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ELIE KR
A F 7 (Ficus carica L.; 2n = 2x = 26) (Z-Y7 (Rosales) HZ U#} (Moraceae) DA
FUrEE LTHIEENS (Angiosperm Phylogeny Group, 2009) A% EERM TH D, 7
TR OO EdA F V7 BIZJE LT\ 5 A (Datwyler and Weiblen, 2004), o 3
TXZEDA F I BOPTEERFEDO—DTHD, A FVVIIET VTR DIEFHE
RBEtcho, FEEFET 787 (Condit, 1947; Zukovskij, 1950; Storey, 1975) & 5\ i
WAL FOIRMAETE PLaRe,f T2 aghPlREBEMATINTWNSD
(Khoshbakht and Hammer, 2006), iTAHOMFFETIX, X ARRITALET 55 11,400 4
ATOEBI N D HAERMEZ AT 2MOERERLINTZZ LD, 4 F V7 B FEH O
BeRE oD Z ENTREE TS (Kislev et al., 2006), FAO OH#EEfE (FAO, 2012) |
L% L 2012 FEOWMPRDOA F U7 EFERIT 109 7 UL EH Y, FFEEMIZT O PG
o Mva, mUT N, TAY T ERLIZL FHE S TWD
HASNDOEANZOWTIE, JFEMNSFHELREEZR TR LT 50 E, LK
RO KFEMIZANL EH VAL > TRIFICEBZ DN ET A H 5 (45,
1951; {3, 2000), HRANZEASNT=A F V71 EEM (Kv74v) B4 fEk
', AARE )ThbHEEINnD(FH, 1951; i, 1983), 1868 4E (MAAILAE) (ZIXiE
A FT7 4 FENEANSNIZGERNH D0 (T, 1884), HARDA F 27 FEF BRI
W LT=DlE, IREROPHNIRERE N T AV A1, AV 74 V=7 06 ‘P K—7
€47 mFFLIRo7- 19084 (BINE 414) DB Th 5, k% P F—7 1 07 Ofkss
EAR IR 2 PR R L, BEF 50 FFRUICIZENT =7 @D 80%LL L& 5128 > T2 (it
Y, 1993), Tk, THFEET PHHER—T7 02 & EEM OB TR LHE
Thv (B - Fhf, 2005 BB, 2012), &, Foakl, Kbk, &, K5, f@ixzH
b&bt@ﬁﬁ@%%?%ﬁéﬂ?%to:ﬂ%Zo@%@ﬁ%%ﬁﬁ%<§W?%é
, FEHEEAME < WE VL e EEVBE ISR AN S (RS, 1997), o b OEA
A FE S BB IR H D, BFEHEIEE > Ty (55 - 3848, 2005),
ERURTIA TV 7 OFRE, BREESCHAEEAOHNLORKEENHLTH T,
20 HALLAREEIZT A U I OMEE HIZL > CALEBZ W RZMEEEN TOND L9
272 > 7= (Storey, 1975), 4WFDFFEH Th - 7= Condit (1883-1981) i% 300 LA b D AZHL & 4T
VY, #RFF 30,000 L EDOFEAZEHLTEY, ZAL0FNbREMfE ‘2 K77 2
BRI TND, BARTIE, 1921 FEIZRRGEE BERE SRR O ) KN ZHER I
E0 RWI ZBERLIZORNEYTH D (M, 1983), T O®HENICKIT 5 RHEBERIC
LA MFEEHIL 70 UL EwE S oo, TR (1997) 1T FEE R OB E(LE B E L
, BHEERREFREOMAEEELT S & LB, BREToRKEbICL D%
FshsRom R OREESFEOBEERE OBBHERCOWTERFTZMA 72, Zid O
RHRIZHEASWT, @b TIx 2000 412 MEESRE GEA S, 1998) @, 2006 4 ‘&
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EHSOOW’ (B - FEAE, 2005) OFRICHKPI LT, KT & XLADOOD X, TDH%k
A RE CHERESE, 2O ORUBITHEANA « EANICEN T bR LML 23 7]
RRThHDHILEW LN LT, 2015 FHIE, EEREZP.OLLETIEEOBIREICBNT
A F V7 BREOMEA LI AN T T\ (EEF, 2005),

—HT, AFVI7BEROEMMIBODTIEIRIENLS ONOBERH 5, FlxI1X, KAAKRME
W) KR Co D7, FAERED O REREFME CICHFELET L2 L, HiEkd
720 O EAEENRKE TBERMIICARZBESHELZET 52 &8, FRRINOE
ICEREEHED D Z L ENEEE LT\ D,

2000 FELARED DNA 2 — 7 @ 0 ZEIR ORI 2T R ITHEY, 7 AEREFIA L TE
NENDERDOFF ST E R A AR TR CHRT 2 i, 772005 DNA ~— 7 —% ik
ft7 (Marker Assisted Selection: MAS) 723k % Z2{F CEML SN >2oH 5, MAS TiE, H
WITEL D F BBUGEAM 2 B M U723 IR & 72 B, ORI, fEEEMFETICRERE
Bt A ETE D 20D, BICHEE TICEA 2832 BB TR IIE 23 FR
TEW, Bl z1X, Terakami ©(2006, 2007)1%, =74+ v ORBEFCRIDEOMKPIMEE 72
IXEAZ VRIS HEH 9D DNA ~— I —Z5E L, WERPIEICET 2 MAS ZalfRic LT,
Kanzaki © (2000, 2001)i%, H¥#:MEAZ R T 2851 LE#HT L2 ~— D —% & L, DNA
~—N—ERAWEEET X EIEEEHTXOHBERRRIC L2, A F V7 OBFRICBW
TH MAS OEANREHTHD EBZ O, TODIZITHRAFEISEET S DNA ~—
—DRRNEHETH D,

UEDOBRENOARFETIE, ATV 7OFMED D WVITAFEDOGEICE W TEEEN G
WEEZ LN RFENE, ARBMOSE, B - B RMEEOREICRE T 5 FHEPE
EEBSEHT D DNA ~— D — OB O, T O L 7 2B A - HHR B L O 1
BIEFHRMAEZSD 2 L 2R T,

H2ETIIRMA Y~ o —2FH LT, 7V 7 ¢ JREL il (TERH)
DRED T A7 VT N —LT 24T, RIZTIHELL TV LB ORYIIE#RZ #EE
BN HS U CREME DORMALIZ B0 5 0 FIERIEE 2 BT 5 & & bie, AR EO
& 7R o TN D MEREME S KOV 2 i SRk & B 9~ 2 FEBLBIR T2 DWW TEE LT,

53T TIL, EEMD IZBITDIEMRFNVE CEBET (FTERT) RER 7 O %8
UTC, A4 F V7 OEEMICELS Bb 2 1EF (R3) O b O iR 2 27z,



F2E, ARRNRARIATFOIRED NIV RI Y T b — LRI
— XV 74 TREEEEBEDLEK—

21 R

A F V7 ITHEVEm MR (B RERUMEKESRR) O TH Y, MEEDREDFEICHES
WCAHT V7 4 7REE 7 4y TREICHEESND, L EHEINDHMRERIEDO 7Y 7 4
JREICIE, HEE & MEE (EAEREIE) DFEET D0Y, 74 v FHIITMEE (RIEHAE) Oi
#1£9 % (Beck and Load, 1988; Dellaporta and Calderon-Urrea 1993; Stover et al., 2007).
T4y TROAF T IE ITEOERR, A, o N, BXOEEIC S
I TnWb, AINHREIT LRSI 2HRE AR, VX RFafEiT 14
ROBBAEERL, TmfET 1 RS IO 2 MR L HICHAERT 5 (Storey, 1975)
(Fig. 2-1.a), A FV7IFT T, A7V 74 7, AINTHE, o X FofEE oo
WREOWT IO ERBRREIC P EIND,

