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Phenotypic Analysis and Gene Mapping of the Semi-Dwarf
High-Tillering Mutant f2-132 in Rice
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Abstract ; The high-tillering dwarf mutant f2-132 was obtained from the Japonica rice variety F2-285A radiated
by ®Co vy-ray. Genetic analysis indicated that this trait was controlled by one single recessive gene, which was
mapped between two InDel markers C4-7Z3 and C4-Z4 on the long arm of chromosome 4. The physical distance be-
tween the two markers was 46 kb, which contained a reported high-tillering dwarf gene DI17/HTDI. Sequence anal-
ysis of the D17 allele in f2-132 showed that the base T at the 395" position in the coding region was substituted by
C,which changed the 132" amino acid from phenylalanine to serine. D17/HTDI encoded the carotenoid cleavage
dioxygenase 7 (CCD7) , which was one of the key enzymes in the biosynthesis pathway of a new plant hormone,
strigolactones (SLs). After treatment with GR24, a synthetic analogues of Sls, the tillering phenotype was sup-
pressed.
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Table 1 Primers used in this study

Fric Em G B
Marker Forward primer (5'-3") Reverse primer (5'-3")
C4-71 acglggcaattctatctecea agggoagagalatgaaga
C4-72 agtcgtaccaccaatctgga agctcecaagagetgagaga
C4-73 tggtatcattgecageaaga geatagcetgatttagectet
C4-74 gcaaatatgecgttteget tatgggltcagctgaagea
C4-75 acgagaggaagetggceagt agcltgatgaggcacagaget
DI17(1) agagtactaggtaactccct tcaatgccagcagegatect
D17(2) tecaccgacacccactacatect acacgaggcaaaattcttgect
D17(3) agaggaaccggttcgtctacge caggatggtatgtggcttttag
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A : Gross morphology at seedling stage, B : Gross morphology at tillering stage,

C : Gross morphology at maturation stage
1 EF4EZR) F2-285A FIREAF 2-132 HRE
Fig. 1 Phenotype of the F2-285A and f2-132 mutant
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Fig.2 Comparison of tiller number and plant height between WT and mutant at different stages
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A A
CCA—CTA TTC—TCC
F132—S  3’splicing site  P599—L F132—S
f2-132 s1-40 cl2/htdl
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(BRERFIND T, BERRNE T, & L8R D17 JEH %4
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7 RPE6S ZH [ 45 K3 s JRNE g iR 32 ik )

A :Map-based cloning of f2-132, B Structure and mutation sites of

A A
TIG>TCC AG—AA

the DI7/HTDI gene (Black box and line represent exon and intron,
respectively. Arrows indicate mutation sites of allelic mutants of the
D17 gene ) ,C:The function domains of OsCCD7 (Black box is the
RPE65 domain. Gray box represents the chloroplast transit peptide)
B3 BEfrxESEREEENFESISHT
Fig.3 Map-based cloning and sequence analysis

of candidate gene

2.3 FEEENFTISH

RT G 2-132 MR 2 EER TR AT
D17 HeDH J 58738 185 i), % F2-285A Fl £2-132
() D17 B PEA TR | F2-285 A 1l R 45 J A Sl it B
D17 #:H4H DNA 41K 3100 bp, b 6 MNE T
A7 AHNEF, ditd X 42K 1830 bp ([ 3-B) , ik
T3 XS IR D17 (1) \D17(2) M D17(3) (3£
1), 545 B SR, 2-132 By DI7 4% i X 4
395 bp T 721 C, % TTC 282k TCC, 33
95132 FLEAFER RN R (F) RAE 22 5 W2 (S)
(K 3-B), DI7 4ifihft) CCD7 &H 4K 609 > & Ft
g, e 1 ~ 65 DB N M SRR G 15 ik, 5557 ~
609 LM A B N 22 240 BUIN A B R T R A

M4 N R B BO&R AR 0sCCDT i (Y Bl b S 2
FH SLs A T & B GR24 (1 wl/mol ) ¥ /K 85 1
S2-132 BEATAL PR W EE 22 03 BE R AR 2 B, A B
3 A4 JEJE, TEAR I GR24 KR T,2-132 47
S 3.7 R4 T ASSPBE TN GR24 (Y f2-132 %2
SYBEMG Z BN, — B2 0.33 N4 EE, If H v BE
R R BRI S ) o X UERH f2-132 £257
PG T CCD7 Y Sife 1 B

3 g

Sy BEJR UL KR i i B R SR —,
R AR R R R R R 0 A,
il 7K A 43 BE I 43 DL 58 ELAT S22 A R 3 SR
SHME, 2-132 2B E S EERTIRM B, £
SYBEFAEAR (B 1), ARBIFGE A B S B 19 7
W B 2-132 PEACZ B EER A FE Nl D17/
HTDI i EE R s 1) 8 1 25087 AUAE P 8 3 It i 4
PR A g A2

ol JED 4 PR TR 2 DA S0 MR S R S ) — 2R 2 P
fig , VENARBRAG 550, AT 75 5 DS TR 1R 22 50 B A
BEERVE AR AE ISR, v A K,
TR AT . M4 NS F R A
M2k, B ABC JH1 D ¥R 2 D di i, 258 &R
FEAE ABC FR984), D FER 4ok H T MR N i , il ik
WEmEEERE " . CCD7 Fl CCD8 228 P &%
Al SLs SRR Y 2 AN G HERLR G, B T, 2
8 N Rt R A A R Y B N E(B-



