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Identification and Gene Mapping of a Floral Organ Number Mutant mf2 in
Rice (Oryza sativa)
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Abstract: A rice floral organ mutant mf2 (multi-floret 2) was identified from Hanghui 7, an indica restorer line in rice (Oryza
sativa L.), which was treated with heavy ion irradiation. The glumes, lodicules, stamens, pistil of the mutant increased, and most
of the spikelets had 2-3 flowers. The palea and lemma of m/2 mutant were dehiscent, the shape and number of vascular bundles
were different from those of the wild-type. Scanning electron microscope analysis revealed that the flowers variation of mf2 had
been formed in the differentiation of the primordium during the spike differentiation stage. The heading date of the mf2 mutant
was delayed, the plant height was decreased, but the number of panicles was increased, showing that the vegetative growth of the
mutant was also affected. Genetic analysis showed that the mf2 mutant phenotype was controlled by a recessive nuclear gene.
There are 321 recessive individuals from the F, segregation population were used to fine map MF?2. Finally, MF2 was located in a
102 kb physical interval between markers SSR39108 and InDel39210 on chromosome 1.
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FI“ABCDE”# I K RE(Oryza sativa LYWE K BAT
A B T AR AR Y, X T “ABCDE B Rty LA
WA, BRI —E R 2 R

IKFEAEA B 0 SEA 540 B 2 /N, 1 A/
T ZNME, NER RS, AN AR/
ONRE L . HERS MRS, KABIE R E R A R
A AL F5 45 50 25 7 1 ) R S U B Ak, i HLAF6 45 40 2
FECH A AL, B A A . B e iiE
A R P KRR AL 2 T R H A SE R 282 PAPT'
RFLY LHS1/0sMADS1® | OsLRK1™ | OsFORI"™
FONI" | FON2/FON4"* "™ 0sap2-1" SNB!'|
JMI706"  EGIMT | SL1M™ | MFSIY . NSGPY | EG2/
OsJAZIPY | 0sIGI™ . OsMADS32*'fil YABBY4**!,
Hidr IMJ706 8 3 G5 H2K 9 2 1 IS R 422 78 25 B 1
KE; EGI-EG2 Fl YABBY4 4y W3 12 5 1 18 F 7R 25
FXIEA T KT AT, 7R R AL R R
A PRI E 7K A A B AR A

HAR H R R B KR A KRB AL S 1 R AR A oG 3
N, {H KRS e B AR P B (16 2 A 4 210 e 1k
VAR AEA T B PR R TR AN T M o 25 = 0 )
MHIE T — N2 /NME/NREARR mfl, H—A/N il
P B e K L b /NAE . AR5l i I A AR AR
BITER E A H Ak, U m a2y,
MR EL LR RS A, s
multi-floret 2 (mf2), AWFFEXTIZIEABR AT T R
YoE . AL BT RN SE A B E A, FEAE B e A X [A]
F14) 355 DR 3 B 0 e ko ke 3 TR A 7 e, Ay ke 3 [
1) o 3 B T REATF 9% B8 S St
1 mR5F%
ik A Rl
RAFR mf2 BAEMFENIK 7 S EETHE M,
Wi AR B — N ERR TR AR, 2 2R A K
2, HRBEESA . Lo m2 BAAAK, 255
02428 (H5iF5H)F1 Francis CKEAH)ECHI 2232 416 H Tt
15341 o LA 02428xmf2 19 Fy BEARAE )20 8 AL REIR,
DL Francisxmf2 i) F, FEAANE JpkG 240 8 ALK

HETIEDAET L K 7 5 TRFF 2014
o4 A AE SN EE B TN AR (HIRFL) B 4 50 56 == iF
P, T 12C, 80.55 MeV u!, TREFH 4 4
cm, WEEFEIEE>90%, Wik 5~20 nA. & HRFE N
80 Gy,
1.2 RZHERAE