AEDOMERE & B2 RACRIE T 2 KRB O /LI — BB OERE Y 2T 5k L OYER
DIER LTROWBEIRD D D, MEREMIAERS L & HEEIES L L Do iZA F V7 LA F V7 an
F (Blastphaga) & O HARIR & BRAEE L TW5, £70, BEARKREOHBITIAF V7D
HEALZFREL T HOHEETHY, A F V713 MBRIICHEAL LI TH D L HEE
ST 5 (Kislev etal., 2006),

AFTIIEAERE, FIZ7 4y THEOREIIRFENME RS D, (1 F 27 ZITM
K DI ORI (E 72 1ZBAER) OB\ O/NEEZNED L TS, ATREIZIERE & /INME
THY, TICHERE @B FU7) ELTHESNDIED, MTRESCEMEIL L
THHE SN TWD, A F U IEIRX TNV EMMEOGHEN S, b liE CHEM
DEVMRFERE L B2 S TW5 (Vinson et al., 2005), UL DHFFETIZA F V7 DREIC
BENDVT =V -3-T L) SN ay REOT U N T = VEIIEIRBIL N B0,
MO b2 B CAlREMED B 5 & A STV 5 (Solomon et al., 2006; Duenas et al.,
2008), A FU 7 REOKBERITZ V<~ TV v 7B THY (Watkins, 2002), flid 2 U
~ 77V 7 RRFELFERICTF L oA RROETEZ B 5 (Owino et al., 2006), 1 F
7 REITRR B OB BIRNC ARG E A D D Z L, INLHERT & IHE# 0D
REOWEEHIIEERMETH D,

ZDEICA TV TIIFHCRRICEE L TREEH D WVITRE EOFHRE < OFF
WMEAL TS, LNLARRS, A F V7128 5HMMRER S FERIZBESNTEY,
RERER D NCRENE OEHEZ 2T BNy ST HoicitiZ s vy, 4 FEO
ARBIORMTIE, BERR T OHEERR L2 WH T 7 ¢ ZFESHERERNCE B & e b K&
<HEY, o _XRafEEAINTHEEIH T 7 4 7FE L HHEOFHRIEL TV
(Fig. 2-1a.), L7223»> T, HARE LWL T Y 7 ¢ 7L E@fEo REICBIT 5 Eis
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a Male + Female Female
A

Non-parthenocarpy] ~ Caprifig type Smyrna type

ls San Pedro type —

Parthenocarpy Common type

i ————— i ——

Fig. 2-1. Diagrammatic representation of gynodioecious fig (Ficus carica L.) fruit-type
differentiation and analyzed fruits. a Fig taxonomy matrix based on
parthenocarpy and sex traits. The thick double-headed arrow indicates the
comparison undertaken in this study. The dotted double-headed arrow indicates
the parthenocarpy range of caprifig type. b Left: Caprifig 6085 first crop (caprifig
type), right: Houraishi second crop (common type). The maturity stage of the

displayed fruits was between periods II and IIl. Bar=2 cm



FREOLBICE Y, A F V7 REABICHET L2BEFREAOKRENRT 2N b5 S
NAEF TR, AREGLICEET 2REOBLEEKNOMIICLD72R3 5 L HfFEh b,

ARETIX, T4 T Y7 ORFNE B LOREEFOBR PRI M T 70 T ®
ET D 120 DOMFRAI PO KRB 2B IMNERD 7 77 — X 557201, 454 ~A 1y
— T RAERNTCH T T4 TFREE@ED N T A7 Y T h— MR 21T o T2, 454 /3
ARy =7 RO H — 7 TR - T Ty b T — AT, BESIERO ERMEE
N, BEVEBSIESRNSEOND Z Ene, 7 Ko (Vitis vinifera L) (Bellin et al., 2009),
4 Y —7 (Olea europaea L.) (Alagna et al., 2009), 7 U (Castanea crenata) (Barakat et
al.,, 2009) }3 L Ok g =< A (Cicer arietinum L.) (Garg etal., 2011) 72 EDOIEET VALY
O de novo fiRHT CEICHEA SN TS, BENE b TV AT VT h—bE T 5 L
WZ&Y, 4 F 27 REOERRGEDILE L 7> T DIEDOMEF L O A5 R M4 Rl L
TV D KRB AR T DR & 52 72

22 MEB LOHE
22.1. MBI AEBSMH

T A7 )T = AT OO, i 15 40 ‘caprifige085’ (7 7'V 7 ¢ JFE,
P Bk T N—1113491) &, Mt 24 £ ESEM (FETE) ORFEELMLH L,
‘caprifig6085” 1%, 20 ffLHEEIZ AARENICEAINZBBER TH DL, TOREDIZ
EACITHAREEET, HARKRT IREOHGILE 1 IR TITHN 10%, 5 2 MR TIX
IFE 0% TH5 (Awamura et al., 1996), &M 1ZAEEMENE L, FLHAARTRD W
REVMFETH S (Ikegami et al., 2009a), [ 5bFE T IE 12 1B EMOKPES R RS (©<
) KRt X, @R EMARER GRS SRS TR ITERSh 0D b
DTHD, FEHTHIZEIL 2009 435 LN 2010 4Rz, BT 7 4 ZFEO FEITH 1R %,
AR ORI 2 IR AR L2, @, A F VI REOREAT—V1F, EEIAX
DEABIZEESNT 3OOHIMIC I N D, BADOB MBS, i L ORAMEN
[l (RT7—=2 1), Z0#HkHEVEMOROEIEHHE (X7 -2 1), BXO 2 EHD
AREHE (AF—YI) ThoH, AT — M TITHMIESHEIE LA & ABLOZE3 B 5
1% (Chessa, 1997; Owino et al., 2006), AWFFE TILRBURIRIZH 2 BI5 T RELT — % %
Bolw, Bl RERRE LT LV UEANRRIT 2 A7 — Y MO T RIBRIC R E 2 I
Lice BTV 7 4 7FEEB KO BFED SULHE L% 2O RELZEEIZAT A AL, KK
EHEE O TR L-%, -80C THRIF LT,

22.2. WK —27 = REHT
BAERAE LT REARAEZ T CHEVIEL, Fruit-mate (TakaraBio) & &4 L, RNeasy
MaxiKit (Qiagen) % Al \> T total RNA % #ifi ff L 7= (lkegami et al., 2009b) , X IZ
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MicroPoly(A)Puristkit (Ambion) % FV T total RNA 2>5 poly(A)-RNA Z 8L L 7~, cDNA
DERE TAT TV —0OFH%I21%, cDNA Synthesis System kit (Roche), random primers

