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Identification and Fine Mapping of a Panicle Aberrant
Mutant tutou4 in Rice ( Oryza sativa L. )
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YANG Ye, SUN Jia-meng, CHEN Qing-quan, LI Jin-cai, ZHANG Hai-tao
( College of Agronomy , Anhui Agricultural University, Hefei 230036 )

Abstract: Aberrant degeneration of panicle ( ADP ) usually occurs during the reproductive growth in rice.
It causes yield loss due to the reductions of panicle length, branch number, grain number per panicle and seed
setting. However, the molecular mechanism of ADP remains largely unknown since the complicated genetic basis
and sensitivity to environmental and physiologic factors. futou4 is a panicle degeneration mutant derived from
tissue culture, and shows abnormal panicle, reduction of grain number and branch number per panicle, as well as
single plant yield. Genetic analysis showed that the ADP trait was controlled by a pair of recessive nuclear gene.
The candidate region was finally mapped to the short arm of chromosome §, flanked by both Indel markers Os§-
3-2 and Os8-3-3, with an interval of 39.09 kb, which contained three encoding genes. The sequencing results
showed a 4325 bp deletion in the promoter region and one base alternation ( 7538 bp, A — G, synonymous ) of
the gene LOC 0Os08g06480, which was designated as OsLIS-L1/OsREL2/ASPI. Real-time PCR analysis revealed
the reduction of this gene expression in mutant to that of the wild type. Considering the expression level decreased
in the tutou4 , this mutant will be an useful germplasm in the study of abnormal panicle degeneration.
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JKFE ( Oryza sativa L. ) 2=t 5 b i B PR E
YEYIZ —, ke —He B A MNEBURE RN E
FirE AR, A8 R B R, VA A RO
FERIEL TR A SRR A IE R B A O, ik R
FERE S o R B ™ 1 T B A ™ i A
B BB KR K B R h &% kA,
FLs R Al A2 2% | 32 PSR AE AR R 3R e K, Ab
SRR WREE DGR IR S IR A AR A
Al g R S R MR G R A
B oAb AT IR S 1 NS R K B S5 i
. HATE ek T4 2 5B MR AR 56 1 2%
, AR AR 3 A S AR IR A A5 JE R LAXT (LAX
Panicle 1) "*'  RFL ( Rice Floricula/Leafy ) ) oLax?
( LAX Panicle 2)"*', MOCI ( Monoculm 1)"*' 5 MOC3
( Monoculm 3/Tillers Absent 1/Sterile and Reduced
Tillering 1) 7' 4 3 WL FE K f) 58 75 T EI0R B S 11
IR RE TR TE W Ak, DTS2 0 J8 A6 B5CROR P
o — LU P AR A U AR ] B 5 A APOT
( Aberrant Panicle Organization 1 ) 1 APO2 ( Aberrant
Panicle Organization 2) Ol Taw ( Tawawa 1) 1107,
OsMADS 22 ( MADS-box transcription factor 22-like ) *'* |
OsMADS 47 ( MADS-box transcription factor 47-
like) L10] . OsMADS 55( MADS-box transcription
factor 55-like ) "' 5 FZP ( Frizzy Panicle ) """ %8
S B AR B BT A2 B A, AR A
SR o M REE AN R A A R 53 3R 3 AR A S A
Gnla( Grain Number 1a) ">’ DST( Drought and Salt
tolerance )" . LOG( Lonely Guy ) L4l Larger
Panicle ) ', OsVIL 2( VIN3 - Like 2)''*' 55 SP 3 ( Short
Panicle 3) "7 {578 5 AL ¥ 43 A= 4180 b i i 43
HERMWMAER, 2w 1 o3 A AR, 8] 32 52 i s
BEAT/NER A0 H o PR AR TS R R A SR
1 OsDof 12 ( DNA-binding with one finger 12) ''*)
OsERI ( Erecta 1) "', PMM]I ( Panicle Morphology
Mutant 1) "*°'_ TBPI ( Top Bending Panicle 1) gy
GEAS A WA AR INER S, AL TG P 2552 3]
ANTRIRR B R 5200 o AR b A 45 R R IR b A0 /N
IRk, i T AL AT A, H A R R A A G
P s R KR Ak T2 5HER L
FHOCHY B A A QTL, Yamagishi 252 '] RS [A] 52
F 22 RIS, 2655 1,10, 11 Je@pk F A3
T 3 ESIT LRI/ NAEWCE 19 4% QTL, Ak
SP1 ( Short Panicle 1) 9t — 4> PTR F % 19 %
B, TR ) B R b 3Rk, spl 278