SRAFNRKE R mf2 FEF A RY(WT) RIS RIS . 422E

1.1

B m2 A1 WT A4 HI )Y, o 5 0 2 Ho il el
WL ke, BEK. B, 4isR. TRES EER
PN
1.3 EEZMEARZYR
13,1 MR3IMLE TR S i B A R RN B A
R A BN AL, 76 SZ780 1AL BANEE T i) . Wi
FIHI,
132 &Hyh AR BEAIL 2 70 1A T B A AR I
R AL, F FAA B2 (90 mL 70%iHks . 5
mL Hi/R B AR 5 mL vKSER) [ E o 28R B FE I K
SO0 R W S R R B B R A s, A
WU R ALESE Y R o R BT 2 - s WE Y,
PR et AR A . ] Olympus SZX10 RIG¢ 5 i3ss
pUE-SiEii
133 @AR TG AR AN B A TR K R 40
2.5%~5.0% M1 156 T [ 28 o8 Tk 1 E TR RE IS SRR
AMRE, A4 LRI [ E W SE 40 3~4 min, 7£ 4
CHATFREE 1~3 h W E 2w, A 0.1 mol L
pH 6.8 ) PBS I3t 1 h, M=V 3~4 1K
PBS J5 M L FER K T . 4 I0K LT85
ASRNmBEFEERYE L, 4 H
XL-30-ESEM A5 B 4 # ULE%
14 HFHRIERBEFE

Z: B8 gramene 0¥ % (http://www.gramene.org/)
) SSR ZI#/¥41, I SSRHunterl.3 {8 ZHEH
Nipponbare #B43 SSR 5[4 . ##i#HFF Nipponbare il
HiAE 93-11 BYJ¥ 41 22 5 L XTIt InDel 514, H
Primer Premier 5.0 A5i15149, 519k g4
T T AR PR Al A B o
1.5 DNA 2E5 PCR #&ll

KA CTAB PR BUKFEIE N 4] DNA. PCR
P 1k Z £ 5.0 pL 2xPCR Reaction Mix ., 0.1 uL 5 U
uL™' Tag DNA RAHE . 5147 (10 pmol L4 0.3 pL.
1.0 pL #itl DNA, ddH,0 #M % 10 pL. PCR /7N
94°C FiZAsPE 5 min; 94°C 784k 30 s, 55°C Bk 30 s,
72°C #EA 30 s, 35 DEHR; 72°C LA 7 min, 373
FEMIZE 8.0%A A5 P 5 D s T P B JiE P, DK i R e R
ol

1.6 EEEM

02428 xmf2 1) F, FEARF FREF PIE 0L . R
BSA kN HERIERET BRI Fy AR R, & HL
10 1E 5 A5 MR R 28 A8 MR Bk 0 0 - 25 TR A FR B
DNA #4830 S 5L b, ) AT 45 35 PRt i ik AT 22
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AR SSR Anic. AT B S AR I IR X 2 A5 1
PRic &7 BAE 5 H AR R 81

Francisxmf2 i Fy FEU ] T 28 R (R0KG 40 5 7 - 7
SR VA B~ S i | DG I N O DR IV £ N G PO N =K )
J# SSR #ric 5 InDel #rnicxf B A4 5E R4 T35 B 0 BT,
FIF gramene IR PR Aff o 5 28 A0 FE R 5 2 2 L AR A
O 1E /K i 3k (R 4H (Nipponbare) b4 B, FHH) F K F5
FE R 41 1 BE (http://rice.plantbiology.msu.edu/) i ZE 15

ﬁio
2 HREQH

2.1 REPE

SRR IR, RABIR mf2 BEFRE KA
KA Z BT — AR, o B 4 R A
R KRR AL, BB 2, HEWRIE . 459080
KOAFRLI TR AR B BN (R 1 RN 1-A),

x1 HEAMRTEm2 TERZHRAE

Table 1 Comparison of main agronomic traits between wild type and mf2 mutant
poon) il PR B R AR HEEL g Thi
Material Heading period Plant height Single plant spike Panicle number Seed-setting 1000-grain
ateria
(d) (cm) weight (g) per plant rate (%) weight (g)
W A= I Wild-type 70.62+0.28 104.60+0.90 27.73+0.76 7.33+0.58 86.49+0.45 21.47+0.18
TEALNK mf2 79.33+2.16" 92.44+1.37" 10.66=1.70" 13.20+0.86" 12.36+1.82" 13.64+0.10""

TSR IERIRAE 0.05 F10.01 K- FEF B,

", ™ indicate significant difference at the 0.05 and 0.01 probability levels, respectively.