(Roche), GS FLX Titanium Rapid Library Preparation kit (Roche) #fEHL, v —47 2 &
(Z1% GS FLXTitanium Sequencer (Roche) #f{#H L 7=,

223. denovo7EV7Y

Habu et al. (2012) OJFIEIZHEN, =7 A « U — ROFLEB L O T v 7 V%
iTolee £, 454 A vy —F U ALV LAERST — &6 BifliEds1] [poly(A)]
% Seqclean ~ 7 k7 = 7 (http://compbio. dfci.harvard.edu/tgi/software/) (2 &> THLY By
7=. WRIZ, T —# % RepBase (Jurka et al., 2005) & (2 RepeatMasker (Smit et al., 1996~
2010) (http://www. repeatmasker.org) ZHWTI AT 7 U ERETOND L H TR
L7, A7 LY —RTF—%1% Perl 227 V7 N2 HWTLLF OB ZIT 572, T 70D
H, (1) EWEHEKRO~ 27, ) Wmo~ A7 HEikokRE, (3)10 HIERMO U — Ro
HIER, (4)~A 278 %E 30%LL EEATZY — FOHIRTH S, BAIOT 7 Uik MIRA
v3.02 #EH L7z, 72k, /NT7 A —X—3%EIT lde novo, accurate, EST, 454), 3 7¢b
BV — N 40bp, fe/MECHIEAE 400p, EAEMEIKO R —MEOH/IME 95% & L7,

224. BINT )T —¥a v O

TeUTALEVEL N T 4 Ty TV R L, NCBI OIETLESY VX E T —
X ~_— 25 % TAIR10 (Arabidopsis information resource protein database) D15 # 2% L,
BLASTX 70 7' T A 2224+ %L CT /T —va v &itole, 7/ 7—v a0l
ThD EfEIX le-5 1e-10 HDH T 1e-100 & L, DR T7 A= —3&TT 7 4L MA
(Altschul etal., 1990) % 7z, 727U Liza=U— SIS 51 Blast2GO > —
/v (http://www.blast2go.com/b2ghome ) % A V> THEHEE R Gene Ontology (GO) (Ash,,
2000) k27T /T —varaitol, VY THR GO ¥ — A% CateGOrizer (Hu et
al., 2008) (2 L% GO slims (http://www.geneontology.org/GO.slims.shtml) (Z £S5\ T4 ¥E
Lice W7V 74 7L EEMEORIZETEIRL TV DHEIZFD GO A DI,
Fisher's Exact Test(R 7’1 277 L) 2 X 0 32 L7z, EC %513 KEGG ENZYME & UniProt
ENZYME M6 HUf L7z, &==—>1® ORF % ESTScan (Iseli et al., 1999) TTH#IL,
fitg=a R &fkiba N2 &t & FRIS 72 ORF 2 2 RES| OF4 & Lz,

2.25. RERRICED > RERERE LOBIRFORE

v X TR FOEEfEs = EL, NTUAZ YT N—ATNOELN =
U=ty FERBET—Z =2 L LTHY, GENETYX (Genetyx) ®w—7/L BLAST
avy RERAWTZF LY, HBLXOT vV F 7 = A b 58 T2 FE LT,
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Table 2-1.

Sequence of the primers used in the type-specific RT-PCR studies

Detected type  |Gene abbreviation TAIR10 description Sequence (5' to 3') sFirzzg(':)\;] t Tm (°C)
. . " . . forward |CGCTTGGGGTAAGCAATGCGATCATACGGA
caprifig PL Pectin lyase-like superfamily protein reverse |ACGTCTCGGATTAGGGCATTGGTGACGAAG 9% 68
caprifig MFS-1 Major facilitator superfamily protein forward |CTGCTGACGCTCTTCACCTCATCCCTCTAC 84 68
reverse  |GCCGAAGACCCTAGTGATTGTGGAAGCGAA
caprifig AT HXXXD-type acyl-transferase family protein forward |AAACACATGGCTGCGGCTTCCAAGGAAGTG 177 68
reverse [TTCTTGCAAATCCGCGTCGGCTGCCCTATC
caprifig PE Plant invertase/pectin methylesterase inhibitor superfamily forward |TCGGCTTCTAGGAGAGACAGCGATCGGAAA 92 68
reverse  [CCTTGGTCTGCAAAGCCATGAGCTTCCTGT
caprifig bHLH basic helix-loop-helix (0HLH) DNA-binding superfamily protein forward |CCGGAGGAACGAAGAGAAAGCGAGACCA 117 68
reverse  |CCCTTTCTGCCAAGCTGTGGTTGTCAGT
. i forward |GGAAGAACTCCTGGCAAGATGGAGTGCTTG
ifi K K lar 1 117
canrtig SKUS SKUS simiar 13 reverse | ATGGCGGTTGTGGGGTAGTAGATGTAGCTC &8
. P . " forward |GTGATGGCTGTGAGCTCAAGGTCAA
ifi HMT Hi | if fi 11
caprifig eavy metal transport/detoxification superfamily protein everse |GTTTO0CT COACATACCCTGTCACT 6 68
. " - forward |[TGTGCCAAGAGTATCGACAGCTCCGAAACC
caprifig PCR11 Plant cadmium resistance 11 reverse _TTCTOCCTTOCTACG T TCCATGCCARCET 79 68
. _ . " " forward |AAACTGGTGCTACTGAAGACGAAGCACGCC
caprifig TPC Terpenoid cyclases/Protein prenyltransferases superfamily protein everse | TGTTCCCGAGAAGGCAGAATITTCAGTGRG 110 68
. " " . . forward |AGGACCCAACAGAAGGCTCTTGCCATTC
caprifig GR Gibberellin-regulated family protein everse _|CGTCOCACATGETCTCTTGOACACGTTC 106 68
common fig MFS-2 Major facilitator superfamily protein forward |CACGACCTGGATGAACACGGCGGTTCTCGT 8 68
reverse  [CTTTCAGAATCCCCGAGACCGGGCCTCTGT
common fig pP2C Highly ABA-induced PP2C gene 1 forward | TGTGGGGATTGTAGAGCGGTCATGTCAAGG 115 68
reverse [CAGTTAACAACCCTTCCACCAGCAGCTTCA
common fig PARL PARL protein forward |GCCGACAAATTGAACGACGTCATCGAAACC 8 68
reverse  [CGAAGAGATTCCGAGAGTTTTGCGGTCAAG
common fig RTE1 Retrotransposon-like element 1 forward |GCCCTTTGGTTTAACTAACGCCCCTGCTAC 133 68
reverse  [ATGATCTGCAAGAGTCGGGCTGTACACAAC
N . . N forward |[TACAGGAGCACTTGGCCGAATCTAGTCAGT
fi P1 P1- 1 12
commen g co COPI-interactive protein reverse | TCTATTCGAGCCGATGTCTCAGTCCCATGT 3 o8
N N 5 . " forward |GTTGGAAGATGATCCCCTTGAAGTCC
fi NBS-LRR Di -NBS-LRR cl f: 170
common fig S- isease resistance protein (CC-NBS- class) family reverse |CTGTTATCAGTGACCGCAGTCTACTC 0 68
N " forward |GTATGCCGCTAGATATGTTCGGGGACTCCA
common fig i Beta-xylosidase 1 reverse |GCCGTGTAGTGTTTGCAACAAGCAGCAATC 87 68
N N " " forward |AGGCACTGGGGTTTCTTTGAAGGCCCTTAC
common fig PR Pathogenesis-related family protein reverse | AACAAGGTCACCAGTAGGAGCATGGCCTTT 60 68

