison of Zhonghuall ( left ) and futou3 ( right ),

bar =2 cm, D: Grain width comparison of Zhonghuall ( left ) and futou3 ( right ), bar =2 cm

1 BFAR( Bde 11 ) FsRE(EK (tutou3 ) HIRBULLER

Fig.1 Phenotypic comparison between wild type and mutant tutou3

R3 HERMRBERZHERILER

Table 3 Agronomic traits comparison between wild type and mutant

A IR Agronomic trait

FpA 1 (HfE 11 ) Wild type ( Zhonghua 11) ZAMK (tutou3 ) Mutant ( tutou3 )

P55 (cm ) Plant height

110.95 = 1.81

93.15+4.48"

Sy BERYL Tiller number 9.65 +2.29 545+1.20"
F K (cm ) Main panicle length 24.95+0.71 1578 +1.017
— AL Primary branch number 16.31+0.99 13.20+0.75"
“URAHE%L Secondary branch number 50.46 + 7.29 37.70 +2.86"
Ja/INEEL Total number of spikelets 206.60 + 52.20 198.40 +21.42
iEfk/INMEEL Total number of aborted spikelets 2.80+1.53 86.60 = 18.81"
EFFSTRIEL Grain number per panicle 203.80 + 51.75 111.80 £20.90”
45525 (9% ) Seed setting rate 98.63 +0.01 56.40 +0.08”
A (mm ) Seed length 7.51+0.25 6.83+0.34"
A58 (mm ) Seed width 332+0.15 3100217
5 (mm ) Seed thickness 2.29+0.09 2.08+0.117
TR (g ) 1000-grain weight 27.03 +0.54 20.78 £0.55"

P EUEF R R FE + BRfEDE (n=10), : 5, " FR7E P<0.01 KV 25 03, NI

All data are presented as mean + SE (n=10), " indicates significant difference at P<0.01, as determined by t-test, the same as below
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k29 kb B X [E], Horp 5 X R O FRIE A-33 S84k
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Chr.4 -# n=34
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- \
- \
- \
- N
Markers RJ4-15 A-11 A-2 A-33 A-17 A-7 4-34
brid =856
No.recombinants 37025 S 0 6 22 35
Stk = 29kb
-~ S
-~ - \\
- N
;-—ﬂ Se— -
ORF1 ORF2 ORF3
B ATG TGA

1

g GCT GAT GCT ACA
Zhonghuall Ala Asp Ala Thr
GCT GAT GAT ACA
Ala Asp Asp Thr

396 406 -
e rart YW IWAMWAWAWWWYVWWVA
CTGTTGCTGATG CTACAGATGCTGC
o3 400 410
utou . A - : . ,
VWV WWWWWIWWYWWWY WV

CTGTTGCTGATGATACAGATGCTGC

tutou3

A: TUTOU3 SEPRSANSE BiAE A-2 Fl A-17 BRI 29 kb XTI, n 2o FH T A0 BE TR AL Bk i 8 H
B EITPRIC R TR E (289 Indel HRiC, T 7 FRiZbRIC T MBS EL; B: TUTOUS JE 4G
AL 14 ASPEFRL LS ARG Co R 11 autou3 MIFFE5R
A': Fine mapping of TUTOU3 flanked by markers A-2 and A-17 in chromosome 4 with a 29 kb interval, n
represents the number of panicle apical abortion plants for the gene mapping, numerals above the line represent
the Indel markers used for the gene mapping and the numerals below the line represent recombinants, B: A
schematic representation of the 7UTOU3 gene, including 14 introns and 15 exons, C: Sequence comparison
between Zhonghuall and futou3
2 TUTOU3 ERKIEME M
Fig.2 Fine mapping of TUTOU3 gene
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PP AE R AR 11 AN[EZH S, X TUTOU3 JE R ) 3R 38
BT T o0, 85 R R TUTOU3 24 iR ik,
FEIK A AR (25 i i R A R A 4 2R GE (A
3A ), TUTOU3 3R 1 gy fd () 2 1k it Bl 4 R A 1<
MEsE . AR T TUTOU3 FlE v X 8]
HoAth 2 A4~ 3 K 2k 12 & B, A% T TUTOUS3, 53
Hh 2 A FEH P FRIB AR, SRR L, 288 A rh
TUTOU3 W3R iAw il i F K (18 3B ), 5 —su
GEAL 1 IR B AR AR S — 3 W SRR X
B R A A