— AN IEH W /INE B 1 e BCH g g,
T XA BINAME . 2 MR 6 MU LI 1A
WURE Sk i S, /NEIETRARAT 1 X w4 800 Fn 4 80 ([
1-C, D)o ZEARAA my2 19 R 47 250 R4 200 -5 A R A
TS, (BR/NEM I S5 1 55, RN INIMT
W, B MESKEENEZ . KRR SR
1-E~0), JUHE/NMEN =R 250 UG, T2 B2
2 Z4/NE(E 1-H)A 3 2/ NEE 1-0), HiFZ2/MER
HEES HLIE# B 6 M Aa AN AR BE i di > . X 150 4
mf2 FACGT R, RAARNERAES 14/ ME. 2
a/NME L 3 e/ NMERTEIE S 6.00% . 75.33%7F

18.67% XF mf2 WLAJE WIFFRLiEAT Goit 20 % B/ Nk
RSN W ST S YANNAR & AN I VA A S PANY 3% 71l e
81.56%. 17.49%F1 0.95%, FMHZERAIRE/NIE
HARERIN B0 . VER, LW RFFRL(E 2),
2.2 HAZEWE

A AR (B 3)3& BT IE 5 /INE B N AR FRE 43931
H 3 EM 5 LY R A 3, 1-A). RAK mp2 BA %
FFEREE R, HNAMER Z ARG A &, i B
TEAR AN GE 4 1A = e T — e R A2 k(& 3, 1-B,
C)o MYEE SR EE MMM IR R, HAMEH
H—E R NFHE .

1 REEm2 REFERRE
Fig. 1 Phenotypes of mf2 and the wild type
A: WALV G AR R mf2 (6 )RES AR MR R AL, B: WA )M ARK my2 (F)FFRL; C, D: BFAERIEIME, D 24 C RN AMEEIE
A B~ RAE m2 WiAE, b FL HL IR E. G, I AWFERJERIIEA . Scale bar=100 mm (A); Scale bars = 1 mm (C~J).
A: phenotype of wild type (left) and mf2 (right) individual plant during the filling stage; B: grains of wild type (lower) and mutant m/2 (up-
per); C, D: spikelet of wild-type, D is the C removing the lemma and palea; E-J: spikelets of the mutant mf2, where F, H, and J are E, G, and 1,
respectively removing hulls. Scale bars = 100 mm (A) or 1mm (C-J).
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Fig. 2 Ratio of the floret and grain number per spikelet of mf2
mutant

HLBE LA (I 3-I0) & B, A MBS 1 1 5 W 7
A RE AR, A e f B AR IR R At 2 2

Ao — IR R I/ NE RIS S5 A Ak AR IR 3 . Y
PRI | KR IR MESSRE . MEREIRIE, 6 R
J 3 DA (AL 8 7y )y =Xl G 2 A )AL (11 3, TT-A, B).
GEAF A/ INAE 70 W T 85 5 35 43 A e 300 2 B A e e 365 i
FHEFIHGEL, BH AN R—, HBINIFE R
ey (3, 11-C, D), X7 A 24 e dE S 7
A E LA
23 EESW

AR mf2 4335 02428 Fl Francis 2432, F, T A3
FERRFAIIE R, S AR, Ui m2 MEREs
A5, F, BRI AE A B IR AOFR N P AR R, S
PR ZAR Y, BB B AT A 3 0 1 (R 2), UL mp2
SARMEIRAZ 1 KBRS RS, B4 MF2.

B3 REGm2 REFERNEEREN
Fig.3 Micrographs of wild-type and mf2 spikelets
L BPARUR mf2 FER AR D) R WSS . A BPARU/INEE; B, Coomy2 /MBS 28R 45 H; D: AR AR RERIOR . #i sk FoR e e, 11 4T
HERUR mf2 ARG EE . A, B: BPARIghAE, MERS RSB C, D:omy2 SR, MERR )L B, D P H AN FE R R (R SRR,

I: observation of wild type and mf2 spikelets paraffin sections. A: wild type spikelet; B, C: mf2 spikelets containing hull-like structure; D:
partial enlargement of the vascular bundle, red arrowheads indicate vascular bundles. II: scanning electron micrographs of wild type and mf2
young spikelets. A, B: wild type young spikelets at a time when stamen primordia are emerging; C, D: mf2 young spikelets at the same time of
A and B, asterisk indicates a extra palea primordium in D.