AR AR | BRI, (R AL
A SE e o e 1 R SR , S B R S ) AS A A/ N
RE RGBS, P E K AR, 5
R AR AL LU, B TR IR AL R A K R B At A2
O R R, AR IR ELLH AR AT R S A
RIE il 9311 (4 e 8 14 Fr Bey el iy e Ak Be At
e ZBEA ARG F] T30 5 1,2.3.4.6.7 il
9 Ytk b 7 A5 i B TR0 AT AR IR AL AR DG 1Y
QTL, Horh 2 55 9 YA 1Y ds-9 Ao s MR THHRIR
A1 BTk R 35 20% ., Tan 252 Rl RE W AG I 3] T
X 7 AMEETGR AL QTL, I HLAZ P T47 3 Yufn
R 189 QTL X 28 9 Y (0 A #Y QTL 775 b A 1k Yy
SF . TR FK RS SR EOL SHEE] 2 SR
P LAY RILs AR, A0S 6 A4S0 2 T4 1,23,
5.6 Fl 7 Qe @ik 125 B D0RIR ALY QTL iz
B TR TE 4.49%-9.74% Z I, 5 %Y )]
BT —A L-05261 BETRER B AL AL, HOBAE AR L
AT 50% L b iz iR AR = D i 3 X LA
Ay RS R O BAESE 3 4.5 FI 8 Y mfk
R F 4 A4 o R T AR AL Y QTL o7 5, DTk
HRAE 7.25%~15.82% 2 ], Cheng 45> Xf 24 52 4
£ L-05261 x IRAT129 (1) F, 47K Il % B T 46 3.
4.5.6.7 F1 8 Yo ik LA 7 A BETIU IR 6 QTL
0 o R A0 E ALK S 8 Y fK Y QTL iz
M, qPAAS FERTBIWI B RS KLY 37.6 kb HIBRICZ
. Bai 25> i 1K RS HEGE AL 2 AR A tutoul %
MR R AL, AR B AR AR BB Tutoul %
fith—Fpl 5 LB 8 VA SUR IR AR R 1, e
B HE R AT B HE AL 7 D M . OsALMT7
( Aluminium-activatedmalate Teansporter 7 ) Y fith —
AR SRR IR 1B B 1, R IR IR 1Y 1]
T3z 4y A B A, THUF /ISR 20 L P S SRR B = T
ek | 25 0 T P 198 S Ao -1 1 S TR, DA T 35
TR /N B 4 B RSB T, LN OsCIPK 31
( Rice Calcineurin B-Like Protein-Interacting Protein
Kinase 31 ) & fith— ™55 el il 2 1l £ 10 0l , 125 722
PRI AT P R B U 2R T AT MR AU AR R S B
ALK A FEFEAE T, G K paal 019 R F
PRARE | R SR SRR AL TR
IR th 2 BRI MR B AR BAE R P A= 1 52
PR XA AILHI IR ST WA R G, i AR T L
AL P4, S RERETIARIR AL AR SCRE I, A HopIL ]
Xof T B A A S IR AL TR s PR R B A
B RS AW LK AR L H AR K tutoud
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A = 22 %

WSR2 AR R SRR IE R & B 1Y Dular 2252,
P T st E R . 8o Hr e i3] 1T H Y
FE Tutoud , it — 2L f@AT Tutoud TEFERF L E H Y
EFBLBICE 7 38,
1 ME5EGE
L1 RIEH

KRG R KR F 58 A8 K tutoud K U5 T OBE A i AP
Kitaake Y20 ZU5GFRABR  HARILAS A FIT50ER /)N
e IR S A AT R VIR A B G, R S R R 2
WA e b, S LR R T A SRR AR T,
LR, R ReR e L . 1R T 2017 4E 2 A
% 2020 4F 10 HTELBA A IE RS T
1.2 EfLEFEHIEE

JH Dular YEACA 5 tutoud Bl 2258 H 45, 4%
F,, AZEHAS F, G B EIAR . A F, 2238 FpofI
F, FEARRE R T2 K22 B e KA, 242 25 d
BHYG SARFE AR, BT 10 BR, 1 THEA 15 cm x 20 cm,
BRI A, e S 15 d ARG RE AR AL I
FEAL5AT 2457 A FERH R ERR, IR ST F, BEA
HE AR NS AR IAR R R Y 2 B
1.3 KZEREFZRE5LEHEINNE