134 HRHOIE AT KA IR 2 T BERAZR f2-132 1O TU S0 My R DY fir 169

InCCD7
JKRE (0sCCD7) , BB IF (AIMAX3) | JEAKEL (BACCDT ) , B2 E 15 (MiCCD7 ) , 5124 (OrCCD7) , #E%:4: (PhCCD7) , B ( PsSRMS5) |
FHi(SICCDT) , FK(ZmCCD7) , H % (ShCCD7) , #54EH ( AaMAX3) , iRk ( AcCCD7 ) , BB ( ReNCED) |, %5 ( VvCCD7) |
#JIN(CsCCD7) ,/INRLBiEE (PpCCDT ) , * AR RAS KR
0sCCD7 ( Oryza sativa, NP_001053491. 1) , AtMAX3 ( Arabidopsis thaliana, NP_182026.4 ) , BdCCD7 ( Brachypodium distachyon , XP _
003581501. 1) ,MtCCD7 ( Medicago truncatula ,XP_003622555. 1) ,0rCCD7 ( Orobanche ramosa ,AEQ30075. 1) ,PhCCD7 ( Petunia hybri-
da ,ACY01408. 1) ,PsRMS5 ( Pisum sativum ,ABD67496.2) ,SiCCD7 ( Solanum lycopersicum , NP_001234433. 1) ,ZmCCD7 ( Zea mays,
NP_001183928. 1), ShCCD7 ( Sorghum bicolor, XP _002446902. 1 ) , AaMAX3 ( Artemisia annua, ADB64459. 1), AcCCD7 ( Actinidia
chinensis , ADP37985. 1) ,ReNCED ( Ricinus communis ,XP_002511629. 1) ,VvCCD7 ( Vitis vinifera,XP_002274198. 1) ,CsCCD7 ( Cucumis
sativus , ADM18968. 1) ,PpCCD7 ( Physcomitrella patens, ADK36680. 1) , * represents amino acid mutation position

B4 f2-132 RECSEAREEY CCDT EBAREKEPHIRTESHT
Fig. 4 Conservative analysis of the f2-132 mutation site in the CCD7 family from different plant species

carotene ) , 281 D27 FEN w51y g- % b X7 M
it , 45 BT A B B- 8 N SRR R 9 - B -]
# NRPHH CCDT7 24 9- i -B- 8 hFE ek
9-B-Hc & 1% (9-B-configured aldehyde) , CCD8 13[A] 3
AR e Ak 9-B-HL & hy 9- X -B-apo-1f] B b
I ( 9-cis-B-apo-10"-carotenal ) Fl 48 & % Jill ( B-io-
none) ;9-NC-B-apo-#H % MEESFEHHE 45 SLs
HARM AW Y carlactone ; SR J5 2852 HAt
JONEF5 B D 4 P T B AT A

AW f2-132 FASAIE KRR 4 CCDT il
(¥ D17/HTDI H& R % A i 5878, T SO0 I 4 9 s
P L, TR B 2R AL 22 23 BERY R AL, A1 Tk
A4 N TR A BRI GR24 #EATAL R 43 BER

Nl == — S TE W X —AE W T f2-132 R4
3 J& 3 weeks 4 J& 4 weeks %%‘%ﬂ% Hﬂ ?ZEEH%\I]/i\ V\]Wé/ﬁ\ﬁﬁ Igﬁi%)ﬁﬂg o

A RABIK R-132 45 GR24 4031 3 JE G I 4 BE

f2-132 52 D17 FEPH—AN 80 1 5 A 5 A8 44 500
7B GASE f2-132 £ GR24 AbHE 4 JA 5 19 4> B FESHFIAE 2 5 (el2) FERG TS BEAY s1-40"7 SR 547
FH CK RN GR24;C . GR24 4b3H 3 JH Fil 4 JH I RANMK H RN EAL L/ EE (BE TR A2
BN BN St f2-132 P 132 (ERETR RN AR (F) 5e%

A :The tiller phenotype after 3 weeks treatment with . - e N \
. . L EIR(S) IR BIERAE AL L IFARNY , AL
GR24,B: The tiller phenotype after 4 weeks treatment

with GR24, CK: No GR24, C: The total number of
tillers in each group after 3 and 4 weeks treatment
with GR24

B 5 RIS f2-132 X GR24 4bIE AN K

Fig. 5 Response of f2-132 to GR24 treatment

J5 T RER A —iB A T BE , R I f2-132 243 BEL RIS
559 MR FUER AL, 2 TP D17 S 599 1 il A
2 (P) A Se MR (L) B2 BERREE LE f2-132
B ] RBR R SRR AR AL I LA RS T RE T
BRI, s1-40 Th D17 FEREE 3 N F 3 5 PF%
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