Table 2-2. Sequence of the primers used in the MADS-related RT-PCR studies

, , Fragment o
Gene Sequence (5' to 3) size (bp) Tm (C)
CHS forward |ACTCAAGGAGAAATTCAAGCGAATGTGTGA 136 68
reverse |GTCTTGTCTCGCGTCCAATGAAGGTGCCAT
AP1 forward |CTTGCATGGAGAAGATACTGGAACGCTATG 130 68
reverse |GTGAGTCTAGAATACTCCACGGTCCAGTTC
AP? forward |AGCAGGAGATAATGGGAGGCGTGGCTT 172 68
reverse |[CGGCTCTTCTTTAACGGCGCCTGAGAC
AP3 forward |TCGCGAACGCAAGTACAAGGTGTTGTC 138 68
reverse |CCAGGACCCTCAACTAACCCGTAGTCTG
PI-1 forward |ATGGGACGCCAAGCATGAAAACCTCA 139 68
reverse |CTCTAGAACCATGAGCTCTCTGTGGCTCAA
Pl-2 forward |GCTGAGGCACATGAAAGGGCAGGAA 108 68
reverse |CCGCCTTGCATTTCCATCAACTCATGAGTG
AG forward |ACCAGCTTCTCCGAGCAAAGATAGCTGA 190 68
reverse |ACTAATTGGAGGGCCATGGGATCTTGGTG
STK forward |CCTCTGTGATGCTGAAGTTGCTCTCA 105 68
reverse |GCCTTCTTGTACCTGTCTATAGTTGACC
SEP3 forward |TTCTGCAAGGGAGGCGTTGGAACTGAGTAG 209 68
reverse |GCTGATCAAGCATTGTCTGGGTCCGTGTTG
AGL6 forward |GCTTACGAGCTCTCTGTCTTATGCGATGCT 184 68
reverse |GGACTAAGTCCTGGGCTTGATCATCTCCAA
Actin forward |GCTGGTCGTGATCTCACTGAC 218 68
reverse |TCAGCACCGATTGTGATGACC




2.2.6. RT-PCR f&#T

Fruit-mate (TakaraBio) & RNeasy Plant Mini Kit (Qiagen) Zf#H L CAT—Y 1B &
QI DA F 7 FFEN D total RNA & fliH L, DNase | ZL¥E (TakaraBio) #1T7->7-, 80ng
@ total RNA 7> 5 RT-PCR i D858 L 72 5 cDNA #5579 % 72812, SuperScriptlll First-
Strand Synthesis System (Life Technologies) % v 7z, PCR (% 0.25U @™ AmpliTaq Gold
DNA polymerase (Applied Biosystems), 0.5uM @77 A <—, 2.0mM @ dNTPs, XN
1n 1 O c DNA 2512 12.5u1 @ 1xPCR /v 7 7 —TfF -7, PCR &A%, 94°C 24y
ff) D%, 94°C(17%57), 68°C(27%43), 72°C243) % 38~40% A 7 v, 72°C(T43) L L=, &
IBFHRERNT T A ~—I3, B L 2ESIESICE SV T GENETYX Tkt L7z (Table 2-
1., Table 2-2.), FE carica ® B-7 7 F U igis1 (CBE&E 5 : AY487315.1) Z#N{fE=a b —
e Lz,

23 FER
231, VIV ART—EDOTRVTY L HREMAR

=T ADRER, BTV T ¢ JFERIERRD 165,442 ) — R & EEfERTE 125,152 Y
— RDFF 290,594 U — R\ 547 (Table 2-3.) (DRA000630, FX376975-FX394131), V
— ROEILE <, ¥4 300bp LLETHY, QVAO+EIX 94 L ETH 7=, RILEREZD Y —
FHUE 270,268 ThHhot-, THbEAERAMLICTRCTIVL, BTV 7 4 7RI
62,420 D=V — (v T 47 17454 L 70 b 44,966), Hi@EfE)DIE 49,491
Da=P—2 (arT 47 127711 L 70 b 36,720) 2157, RICHEERERID ) —
REMAEETCT T VL, 19166 DL T /L 52289 O )b bbb
=V— 71455 %1%7= (Fig. 2-2., Table 2-3.), DAREOfENTCIX, fAE Y — R THLN
Tra=v—rty e L,

BLASTX, GO # —AB LN EC BHBHD 3 DDNRTA—F—ZfH L Ta=— 0 Dk
BT /) T—Yar&itolz, 2=V —20 BLAST Db v hRiT E fHl<le-5 T
nrNCBI & TAIR10 TEHLF4L 60.6% & 57.8%TH Y, ECESICHTHE v FRIT 12.7%
Thol-, EW¥nviafe (biological process), LAk (cellular component) 35 & Uy 7%
fiE (molecular function) IZEIV & T Hi 7z GO slim Z — 2L DEIEIL, 2=V —rDFNTE
AL 34.9%, 30.4%FB LT 383N ThH o7z, EMFHIEE~T /) T—varyInica=y—
E, RS 15.09%, AGKIC 5.96%% (58, 5%IIiH7-7eVy GO BT 2 U BNAERDIEIF
YT < D, 32.82% N I N/ o 72 (Fig.2-3) ., T OFERIZA F¥ 7 BREITE W
T, R RBRICEDDIREREETB L OE L OBERTER TR BELTWHIZ L%
AL TS, 2= =D 465%207< &b 120 GO slim # —A03%|10 5 ThHA,
ERD 6L.7%IZ 7= % 44,070 D= — 1T BLAST, GO Z—AF /T ECEHESZONTY
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Table 2-3. Summary of de novo assembly results of 454-pyrosequencing data from

gynodioecious fig (Ficus carica L.) fruits: caprifig and common fig

Parameter Lype

Caprifig Common fig Total
Sex Hermaphroditic Female -
Total Reads’ n 165,442 125,152 290,594
Low-Quality Reads” 10,051 10.275 20,326
High-Quality Reads” 155,391 114,877 270,268
LQR/HQR* % 6.1 8.2 7.0
N50° bp 357 420 378
Average length’ bp 300.6 304.1 302.1
QV40+® % 94.59 94 .68 94.63
Singletonsh n 44,966 36,720 52.289
Contigsi (Average lengthj) n (bp) 17,454 (638) 12,771 (653) 19,166 (681)
Unigenesk (Average lengthl) n(bp) 62420 (384) 49,491 (357) 71,455 (363)

*Total number of reads separated for each tissue sample "Number of low-quality reads (more than

30 % of the masked regions which consisted of the low QV bases or repeat sequences) removed

°Number of high-quality reads YLQR/HQR=low-quality reads/high-quality reads ¢Length of equal

or longer contigs produces half of all bases fAverage length of high-quality reads in basepair

9percentage of QV40+ bases "Number of singletons 'Number of contigs 'Average length of

contigs in basepair “Number of unigenes |Average length of unigenes in basepair

Table 2-4. Annotation information of the unigene set from gynodioe- cious fig (Ficus carica