R2 mp2 BREREELSH

Table 2 Genetic analysis of mf2 mutant

HE F &M F, %% Phenotype of F, , ,
N . X G X 0.05
Cross Phenotype of F, IEH E R Wild type  RA5 KA Mutant type &4 Total
02428/mf2 Wy AR Wild type 357 126 483 0.249 3.84
Francis/mf2 A Wild type 1091 321 1412 3.748

24 EEEM

VeI S A TE KRS 12 g fafk Bt 302 %
SSR FRICHT AR 02428 . mf2 P47 250 HT,
e 107 X H 25 SSRARIE, Z28%FN 34.97%,
HE—25 R A B 2 2 8 AR IC Y 1 Fy ir S5 5L

U 22 A PEARIC, 943 ) BB RO AR R R 8 AR
TGy B BRARAS 10 BRI TIRUE, 528k BUARic RM315
5 MF2 #81(E 4-A)

SRtk e FE N T E AR X ], A Francis
mf2 () Fo BRI 24 BRI AR R BARRAE RM315 B3 i
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VR S B R I Z2 A8 SSR FRIC. 45 HFH] RM472.
RM104 5 HARFERGED, A58 5413
A, H2 MRieEANMEAES . Fik, MF2 3R
WA E AT RM472-RM 104 X 6] (K] 4-A).

1 RM472 F1 RM104 X [A] N #1124 InDel.,
SSR #Ric (R 2B MEMFR L T3 3), FIH itk

BRR(321 )il — 24 /INE 7 X ] L fE AR T SSR39108
il InD39210 %A 1| ANEAT, HEAES, I
Nipponbare /%51 (http://ensembl.gramene.org/Tools/
Blast), #nict SSR39108-InD39210 Xif 1 T~ H AHE 45 1
Je ok 39 198 782~39 210 592 bp, ¥y B B 4
102 kb (X1 4-B).

MF2
ACh ] o o I | | _——
I I |
Marker RM315 RM472 RM104
Recombinant (5/24) (3/24)
—— - r”/T//T// — -
I | I | |
Marker RM472  InD38433 InD38713 InD39410 RM104
Recombinant (417321)  (26/321) (11/321)
B —-— o - r/ I I I I; -— .
I | | | !
Marker InD38713 SSR39108 InD39167 InD39210 InD39410
Recombinant (1/321)  (0/321) (1/321)
4 MF2 ERBEHEE N
Fig. 4 Fine mapping of MF2
*3 EN MF2FTgHEISIHET
Table 3 Primer sequence used for MF2 mapping
FRid AR ALY
Marker Forward primer (5'-3") Reverse primer (5'-3")
InD38433 AGGAGAAGCTCCCAGTCGTT AATCCAAGTATCCCTTGCAAAC
InD38713 AACAGCAACGGTAACTTTCACA ACGCTTAGGAAGCTATGAGGTG
SSR39108 CATGTCTTGCAAGCTAACCAAA CTATATATGCCACGACGAGCAG
InD39167 GCAAGTAAACCAACCACACGTA CCATCCATCAATCCGAACTACT
InD39210 TTTAAGGGGTTTCTAGCTGCTG ATAGCTTTGGACCTGTTTTGGA
InD39410 TGAACTCAGGCCCAGTTTAGTT TTGAGCCTCCAGTAGTTCCTTC

H¥E Rice Genome Annotation Project (http:/rice.
plantbiology.msu.edu/index.shtml)$ {4t () 3 [K 73 B 15
B 78 BB IR FTAERY 102 kb &7 X 18] N3 104
T EE R (% 4) . Hp 0s01g67430 JNENIEEIEH, %
S BRI ¥ sCke, B) EGI (EXTRA GLUME 1), %
IR EmEEN, 0s01g67410 /& AP2/EREBP #;
ST, HRTE B EZA AP2 WRBEIEN, 7ERE
WA ENE . A EEEMF LT FERHE
FEEMEACY, HIWAHIOK EGI (0s01g67430)
1 Os01g67410 1ERHI A Bf5 I HE A

3 itig

FEH TR 25 i T 4 20 A AR R A I 3
TEATARKN B, 8T EHS 5% FEHER
BES. BANAS ., E5R0HE W18 5 B L
HroFEE H, FONI WEEL S EHL KN, FONI 3

o Ar S HIE A g R, R RIS T
I E M Z, EAH AL A DL ROE B Fe 45
FTE R FONT iR REVA 5 T 52 s A i 4 0.
FON2 #1645y A A8 PR <rdE R v fb, oAbl
SHAE R ALK, HAES TR EE L, FON4
5 FON2 ERRl—3EH" FON3 5878 R AE /3 4
TEANFE RS JE st B3 K, SERH /N EN
B RFCY, Fon(t)1r i35 JF I LB LR ] T 40 4F
HLU SR P ARG b RS B AR R mf2 Wi
I IEHESECEL, B KN —, AT H A R
FRIE A, BN AR AR B A AR A AU SR Sl AR
WEHAS,