H 5 A ) AR AR K T IR, DL A A
Kitaake A %f I8, 24 4 cm. 10 cm. 15 cm. 25 cm
B B[RS H tutoud WO B3, AN RS B 1 4 A
FEAEACIR AL SIS . BT, BEAIL I R 5 AR
& tutoud EjHFH RIS 10 BRI L5 52 3250k &
EoEi QN vl I RSN B 28 v @ [RAP LR R & S
AR T B SR K5 D kR A B | 9 8 TR
FIJH SPSS 20.0 #AFHEATHE0HT . BEEA 3K
Y ER

KA 25 om A AT 4B SR S AR AL Y A LK
BYRLIEPE, 2% LKL G 0, 75 BA410 24 4 5
TR S ASEREALIES 5 A EF  THEAERNE T
1.4 BiEEEMET FIRICHTFR

F| H Gramene ( http: //www.gramene.org ) Fll
NCBI ( https : //www.ncbi.nlm.nih.gov ) £ &, % kb
HAHE A 9311 JEF AT 5, F4RAF A / BI85,
H Primer 3.0 ( http: //bioinfo.ut.ee/primer3-0.4.0 ) %X
P % SSR 4rFHnic, Bt & W 4 F R 7 RAP-
DB/HOME [ Blast % %fj ( https: //rapdb.dna.affrc.go.
ip ) O RE S B R B 0 5 L ik R T
Y TRABRAF A M. LA Dular #1 tutoud DNA
RFEA TR S AT 12 Rk B 2850k

1 SSR 43 F-Fric # Indel b1 3t 156 %F. M F, BE
R A L T SR R A 10 R, R CTAB
BB O B 84 DNA, #4 # tutoud 5E {3 1 DNA
TR, 7 55 4 3 K 41 %) SSR Al Indel Fric -
5 BARELH B B 07 05, 7E ALl AT H AR
K RI20 o BT Z BT bRIg, 7 R A REA,
X A R A TORE 4l 2 57 PCR 3G R AT 10 pL
PCR [ % & % : 2 x Taq PCR StarMix 5 pL . iF JZ [
5147 (10 pmol/L ) % 1 uL . DNA ##x 1 uL.10% %
LIS B ( PVP, polyvinyl pyrrolidone ) 1 uL F1
ddH,0 1 pL, PCR J W 25 F 1 82 : 94 C A8 Pk
2 min, 94 CAE 30 s, 1B KR 55~58 CiR K 30s,
72 CHEM 1 min, BEE 35 MIEFR; 72 CHEMH 5 min,
4 C#1E. PCR P2 8% AR5 B S Tk e e e
FL UK R O BRI e
1.5 1RIZERENF K TAIL-PCR

R 8 A7 F AR SR AT 10K 4 25 1 45 &
Gramene ( http: /www.gramene.org ) 7% [ v {5 &,
Xof [X. ] A% 35 5 (R i Primer 3.0 #E47 51 4% 3,
Jf-Hi RAP-DB/HOME Wi ki 5 | e S, X ]
P4 A 35 Ik PR 7 B AR U RN S8 AR R - EAT PCR 4,
PCR #" 1 5% H 20 pL PCR JZ Jij & % : 2 x Taq PCR
StarMix 10 pL. iE & [ 59 ( 10 pmol/L ) 45 2 pL.
DNA #54% 2 uL . 10% PVP 2 puL #1 ddH,0 2 uL,PCR
FN 55 A - 98 CHAEME 2 min, 98 CAEME: 155,
iR KR 55~58 CaR k155,72 C #EfH 2 min, 1%
B 34 NG 72 CLE 8 min, 4 CAEFF. PCR 7
Y1 28 1.2% B Mg B Bk JBE LUK 30 min J5 UL ¢ 45
P45 T I PR — B R 2l AR g PCR =426, £
DNAMAN 5 {4 43 B I Jy 45 5L, = 4R 0 2 4 1) X
AEFIHEN T A X PCR ( TAIL-
PCR, thermal asymmetric interlaced PCR ) 3k Tutoud
fEEE SR ATG L ii#MI3E /751, TAIL-PCR & R Fd™
WA S P S Liu 2565, TAIL-PCR 4 3 BirBe ™
Wy e T AR (R ) FSEZE 1 3 A )
¥, FHTIF K TAIL-PCR 51103 1,
1.6 RNA $2El5 Real-time PCR Xi& 5 #f