HiiEL
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Q D §
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Q&% Qbé’o th"c
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A: TUTOU3 SERFEAR RIS Fik ; B: S 19 qRT-PCR Kl ; BB R R FHIME = bRifiEit (n=3), ¢ WL, F ]
A': Relative expression levels of TUTOU3 gene in different tissues, B: Relative expression levels of candidate genes tested

by qRT-PCR, data are presented as mean + SE ( n=3 ), 7 test, the same as below
B3 TUTOU3 EEMFRIZEHRN
Fig.3 Expression level of TUTOU3

2.6 KBHEMBEATHXERREIEDN

FURE R Wi OR A S W S | R A e
paal ARG TS A A S =TS,
SRR PR T, B R T R TSR IR fh g
JKAGH 4 OsVPE2 Fil OsVPE3 58i# i Caspas-3
FER A, AR RS Bl 1 SR AL SRS, SRS K A Y
T B, OsVPE2 Fl OsVPE3 363k /K F- 7]
P it EAL R R RFEEE . AN OsVPE2 il
OsVPE3 3[R (1) 3235 K I R B, 2828 (K tutou3
X 2 ANFEA A ek B R & 4), 55 T 28748 {4
tutou3 FET S/ NMER LT RESE Tk E AL AR 2
51 K AR P RT3 B o

LAl
Zhonghuall
0.6
* %
© p— = tutou3
>
=2
1 8 04f
—
=5 —
Z 5
z 02r
=
o
o~
0 ] 1
OsVPE2 OsVPE3

Bl 4 OsVPE2 fl OsVPE3 4P HRIZENE
Fig.4 Relative expression levels of OsVPE2 and
OsVPE3 in young panicles



4 TS : IR FERRTIARIR AL AR tutou3 BUSEDIRGANE (L 1087

3 itig

I FH AR T 1R 1 98 A A S B AH DG LA, X6 T fif
BT LA AL, B A T R Ak P T2 e it AL R L it
B B B2 X ARERIE T 1Ak B TR
PP AR 11 PG ARA tutou3 | 5378 PRFE TS ™
R Ak, B — OB S, OB B AR SR
B TR E AR, P A2 B R, fERR B
), 5 A PR FE T HRAR £k 2 Y A B 2, (5 78 Sih Fek A
25, BETER A LR AL 2 B o X5 A0 R e v
IERIR LR OsVPE2 Fll OsVPE3 HYZEiA A6
ZERGH ARG 2 LR 1 2 A AR U A
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IR B R AL A i SFL T, g8 A8 & ( TOS17
Line NE1507 ) & S8 15% S AL IF ik 3z 6,
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ESI 3£ 2 TUTOUT JEP S5 e, esT 98738
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AR, G T AR 1 H-ATP B/ S0 H
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SEEE L HEIF P AL 11 Bl HO-ATP iR,
AHA4 A B T Bl i 2 s s G 14
M B AHAL 7E48LRE I W GO AL I ik ke
FEAE; AHAL10 55 70K & A 5, H
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JKAE B H-ATP B KA 10 80T, 70 il 2
OSHAI~OSHAI0, B2 OSHALO, HAh 1% 52 4R B A
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23T e K A h H-ATP il 75 A ok 148 388 1% 79 I35
PR3 BES 0L EHR 28 X B A W 5 LAt A AR 5T
I, PR 2 LHAT S A e A% 38 o 0% H-ATP i
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