L.) fruits: caprifig and common fig

Annotation tool

Value

GeneBank BLASTX (E-value < 1e”)
GeneBank BLASTX (E-value < 1e™%
GeneBank BLASTX (E-value < 1%
TAIR10 BLASTX (E-value < 1e?)
TAIR10 BLASTx (E-value < 1™

TAIR10 BLASTX (E-value < 1%

GO Term-associated (Biological Process)
GO Term-associated (Cellular Component)
GO Term-associated (Molecular Function)

43,312 (60.6%)
38,325 (53.6%)
3,552 (5.0%)
41,168 (57.8%)
35,680 (49.9%)
2,905 (4.1%)
24,921 (34.9%)

21,692 (30.4%)
27,332 (38.3%)

GO Term-associated total 33,244 (46.5%)
EC number-associated 9,076 (12.7%)
Unigenes with annotation 44,070 (61.7%)
Predicted ORFs 38,303 (53.6%)
Candidates of full-length 411 (0.6%)
Total number of unigenes 71,455 (100.0%)




Commonfigreads

125,152

Processed

Commonfigreads

114,877

Assembled

A

Commonfig

A\ 4

Caprifigreads Total reads
165,442 290,594
Processed
Caprifig reads | Totalreads |
155,391 | 270,268 |
Assembled Assembled
—— GO statistical
Caprifigunigenes |  comparison
62,420 )

Total unigenes
71,455
Contigs 19,166

Singletons 52,289

Annotated

Unigenes

44,050

unigenes
49,491

Caprifig-specificunigenes
Contigs 4,844
Singletons 44,966

Commonfig-specific
Contigs 2,260
Singletons 36,720

\ RT-PCR /

Fig. 2-2. Strategy for the assembly and identification of type-specific transcripts in
gynodioecious fig (Ficus carica L.) fruits. We first generated 290,594 total reads,
with 165,442 from the caprifig and 125,152 from the common type using
pyrosequencing. After pre- processing and assembly, we obtained a total of 270,268
reads and 71,455 unigenes with 19,166 contigs, and 52,289 singletons. We also
assembled these pre-processed reads for each type and obtained 62,420 unigenes
for caprifig and 49,491 unigenes for the common type. A statistical comparison of
GO term distributions was conducted between each type’s unigene set. Functional

annotations and extractions of type-specific expressed genes were performed using

the total unigene set.
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biological process
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32.82% \

biosynthesis :
5.96%

nucleobase,

nucleoside, nucleotide
and nucleic acid

metabolism : 4.20%

. . transport : 3.57%
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others : 8.76% cell organization
and biogenesis :
DNA bolism : gian
n;.e(t):%o I3m N\ protein metabol.ism :2.45%
ion transport : 1.11% reproduction : 2.13%
2 K .x response to stress : 2.04%
;tg’:a:‘;ra::d::t!inz.si/.ﬂ%/' organelle organization
p_ 8 e. ‘. ", °. and biogenesis : 1.93%
protein modification catabolism : 1.91%
£1.45% lipid metabolism : 1.71%
cell communication carbohydrate metabolism response to abiotic & s
:1.50% :1.56% stimulus : 1.61%
cell: 22.25 %
cellular component
unclassified : 24.51 %
Cellular Component
others : 8.94 %
thylakoid: 1.07% intracellular :
chromosome :1.19% 19.93 %
cytoskelton: 1.43%
mitochondrion :
1.49%
nucleoplasm: plastid : 2.26% cytoplasm : 11.01 %
1.84% nucleus : 4.10 %
molecular function
unclassified : 36.96% catalytic activity :
28.31%
.
Molecular Function

transferase
others : 7.08% activity : 9.38%
hydrolase activity :
6.96%
binding : 4.09 %

protein binding : 1.12%

kinase activity : 2.11% transporter activity : 3.97%

Fig. 2-3. Distribution of F. carica fruit unigenes from both caprifig and common fig types
according to their associated biological process, cellular component, and molecular
function GO terms. Fig EST sequences annotated by TAIR Gene Ontology were
grouped by GO slim category.
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nmicr /7 —3va v &7 (Table 2-4., Fig.2-2.) , ESTScan |2 & » T, &t
38,308(53.6%) D= — 2 ORF NPl 7=, RREEFMEME Slca=v— 1%
1,303 1 (1.8%) (IZ & EF o7z, ERAESIBEMT 411(0.6%) D=2 —FIMREMEDOH 5 v
HA X FRFEZ X7 ERHND 80%LL DR S % 13— L7z (Table 2-4.),

AW CTEG LI =Y = IERRES 25T b 0T 72 na, HaRsgHo%
I, A F V7 OFHHEBLEAFOEERSNO Y a—= 78 LOSBMNTICHRL S Z &3 #]
rEh s,

232, RECTRHINIEERBERLT

AT =V NHEMOAF V7 REICBT 2 FERRBEBETE/ET 7201, 2=U—
VHTY — R BAE D 20D = 7 ¢ & fH L= (Table 2-5.), ZOHIZE 1-7 2
S raTduns - ANVR R A RV A= (T L BEER), T ) T =,
B-HT7 7 " —BBLOZ 7 ARl BEAIO R IR R 1 OB R
ST, TOMIZIX, DNA EE LMRTEOKEE A > NBS-LRR 7 7 X U — Bz 0V
V7T A MIEDAKEEERHET D PIPICEE 772 ERE FI TV,

B D ERBOREN OB/ LN RABETOT —ZI121E, REORA (=mF L&
R, BEGHG 7T b T =UAR), RIEGER) ORE, AR JEOMR LU
FERMEDIE) I ET 2RI FIZOVWTEL DIFRPGENDL EEZDND, LTI
INHDORIZONWTT — X DT WEZ e L7z,

Table 2-5. The 20 most common transcripts detected in gynodioecious fig (Ficus carica L.)

fruits: caprifig and common fig

Contig ID  mapped reads TATIR description E-value TAIRID

FICAF00049 326 Ethylene-forming enzyme 3.00E-64 AT1G05010.1
FICAF02984 205 Plant invertase/pectin methylesterase inhibitor superfamily protein 2.00E-46  AT3G47380.1
FICAF00071 158 Plasma membrane intrinsic protein 1C 1.00E-148 AT1G01620.1
FICAF00569 71 Sucrose synthase 3 0 AT4G02280.1
FICAF03477 68 Plasma membrane intrinsic protein 2 1.00E-125 AT2G37170.1
FICAF00323 64 Pollen Ole e 1 allergen and extensin family protein 1.00E-37 AT4G08685.1
FICAF00734 64 Endomembrane protein 70 protein family 0 AT4G12650.1
FICAF07417 62 Granulin repeat cysteine protease family protein 1.00E-103 AT1G47128.1
FICAF00442 59 Pectin lyase-like superfamily protein 8.00E-110 AT3G07820.1
FICAF00387 56 Calnexin 1 0 AT5G61790.1
FICAF00418 53 GTP binding Elongation factor Tu family protein 0 AT5G60390.3
FICAF00371 44 Tubulin alpha-2 chain 0 AT1G50010.1
FICAF00696 42 Homeobox 1 3.00E-38 AT3G01470.1
FICAF00308 41 HXXXD-type acyl-transferase family protein 1.00E-44  AT3G26040.1
FICAF00512 40 Hyaluronan / mRNA binding family 1.00E-31 AT4G16830.3
FICAF04153 40 RAN GTPase 3 1.00E-122 AT5G55190.1
FICAF00333 39 Eifd4a-2 1.00E-142 AT1G54270.2
FICAF00522 39 ADP-ribosylation factor A1B 3.00E-100 AT5G14670.1
FICAF00189 38 Late embryogenesis abundant protein, group 2 2.00E-101 AT2G44060.2
FICAF00423 37 Amino acid permease 6 2.00E-108 AT5G49630.1
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2455
2.4.1, I%vyéﬁkvﬁ%wﬁé