B 10 em 27, I RNA 3078 (JEa, BaE A w])
FEHUE RNA, RNA S sl & (VL5 A A A
315 cDNA, F| ] Tutoud CDS ¥ i1 %¢ ' 5& H# PCR
1%, N2 % P 7K B8 3L PR Ubiquitin ( 0s03g0234200 ),
JC AR Z2 SR H Takara 23 7] 32 5l £ TB Green ™
Premix ExTaq ™ II( Tli RNaseH Plus ), 7t BIO-RAD
CFX96™ #17¢ ¢ 5 & PCR {Y ( BIO-RAD, % [H ) |-
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®1 FHARERBGY

Table 1 Primers used in this study

ES] EAS E59F5) (5-3") S5 y75 (5-3")
Type Name Forward primer sequence Reverse primer sequence
[ {3 FE 0s8-2 GAAAACTAAAAAGCAGAGGA TAATCCAAAATGGATAGCTT
Mapping 0s8-3 TGCTGCATTATCGACACACATCC CGATCTCTTCATCGAAAGCGAC
RJ8-4 TTATCTGGGATCCATCGAGC GCTCGATGGATCCCAGATAA
0s8-6 CCAAAACATTTAAAATATCATG GAATGGTAATGACCAACAAGC
0s8-8 TAGGTTGGCAGACCTTTTCG CGCTACGAGGATGATCTTGAC
0s8-9 AGAGAAGAGAGAAGCGCACG CCGTCCTCGTGTGATGTATG
0s8-10 CAAAGCTGTATTTTGAAGGCTCT AAAAAGGTTCCCCCAGAAAA
0s8-3-1 AGACCTCACACTCTCACAGC CAGGGAAGGAAGAAAGCGAG
0s8-3-2 TCAAAGTGAACAGGGCTTGC CGACGTCCTCCAACCCAATA
0s8-3-3 AACATGCAGGATTTGTGATCACTG GACTCGTGCATGGTTCGGTTC
0s8-3-4 GTCGTCGAAAACCTCCATC GGAAGACGAGAGAGGCAAGT
0s8-4-1 GGGTGCTCCAGACTCAGATT CCTTGGAAATTTTGGGGGCA
0s8-4-2 CTTAGTCAGTCTCACGAGAAAGG TTCGATCTGAGAGCCCTTCC
0s8-4-3 GCTAAAACCACGAAGTTGCG AAAGGGTGAAGCATGGAAGC
FET A IAKIFR PCR TAIL-PCR AD3 NGACGA ( G/C )( A/T ) GANA ( A/T ) GTT
Rz Primer 1R CGATATGCTTAGGAGATTGCTGAC
Sequencing Primer 1F CATACATGGAATCATACCAACC
Primer 2 GTCAGCAATCTCCTAAGCATATCG TGGAGGTTTGAGTTGGTGAGG
Primer 3 CAGAATCTAGCACTCCCTCCATC CGCTTATAGTATCGTGTTAAAGGC
SERF SO E PCR Primer 4 GAGATCCGGAAGCAGAAGTACC GATACTCGTGAAGGATCTCAAGG
Real-time PCR Ubiquitin GCCCAAGAAGAAGATCAAGAAC GACTTTTATGCTTCCGTTGTTATCT

PEATY RN . BEANREARTAT 3 UK, L 27T ke
T Tutoud HIARXT AR, ] T W0

2 HER55H

2.1 tutoud REERESIT

IKFE TR S8 K B R AR tutoud Sk H TR A
i Kitaake 19 2H 2385 5% 54X, 726 I8 248 19 H 18] W
FERI, A IRER E . SRR 5 EF A Y Kitaake
TEEFAERKI BRI B 22 5 #E AT E KB B
Ja , RASRA AR ARG | R R LR | PR TR Y
BRI A/ N L BRI G2, R B TSR
(B 1A). A T TR ry i 2, X 4 cm,
10 cm. 15 em 2B 58 A= K By B i /B EE AT T %
G5 RN, TE 4 om Z T ) B8 By B, BT A AR R
tutoud S AEREAT B .22 5 (& 1F ) 5 {H 2 4 4 Al
KEH 10 cm B, ARG B BT A ARk
FECEN1G) ; M AT 2] 15 cm B, 7E R AR T
A RIS B B A, [T EsE, B AT T
RN & B A CEHD) 5 LS, =28 KGR ik
R F/ NSRS, BR TR IR AL I 5 0 W i
(BT, G55FR, AR tutoud TR H FRAE