AWK MF2 EALAES 1 Y@k ibsid
SSR39108 F1 InD39210 Z [f], 5 il MF1 3
FEART e ik BB, @ X )y 24N T RE A 3 A,
Hrp 0s01g67410 3 AP2/EREBP ¥ 5% [F 3L, 78
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Table 4 Candidate genes of MF2 mapped region

Gene ID Location Description
Os01g67364  39114681-39117532  Ty3-gypsy %% k4% 8T8 1 Retrotransposon protein, putative, Ty3-gypsy subclass, expressed

POEI32-Pollen Ole-e-I allergen and extensin family protein precursor, expressed

AP2/EREBP # 5 [HF AP2/EREBP transcription factor BABY BOOM, putative, expressed

¥ T 1 Transposon protein, putative, unclassified, expressed

Os01g67370  39129736-39134858 ik Expressed protein

Os01g67380  39136361-39136861  FKikZH [ Expressed protein

Os01g67390  39136937-39139380  {EH) Ole-e-1 A5 N JFURIY™ J&& 2K 11 Z R 1 28 11 i {4
Os01g67400  39140444-39140762  {REH 1 Hypothetical protein

Os01g67410  39141130-39145479

Os01g67420 39158153-39165729  Jiglifi Lipase, putative, expressed

Os01g67430 39177169-39178676  Jiglifi Lipase, putative, expressed

0s01g67440  39179769-39180065

Os01g67450  39195689-39196972 EWif Lipase, putative, expressed

WY& B PR EEEEER, LmEEERE N R
H, mibke Y, A baa A EE A YA 5
BRI IRIIR Y AP2 HERUE AP2 WP B,
J& T“ABCDE”fbas B AL b i) A 2R5E[H, fEIR¥E AL
SEAAENE . AR T AT FHAE
FAERPY, Z IR R o B — 2 iR
P, EOK IDST IERUZEPIRG ST AP2 (W [RIJEIE A,
P /NEEO A VR o ddsT RABIAR/INEAY RS
Wt B, GANETE T Z2AMEPY S K
SNB F:H[EFEJE T AP2 Wk, P /NE A48
ML) R AE R TR B, SNB 55—
A~ AP2-LIKE % [K OsIDS1 W) 42 il 48 7 45 70 F 4L 43
AN, 0sAP2-1 FERE T AP2 W%, %%
S AR T O N = 2 | O e
AN NIRRT, R ERNBS 58T
fERENY ) IkAh, Os01g67430 3L EY EGI C.9EE 7
Wi, EGI W RAE A S EE, HRE S
725 F JE 2k DL B E AR R, PR R AR gR e T
NG 7 TR DR 5 2 R ) A A 4 ) i D s PR T
PRI IF o 5 2 v B (R A 2 IR (41223 1690) H- AN 5 i)
A E A B, RWH KR P A ek .
EGI ARSI iEE, 25 JA WAEYEL, #
IR T RABHE Y T — A8 G/ NER: B R L
Zhang ZEPOSZIGTEN], EGI W] LLE o — A R AR
I B £ A Mg 7 TR 3 A2 (5 0 R A6 7 R v ) 3
PR e 4 3Rk, 1T 2 2 AR AR AL 250 B 1A R 0 12k DA WL X6
TR B 8, X XAHZ R AR B & T AL A
TR

RAE mf2 WS E R B ZBEHwm, L&

REMEE R BRI, KRR LR
SRR NFEAL, SR HAE 73 A 24 2 0 i M DL R AR
wE BRI Z R, BARILRAY EGI RAE
RIIERS B R OMA M AEEZE S . m2 RIHAE
HIAMER | AR e e, RPHLERARK
WZF = EEI, 1 EG] RANK egl-1 F egl-2 W
FEA KN R HE AL P BB FEAZ T A
FFaE RN, AR m2 SEPAERI) Os01g67430/
EGI R 0s01g67410 FER B4t X L K& 5'UTR
HBA K BB 7 S e AR, 5 i — 20X 2 Mg
PR % 5 A7 DX 0] PN 1 At 35 PRI 36 A 7 2 528 0 T DA R
Loatios

4 g

IKFEGEARNR mf2 178 35 A K A B A K AR A7 3
S, AR E KRB Z G, e RS
AR EHHEN DR, WA K. MR M
B, ZHRUNENH 2~3 FBUNME. TEARE IS
FEL AR I I AL B R o ARk CL T B mf2
ZRAR AR A 7 PR A IR R R, % 3R R e T
W51 Qe K FRIC SSR39108 Fl InD39210 Z JH], X
[E] R /N2 102 kb,
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