— I RED AT HERICIE, HEEE, B, B, T AT Yy —BILOBEEBEY
E@ﬁm%aﬁg<®$m%m&4m/kﬁt_ofwéﬁ,_ﬂ6®ﬁmi&%% B
FEEOW T 723 B X - THIE S 7T 5 (Bouzayen et al., 2010), REMRAT B AD
FBEEI=TF LK THDL, ZF LU RENTER LR, TO TR TEL O
AT AR TF LUV T RERK A RBE L TiE Z % (Ohme-Takagi and Shinshi,
1995; Solano 1998; Riechmann et al., 2000; Klee, 2004; Alba et al., 2005; Gupta et al.,
2006; Kesari et al., 2007), £, REXPBROEATSITFT LGl E V7 TR
EThHID, 2=U—rHfhs 26 ORKIZE T 285 F-OBFIOfhH 257 72,
ZOFER, =F L AROBIARIZEI < SAMS 25 > 7 F IUREERR K O Kbl T < ERFL
FCORMEDOBE T A FFE CTE72 (Fig2-4), ZORKETRITIEMEFTEL DY —
R SN2 &0 n, AT —VINEFORETII=TF L UARE V7 T REN T
EMH L LTS s ST,

242, ¥EARR

TF L UAERO FRICEB T DA, 72 7 = U ARl ORI EE /> R (2 B9 25 5
ZEET D LIXREOHEFHICB N T CEETH D, MaEESfHEO 7 at 22>
VWNTIE, Owino et al. (2006) 73 5 32 Bk o0 il el BEAE Bl 52 O X IZ O W CBEIC R 23 &
HDT, HEET VN7 = OABARRIEICEE L 72 B R TR B OW TREF L 72,

AF T REOTERET a2 b, T RUBEBIOTALY h—2ThH D (KPH - B,
1999), AEWERK L7z =2 — U TiE 2T b T X TOLHEH O A piE & D #E s 1 (Fig. 2-
meK,amy%anﬁé%%'@n5ﬁ77F—Xéﬁﬁiﬁm%ﬂaihfwko
£, SHEG ISR SIS, ENDREE TOREOES KON O 7 K TR
2B THERE 3~ 2 Hl R R 2 o — N3 D5 1 Ol 27 7= (Yamaki, 2010), & Db R,
SUT (3 = Bk (A), SORT (Y /LB b —/L#ikk), MANT(= > = k—/Lligigkik) B L O
HEXT (% Y — ZBkER) 2 G e 7e < £ 4 DO FREr V6 R [FE T & 72 (Fig.2-
5.), o RMClIinfid 2 2EE LT, vali, YIE b=, TT7 4 /) —R, AHX
X —ABLO~ = =N TS (Ziegler, 1975; Yamaki, 2010), L72723->C,
B L7 Bii s o — REETIEA F U7 I0BW TN T 2 2B OERICE 5 LTV 5
AIREMED B D
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_ Methionine

N SAMS EC:25.1.6
S-adenosyl-L- (7,9)
methionine
Ethylene _ v ACS AN
. 1-aminocyclopropane-1- @.11)
Production carboxylic acid
EC:1.4.3
\f ACO (26,>89)
_ Ethylene
l EC:2.7.13.-
B Ethylene response 1, ETR1 ETR2 (11,5) (11,3)
Ethylene response 2, EC:2.7.11.-
Ethylene response sensor 1, ERS1 ERS2 EC:2.7.13.3
Ethylene response sensor 2, 6.1)@.0)
Ethylene insensitive 4 EC:2.7.11.-
y | EIN4 13.4)
Constitutive triple
EC:2.7.11.1
response 1 CTR1 (15,5)
Ethylene [
Perception Ethylene EIN2 KO:K14513
. - insensitive 2 3,0
and Signal | .0
Tran ion
ansductio Ethylene EIN3 KO:K14514
insensitive 3 (8,3)
Ethylene response factor 1, KO:K14516
ERF1 ERF2 :
Ethylene response factor 2 (12, 8)

— Ethylene responsive genes

Fig. 2-4. Ethylene synthesis and signal transduction in Fcarica fruit as inferred from
Giovannori (2004) and Adams- Phillips (2004). The boxes show genes encoding
enzymes that were isolated from fig fruit ESTs in this study (BLASTX, e— 05 cut-
off). The first and second numbers in the parentheses refer to the number of
contigs and singletons, respectively. SAMS, S-adenosylmethionine synthase; ACS,
1-aminocyclopropane-1-carboxylate synthase; ACO, neutral invertase; SS, ETR1,
ethylene response 1; ETR2, ethylene response 2; ERS1, ethylene response sensor
1; ERS2, ethylene response sensor 2; EIN4, ethylene insensitive 4; CTR1,
constitutive triple responsel; EIN2, ethylene insensitive 2; EIN3, ethylene

insensitive 3; ERF1, ethylene response factor 1; ERF2, ethylene response factor 2

-14.



Cytoplasm

Sorbitol Sucrose Sucrose
EC:3.2.1.26 EC:2.54.1.13
NIN
NADP NAD (7,2 (7,14)
-SDH -SDH
EC:1.1.1.21 EC:1.11.14 Fructose + Glucose Fructose + UDP-Glucose
(1,2 (2,2)

Sugar transporter

...............................................
. .
.

e,

Glucose Fructose ;" SUCT EC:1.3.1.74
: (1,1)

Vacuole EC:1.3.1.74
: SORT (3.6)

Sucrose

EC:1.3.1.74
J/ VIN EC:3.2.1.26 MANT (2,0)

(11, 16)

Fructose + Glucose HEXT EC:(%‘.S(.)%.M

O o
.................................................