HELEGIREPR S

W3 2 PR, toud T BIRR R R 112.1 +
3.2 em, B E AR T A2 41 (137.9+3.9 cm ), AR 1K
FIEE 19 B 4650 T 22.9%, BEK 4606 T 27.6%., 5
PFA R L, tutoud TEFERIEL (75.3 £ 2.1 ) U A
AU B3 FHOR £ (172.6 5.2 ) 11 43.6%, H. tutoud KR
Sy ek (BRI R 71% ) AR RAT KL
TR (14.1 g) [CHEFAERIE 49.1%., DL E25 R
BH , S8 AR (AR (AR R /INER SR ) R B AR T
HRE
22 TEMHENRSH

M T tutoud T PEFAR, B L-KI 4% €835 4 I
TRAZNK tutoud F1HF A4 K Kitaake i 20 AE 3 10 15
F1o S R L, tutoud 1E AR TR R YL 0
B (EI2AB). 7F Wi T MW & 3, 574
RIZE R R B IR, BT () 46 4 5 R A= 7Y
(F 2C) B3 2 T2RALK tioud (K 2D ), Ye 3R
AL R R R B 98.4% 111 9% A A KL BT
IAERY R | H 2 BRI AE R SR )
36.5% (|8l 2E ), W] Tutoud FEH RS LSBT
PEREA
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A BPA: Y Kitaake FIZRAEIK ttoud FEMIEHIES
e

L HBIRCR 10 em; B C: BF2E TR Kitaake ALK tutoud HFEIT 522001
CHIR K 5 em; DL E: B4E A Kitaake FIZSARA tutoud ¥R R SeRE LA, HEIR A 1 em; F~I: Bf4: Y Kitaake ( Z5)
LEEAER: 4 cm 10 em, 15 em T 25 cm I RS R AR 5

AR tutoud FITEFBIER LR (7)), FEFIRCK 2 em

A: Plant phenotype comparison of wild type Kitaake and tufou4 at heading stage, bar=10 cm, B, C: Panicle morphology comparison of wild type

Kitaake and futou4 at heading stage ( B ) and at mature stage ( C ), bar=5 cm, D, E: Grain size comparison of wild type Kitaake and

tutoud in grain length ( D ) and grain width ( E ), bar=1 cm, F-I: Dissection of developing panicles of wild type Kitaake ( left ) and tutoud

(right ), showing different stages indicated by panicle length of 4 cm (F ), 10 cm (G ), 15 em ( H ) and final size (1), bar=2 cm

B 1 EBFAER Kitaake FIRTK tutoud WREEE
Fig.1 Phenotypic characterization of wild type Kitaake and the tutou4

R2 FEBMREERZHRILR

Table 2 Agronomic traits comparison between wild type
and the futoud

PR iy} Ay AR IR
Agronomic traits Kitaake tutoud

Pk (cm ) Plant height 137.9+3.9 112.1£3.27

FFHK (cm ) Main panicle length 250+1.1 18.1£0.6"

A% Grain number per panicle 172652 753+2.1"

ALNY

53 (% ) Seed setting rate 828+ 1.8 29.0+52

#5—451E] K (em ) The first internode length 419+ 1.5 323+ 1.7
25 75104 (em ) The second internode length  22.9 + 1.5 22.4+0.9
25 =77A4 (cm ) The third internode length 184+ 1.5 16.5+1.3

VU5 (em ) The fourth internode length  11.2+2.0 10.1+ 1.1

AR (em ) The fifth internode length 54+11 53+03
A75% (mm ) Grain width 3101 2701
#it (mm ) Grain length 85+0.1 7.7+02

TR (g) 1000-kernel weight 287+15 141+13"

" FORTE P<0.05 KT EEF R, FORE P<0.01 KFEERT
2 MUEFRRNTERE « bRED; FIF, n=10

% Significant at P<0.05 level, o, Significant at P<0.01 level, data are

presented as mean + SE, the same as below, n=10

2.3 tutoud I=IENIT

LI tutoud EEZAS, Dular “hACASEE I 2238 2H
F, MR AT IEH , Fy BRI 0 E 5 2 A A E’ﬁ-?
%‘éﬂ*” F:% BEHLIE A 158 Bk F, HLbk &3, 1E # F Al
FLSE H HRREARE 000 R 122 BEA 36 K, 755 3: 1
(x =0.227<x0,05, =3.84) W3 B A . DRt B € AR
A tutoud HYFAWEIRSZ 1 SRRz 3k %
24 FRUEEMES

F 515 & N EEAR B AN SE R tutoud A1 Dular
19 156 X B A 285119 SSR Hl Indel 51 #t5ric , ¥t
K H T 10 Bk F, B 55 BRPR2H s 58 42 /& DNA

W FEAT BT, A BALT56 8 Yok 111 Os8-2
5IEAR tutoud 175 B — 2, IE—EFH Os8-2 il

M bR G HEAT B BT, RILT 5340 5 X%F 28 15|
¥ 0s8-3. 0s8-6., 0s8-8, 0s8-9 Hl 0s8-10, Fi JH ix
6 X} Z S 1E G| ¥ X 2% A8 4H 4 Dular x tutoud B 500
PR F, B R T i — 2 e . R B H AR
Tutou4 u T 51 % 0s8-3 F1 0s8-6 2 [ iy 1.6 Mb A
(& 3), FIH Gramene | HASHEEE 8 Yetafknt 31
15 B, 7 0s8-3 il 0s8-6 Z [A] & i 8 X3 i) SSR
H Indel Aict (38 1), ARZEA FHTHAD 1952 Bk F, B 5+
AR TR A0 E L, B Tutoud BIE 7E Os8-3-2 il
0s8-3-3 Z [a#FREF 58 39.09 kb AYTE I (& 3 ),



54

RICHFAE : IR FERR S FALMR tutoud (HESE LS PE (L
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E
Q
E 0, o IR 46Ky Normal pollen
on
= . I .
-2 = I AERY Abortion pollen
E 100 - 7‘ \
£
= 80 .
o
~
~ 60+ I
IS
N 40 r
g
£ 20
R
® o
Kitaake tutoud

A B: B4R Kitaake 597 tutoud FEMHER A ILEL, LLHIRCA 1 mm; C. D: BB TP EFAE Y Kitaake 59875 4 tutoud
HHPRLGL LU, EEBIRCA 125 um; E: BFAE A Kitaake 5 28728K tutoud RUAER YLK, n=200
A, B: Comparison of pollen sac staining between Kitaake and tutou4, C, D: Comparison of pollen grain staining between Kitaake and tutoud
in a single field of view, E: Pollen staining rate of Kitaake and futou4, n=200. Bars=1 mm in ( A )and ( B ), 125 um in (C )and (D)
B2 L-KI $EERSNEF £ Kitaake FIRTMR tutoud TEHEN
Fig.2 Comparison of mature pollen activity of wild type Kitaake and mutant futou4 by 1,-KI staining test

(=)
~ =
3 L
e} o
A Chr.8 #—
P T
& o ww o E
D &
Markers @) o [e)e) ] o)
| | [ | |
B | [ [ [ |
Recombinants 21 4 14 16 22 28
-~ ————
o0 T T T T —— n=500
< T T T ——
“Ten <+ — o~ n T T
o mrll (‘I’) r'lw <t Jr <|r <|r o
oo D I
Markers 88888 & & é é é
Ll | | | |
C . T 1 | | !
Recombinants 10 5/3 12 4 7 9 12 16 n=1952
S T T T T e
e
ORF1 ORF2 ORF3
D
39.09 kb

BRI L J7 5 LT I 43 TRRIC BT J5 A S SR, 21 6 i S HE S H S

The numbers beneath the bold lines represented the recombinants identified by the corresponding

markers, the red arrow box is the target gene
B 3 Tutoud HIFEHESL
Fig.3 Fine mapping of Tutou4

2.5 (REEER S

| F Gramene [ ¥} F1 Rice Genome Annotation
Project ( http: //rice. plantbiology.msu.edu/cgi-bin/
gbrowse/rice/ ) |- W3R FUAE B, &3 ik 39.09 kb
FE L D TA) A A7 3 A G 5 Bk IR (3R 3), 1l e &5
R ZE B, B A B Kitaake Fll 28 28 4R tutoud 1 K [H
4l 7F ORF1 M1 ORF3 I & A 22 5. ORF2(LOC_
0s08g06480 ) & A 25 AN+ HF1 24 SN F £