Fig. 2-5. The sugar metabolism pathway in F. carica fruit. The boxes show genes encoding
enzymes that were isolated from fig fruit ESTs in this study (BLASTX, e-05 cut-
off). The first and second numbers in the parentheses refer to the number of
contigs and singletons, respectively. NADP-SDH, NADP-dependent sorbitol
dehydrogenase; NAD-SDH, NAD-dependent sorbitol dehydrogenase; NIN, neutral
invertase; SS, sucrose synthase; VIN, vacuolar invertase; SUCT, sucrose
transporter; SORT, sorbitol transporter; MANT, mannitol transporter; HEXT,

hexose transporter.
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243. TV MUT=VERK

AF VI RERTEREIND TV M T = IEZ v T =00 EXT VI = U 0 BIFELE
THMN, REENEOVFITENEE T T =Y nE&EN T 5 (Duenas et al., 2008),
AEIOEHT TR SN 7 =V U ARICED 285 1% Fig2-6.12~7, T CIE7 =
SNANT T2 YA T VOB TA) TNV RBIORY T =V 0-3-7 v ay REDERKIC
o5 2 TOREMRIEDOBIFEZRETE T, —HT, T/L7 4 =T UV EMREKIZEWT
Ve RarrtFrnbYe Fu U eFraoipai ittt 57 R A4 K 35KERE
BERARETEholc, TOZEE, AFVIRETIETZT IR A R 35KBICEEFRTE
HERBEDOLNRNET D, ZNETOA T V7 REICBITDEFEOMIE/BRE LT
V7= (Solomonet al., 2006; Del Caro and Piga 2008; Duenas et al., 2008), - F 7 RKED
REECIIRERERENH Y, REAIITRE, %, K ©U7, &k #1305, 7TV
o7 = B R BERRE L BR T DT A D D Z LIk, SRS REECOERR
A RS D fiFIA 23 A7 T & % (Kobayashi et al., 2004, Xie etal., 2011),

24.4. GO #— L5H DA RRAIHE Lk

AERERL D BT AN G AT O MERENE & AR RO B I E ST D, Zhb
DOIEDO#ERIE, B2 AR ORI HE LN E ST — 2 2RS0T 1
X2 HOBEFICEVEA IS, EOMESEITITTR HE T 5 G BB LY A DXL
B 72, BARRMEICIE PHEO LB 234G LT % (Storey, 1975; Saleeb,
1965; Awamura, 1996), L7223 T, AERBHMOITDE OB T THIIEN TS & T
BEINTo, RN TIL, ERICH TV 74 VL G@EFEE D TR A7 Y T h—L%
fEd L, M D GO ¥ —Lpfiz it Uiz, ZDfEE, WM& D GO ¥ — L MmIlAE R
TR BN o7 (Fig. 2-7), ZDZ L%, D L ATV N OEMICH 5 A RE
MREN 7 LNV D T A7 YT F—LRF = TIREVWRR L, i H o
BADORBUDIENR DD Z L2 RmB L TEY, ERoPRZEMIT TV,
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_ Phenylalanine

¢ PAL EC:4.3.15 4.3.1.24
(5.5)
Cinnamate
¢ C4H EC:1.14.13.11
(1,6)
Cinnamoyl-CoA
J, ACL EC:6.2.1.12
(3,9)
p-Coumaroyl-CoA
CHS EC:2.3.1.74
¢ .7
Naringenin chalcone
MYB — \l/ CHI EC(:25'57')1'6
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' ¢ FaH EC:1.14.11.9
&.1)
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\L F3’H EC:1.14.13.21
. . (5.3)
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\L DFR EC:1.1.1.219
1
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\ 36T EC(:12.81).1.-
Cyanidin-3-glucoside '
(C36) 3RT EC:24.1.-
(1,0)

Cyanidin-3-rhamnoglucoside
(C3R)

Fig. 2-6. Anthocyanin and anthocyanidin biosynthesis in F.carica fruit. The boxes show
genes encoding enzymes that were isolated from fig fruit ESTs in this study
(BLASTX, e-05 cut-off). The first and second numbers in the parentheses refer to
the number of contigs and single- tons, respectively. MYB, Myb transcription
factors; PAL, phenylalanine ammonia lyase; 4CL, 4-coumarate-CoA ligase; C4H,
cinnamate 4- monooxygenase (trans-cinnamate 4-monooxygenase); CHS, chalcone
synthase; CHI, chalcone isomerase; F3H, flavonone 3-hydroxylase; F3'H,
flavonoid 3'-hydroxylase; DFR, dihydroflavonol-4-reductase; LDOX,
leucoanthocyanidin dioxygenase; 3GT, flavonoid 3-glycosyl-transferase; 3RT,

anthocyanidin-3-glucoside rhamnosyltransferase.
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Fig. 2-7. Type-specific distribution of GO terms (GOSIlim, Biological Processes, Cellular
Component, Molecular Function assigned to each type of unigene dataset

sequences.
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2.45. MADSbox &5+

A F V7 REOIROVEDORTFEIZIX 2 DOHEH L 7= X LEA 1 (GAIga) 35325 LB 2
LN TWD, GHEDOKERFAMT VORI ZHIE L, AFEDOXL Ha{x%ﬁ)ﬁ&ﬁ‘b\@ﬁ?
TE/ K% #14 L T 5 (Storey 1975), L2cL, Wi@Efls+ O LR LA E ST IXAH T
b5,

ABCDE E 7 /VIIEARE L B FRIOEBKZHHT 2ET /L TH Y (Ferrario et al.,
2003; Theissen, 2001; Theissen and Saedler 2001), fEDMEE OBHEIZ SN TIEZ < OFET
Rt &4 C & 7= (Kater etal., 2001; Sather et al., 2010; Park etal., 2003; Eloetal., 2001; Yu
et al., 1999; Sheppard et al., 2000; Ainsworth et al., 1995; Hardenack et al., 1994; Heuer et

2 200D, ThHaBBEICLT, A7) 74 7L EEEORIEICENTEHRLTVD

BARFOTA S ABCDE £7 /4047 7 ZTHIET 5 9 D MADS #is &l L7z
(Table 2-2.), MAEREMFEDO AT — T BLOTIZBWTHIH L7CBE FORBL L~ %
RT-PCR THf#T L7=fER, 77 A A, DB LV E OB TIEIAT — VU E T ARUFEIC
L DBIEFHRBOMEIIBE SN hoTz, —F, 77A B & C OBERTFTIFREB LA

ICHDNRE RO BN, AT —VINOA 7Y 7 ¢ FFEIZEIT 5 PISTILLATA(B 7
FA)HAERT PIL BEIO PI2 ORBF L~V T @ERED 1.7~50 Fm< o7, £77,
AGAMOUS (C 7 7 A) AREm 7 AG (ZITHEIEED YA XDIENDFED Hiv, Bl o g
FEM A XN H 7Y 7 4 TREL Y bP /S ho7- (Fig. 2-8.),

B DR EITAHBOBILETIZT OO EE D 55k THH T & % (Heslop-
Harrison, 1964), A FY 7 1%, MERERARRIZENSHER 2> D HEICRBAT T 2 72O R 120 S
AU (Ramirez, 1974), MADS K v 7 ZAE G IIAEOHESLICEEMICER L2V EE XD
N5, $72H55H MADS R v 7 AT OB E OENE, HREROKREEZOND
(Golenberg and Freeman, 2006), Z @ uUZBI L CTlE, AREAR O Pl AEa 7 O3B L ~L
IMAT—=V 1T THELETHDHIZEPDOLT AT =V TR LTVl & & —ET 5,
T, Pl ARERTORBN T 7 4 T TEHWZ LD, Pl B TORBEND T 7
A« TREOME L ~TERUC B E-3 % ATRErE DS i, , AR BEEIZIBNT C-7 7 A#
BT DR BERBRI RN A A9 5 2 &5 (Drews et al., 1991; Mizukami and Ma, 1992;
Busch et al., 1999; Lohmann et al., 2001), AG 7~ w1 7 OIEH AN L (LM b & DR
BIZOWTE S L RIMANLETH L, 4%IE, CBIEFBLID A EETL, PIRE
07 BIONAGHER T OEEIZOWTHEHARRENLETH D,
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Class A ClassB ClassC