TAIL-PCR B9 F 45 5 B, 78 ATG | JiF —1224~
-5549 bp [H]F74E 4325 bp 14 F BLik s, ib4h ORF2 1)
W& FRISNE T FAFAEZ SNP Hl Indel 254k, 4n%E
2 N E - (438~439 bp, MR IGH ST, T IR ) 17
7E 2 AL GT BB 28 3 M T (592bp J5 ) I
FETE 1AL A 1936 AL 265 16 T~ 7 (4634 bp )
AFAE 1 ASREIE T A4 AR 4760~4672 bp 4k 2 4
Bl & TA SRR, 25 21 S F (6388 bp ) i3 1
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O % 2%

WA T BB, 55 23 NN+ (6730 bp ) L ih
B AIEEE A BE ARG — A (7538 bp )
BRI A B BRI G, A T B R B B
FEVEA U S R (B 4A ). % 10 em K42
LOC_0s08g06480 1) 7 1t A6 il 3= BH , 98 A48 {4 i Jik
) 2% 38 AN R BT AR AU 1Y 3.29% (1| 4C ), &
AR 1) il 5 2R T AT BB JE th T LOC_0s08g06480
(18 2 1K 1 R AR I o T PR ) R 4 1) S TR
OsREL2/OsLIS-L1/ASP1"" ) [y 4 (i 3 ] | 43 5% 2%
lissencephaly-1 Hd[A] R H .

®3 BAEMXENERER

Table 3 Annotated genes in the fine mapping range

FI 4k I M3 Phytozomel3 ( https: //phytozome.
jgi.doe.gov ) [\ Ai iy LOC Os08g0648 X 1y
GG B TEIK RS INAE LK R A T R T Y A
HEHE R R LOC_0s08g06480 W R H , #]
FH MEGAT7.0 #14:%F Tutoud & [7] J5 55 1 1) 2 5 2
FE AN HEAT LR 40 2 3R e AU, & SRR Th A A
LOC 0s03g14980( OsTPR3 ) 1 LOC_0s01g15020
(OsTPRI )2 A~ [R IR EE A, [R] I 53 50 by 82.1% F01
79.2% (&l 5 ),

TFiik I HE ORF JLR 44 FK Gene name TR RE Putative function
1 LOC 0s08g06478 2K H Expressed protein
2 LOC_0s08g06480 2% lissencephaly-1 U [R]JZE ] Lissencephaly type-1-like homology motif, putative, expressed
3 LOC 0508206490 = IRTLAK Pentatricopeptide, putative, expressed
ATG TGA
A Primer 1F 4325 bp Primer 2F  Primer 2R I
AD3  PrimerF  Primer3R  Primer IR t £1
+T +A |[TCA-TCG
B bp Ser— Ser
10000 — C
8000 —
6000 —
5000 — 1.5
4000 —|
=
3000 — .2
]
Primer 1 %
2000 —~ s 1
[
2
=
Q
=2
I
H 0.5 -
1000 — Hﬂé
o
=
Primer 2 o
. 0 ————
Primer 3 .
Kitaake tutou4

Kitaake tutoud

A RIEFER Tutoud (LOC_Os08g06480 ) LG IEL , FrHEACTR PN & F P BRIE A Sl e R Afe , i ARl B,
JAH KBRS 191 DNA F B ; B: 514 Primer 1F/R , Primer 2F/R Fil Primer 3E/R 41 Tutoud
JR B FIXIENA A, BB BRIA 15 ; C: BF AR tutoud Real-time PCR 7341, n=3

A': A schematic representation of the Tufou4 gene, the boxes represent the deletion and replacement of bases in introns, the dotted line

represents the missing fragment, the DNA fragment was amplified with the primers shown by the arrow, B: Identification of the

deleted site in Tutou4 by amplifying the DNA fragments, using the primers indicated by arrows in ( A ),

C: Real-time PCR analysis of Tutou4 expression in WT and tutoud. n=3
B4 (RIEER Tutoud FIEFE
Fig.4 Identification of candidate gene Tutou4
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99

99

—
48 | Traes 4DL 9AA437861.1 0.050
741" Traes 4AS 0402COFAG6.1

Traes 4BL FAC2C6B29.2

HORVUOHIG008690.1

LOC _0s03g14980.1 ( TPR3)
GRMZM2G030422_T02 ( RELK2)
[ ATIgl5750.1 (TPL)

— 99

AT1g80490.2 ( TPRI )
GRMZM2G042992 T01 ( REL2)

99

I LOC 0s08g06480.1 ( Tutoud )
HORVU7H1G066930.5

g9 [ Traes 7BL 73E7653F7.1

75 || Traes 7AL C817A0712.1

69 | Traes 7DL 613007B24.2

AT3G15880.2 (WSIP2 )

AT3G16830.2 ( TPR2)

AT5G27030.2 ( TPR3)

99

GRMZM2G316967_T01 ( RELK1 )

99

LOC_0s01g15020.1 ( TPR1)
HORVU3H1G035170.2
99 Traes 3AS 76A815719.2

g2 [ Traes 3DS DEE36BCD2.2

65 Traes 3B 5SAAD28F95.1

SIS R A B E 2

Bootstrap values are shown
B 5 Tutoud A Tutoud

as percentages at the nodes

KEANRGERENT

Fig.5 Phylogenetic analysis of Tutou4 and Tutou4-like proteins in different plant species

3 itig

TR A& B 2 — 0 A3 o0k AE)F Y
BHAN NE AR R B 5 24 3 AT R
2 F N SRR PR utoud HEA
AR BT BE , RASRAE KA G2 A S RS
S R T 1 5 o A A A/ INER IR TR B S, 3R
PN THE R K B — P 23R R, 55 8 A A L
tutoud B AT BV A2 B A B Y 43.6%, B tutoud K
BRIy S A R (i BRI 71% ). tutoud FEK
Kb, HAE AR IAER AL T BUE A 36.5%,
5 oslis-11/osrel2/aspl Fe Rl Gao At 138 ) o g i
1K oslis-11 #) BF 5% % P, T-DNA i A OsLIS-L1 )
921 DN T35 oslis-11 A KR FIAE K T 1k
Wo 5HFAE R 45 S0 81.4% ML, oslis-11 [RIZ55
RAUH 11.3% , K t FORLFE 980 T 15.1% F129.6%.
Kwon 27 4238 T 7545 13 AP B T I T-DNA #i
ARG osrel2, osrel2 FE{EM W A0S, I
HP ST R — A T N R
HE osrel2 FERER A B A 64.0% , H A A
R 5 osrel2 BT ANAE7E I i 2% 5% Yoshida

SELVISH S 12 AN TR AR AR AR IR aspl 1)
WFFER W], aspl 50 AL 11 248505 9l 20 31 95 A= 4 1Y
60% , B AN /N A28 B 1 4 T A7 A 30 43 ol o 45
ZHRM, 5L RARM ., mtoud J&— 4
A sh T XA KA B/ D 2828 A, R 8 T XSl
RNA BAEHEE R BIAEE A, fE LA R 4G
SR —B: DNA P41, Lt 2 F T-DNA §fi A ¢
Fr B e g 181 25 s e AE . 1) 2 1 DR 45 B R0, Bk
SRR IFAC, BRI 4N, Tutoud Fefg—Aok
W R A B G, ML T — AR ]
151 m°A 7 A5, 1AM P2 — > WD40 JE v
AT REXT IR i ek i AT 5e A iE AR S BT R B
KRG AEAE LOC Os03g14980( OsTPR3 ) 1 LOC
Os01g15020 ( OsTPRI ) Hi A~ Tutoud [R) Y5 1)
(K 5)., TPR/TPL & M J& Groucho( Gro)/Tupl %%
T RS e S AL BB Y, W] DGl 58 LR
I TeAR S A A CBGE AL ( LXLXL/DLNxxP )
(14) 2 S R A B A D 10 o 0 PR 1) 3R, T
JK R R & B bl G HE AR Y. 7E %A Karrikin-
Like Signals (KLs ) B¢ & ) 1 &L T, TPR&E 1 5
OsSMAX1 JEJ8—1 SMAX1-TPR E&W, 1MH 175
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(R SR F N TPR e sk g AR, el
TSR3k, A1 S 5 BR {5 Sl ok il 4k
W RE 2 AN oslis-11/osrel2/asp1/tutoud T
IR Sz 5L R WL AT A R T8 s i 5L R A
KR B AR ROV FH AR R R R AL ok B, X7k
R = ha = B R A IS S SR X

4 £k

AWFFEIGE T — 4 LU 37 e AR R v i 1B
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FEIE PO TR A R I AR A, I H A — ELAE
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W R TIE R o AR R AR utoud 15
¥R E S IE R E K 63.5%., FERLEAZ G, 58
AR tutoud THFBIR AL /N LT 23 i v , 5 B0
o FEREER LA Bt e 450 S 2 BRAIR , S ) Bk = i

(5. X Dular 5 tutoud Be il 2% 3¢ 21 A 1) F, st
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PPl 38 B T B R AR SE R RE e KRS
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AR EL RNA HEFT Real-time PCR 434745 S 0
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