r ) r

r 1 r 1 r 1 r 1
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1.0 0.8 0.8 1.0 1.0 1.0 1.0 09 09 1.0 1.0 0.8
500-
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Fig. 2-8. RT-PCR analysis of ABCDE model MADS family genes in F.carica fruit (stages |
and I1). The abbreviations refer to fig homologs of each Arabidopsis MADS gene:
AP1, APETALAL; AP2, APETALA2; AP3, APETALAS3;PI1, PISTILLATAL; PI2,
PISTILLATA2; AG, AGAMOUS; SHP, SHATTERPROOF; STK, SEEDSTICK;
SEP1, SEPALLATAL; SEP3, SEPALLATA3; AGL6, AGAMOUS-like 6. Additional
abbreviations: M, 100 bp molecular weight marker; Actin, p-actin. cp, caprifig
type; cm, common type. The number under each lane indicates relative expression

measured by AlphaEaseFC software v4.0.1 (Alpha Innotech, corp., SA).

-20.



246. IRV VEREBEBTFB IOV v ERERERET

AF V7 DHELFEFIZONT, BARKRM L ERICEET M FLEL ThDH UL
U U ERICEb S 8 oD kT r 7L T (GA200x % 11#, GID1 % 2{#, GAMYB1 % 1f#,
DELLAs % 4 i) IV EH L7z, A7 —Y I TliE, ZHbOEMEFOFIZAERBRMIZHIT S
B 72 22 BITRRD D e o 7z,

F7, B aUAREEERET (CHS) AEa VOB TIE, A T7F—Y 1ICBIT 558 1T
B EN7erotz, AT —YINIZBWTIE, HEEICBIT 2RI L ~LDOK T LG EY
YA ZOWD RGO BTz (Fig. 2-9.), CHS & Lz kR & OBI#IZ DV TiE, RNA T
IZ& 5 CHS ORBIMFBMEMERREEZTLTE~ FOREBFERELLTZLT I L 03#H
BT 5 (Schijlen et al., 2007), £72, 7 RUVHEDORAF LR v X —BilaT
(STS) ZIRFIFBL L7 b~ FTIE, VI/=v AR RV = OEGRICUNER 7 < VIR
BT 2V FBORNRIZEY, HEERTR & B R MR ST 5 (Ingrosso et al.,
2011), BUBRIRVNZ LT, CHS (X E @R CREEAIZHEIL L TV HEIs T O EALICALE L T
V% (Table 2-6., Table 2-7.), CHS & STS MFEEMIC & B VERIIHEER, MR 22 <F
Ll L CHE Y (Yamaguchi et al., 1999), WiFIL7 7K /A4 FAKAHZ @ U TIEMOREL
D AFEIZESS- LT 5 (Mo etal., 1992; Ylstra et al., 1994; Hanhineva et al., 2009), L 7=
Ro T, CHS OFBILTNT TR ) A FERRB O 218 U T, HAhkRrk: L B L
TWDHAREEDZE X bId,

247, ERRBRRHICRETLBETFORR

ZZETHRITICE ENRVBETORIHEOEOREL LOHAERBEICK T 5 E
ERNTFNREENDAREMEZBRFTT 572012, 17V 7 4 JHEEITEBEEOALD Y — R
MO IND 2T o TESN R LTz, ZORER, W7V 7 4 RN 4,844 =
VT4 7 EEERR A 7R 2,260 2 T ¢ U3 B LTz (Table 2-6., Table 2-7.), WIZHH
SNTZBETORREZFMMT A0, 63T 47067 X A2 18 OB T
BB (1 7 7 ¢ 7 FE 10 & TR 8 ) 2R L T RT-PCR 1T X 2 HBUET 21T > 72,
ZDORER, L)L, BEEEMT A XOWNTINNITEHB W CTARBRIE CERNRO bz

DX 5851 Th -7z (Fig. 2-10., Table 2-1.), FH L~V OZER T, X7 F U7 —BHk
A—=N—=T 7 IV =7 EPG), BEREEY /X7 EHMT), HHOT RI 7 A
itk & > 2327 8 (PCR1L) B8 L VY XL U Uil # > 327 E (GR) OB F-FBLIZ, EREA

(2R B 72 7 B NBS-LRR s 112380 b7,

AERERIOFHE & 5 Bin 1 & OBEIIA & Theuvy, i S8 m o ficidEreil
ACICEET 2 ONREEND EBZ BN D, AU TIIAARERRICK LT 1 5 GR#E)
DHEMA L TWD, LIeRoT, ARMEEEBEFREOLH - OREAEEMIT 5720
i, FCARRIZGHEINAMOMSTEEZ & TRAET 20BN H D, £z, AR
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BB LR EER T2 T 27291218, 2B OMEKE MR L - fighre 7/
LIEH, RNA-seqfidtt, ~A 7 a7 VAN EZFA LT e —FRULETH D,

(bp) M CHS Actin

) 1

1000- cp cm cp cm

500-

Stage | 40 cycles

1.0 1.0 1.0 0.9

Stage 1l 40 cycles

1.0 04 1.0 1.0

Fig. 2-9. RT-PCR analysis of Arabidopsis chalcone synthase (CHS)- homologous genes in
F.carica fruit (stages I and I1). M, 100 bp mo- lecular weight marker; Actin, p-
actin; cp, caprifig type; cm, common type. The number under each lane indicates
relative expression mea- sured by AlphaEaseFC software v4.0.1 (Alpha Innotech,

corp., SA).
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Table 2-6. The 20 most prevalent caprifig-specific transcripts

Contig ID__mapped reads TAIR description E-value TAIR ID
FICAF00049 326 Ethylene-forming enzyme 3.00E-64 AT1G05010.1
FICAF02984 205 Plant invertase/pectin methylesterase inhibitor superfamily protein 2.00E-46 AT3G47380.1
FICAF00071 158 Plasma membrane intrinsic protein 1C 1.00E-148 AT1G01620.1
FICAF00569 71 Sucrose synthase 3 0 AT4G02280.1
FICAF03477 68 Plasma membrane intrinsic protein 2 1.00E-125 AT2G37170.1
FICAF00323 64 Pollen Ole e 1 allergen and extensin family protein 1.00E-37 AT4G08685.1
FICAF00734 64 Endomembrane protein 70 protein family 0 AT4G12650.1
FICAF07417 62 Granulin repeat cysteine protease family protein 1.00E-103 AT1G47128.1
FICAF00442 59 Pectin lyase-like superfamily protein 8.00E-110 AT3G07820.1
FICAF00387 56 Calnexin 1 0 AT5G61790.1
FICAF00418 53 GTP binding Elongation factor Tu family protein 0 AT5G60390.3
FICAF00371 44 Tubulin alpha-2 chain 0 AT1G50010.1
FICAF00696 42 Homeobox 1 3.00E-38 AT3G01470.1
FICAF00308 41 HXXXD-type acyl-transferase family protein 1.00E-44 AT3G26040.1
FICAF00512 40 Hyaluronan / mRNA binding family 1.00E-31 AT4G16830.3
FICAF04153 40 RAN GTPase 3 1.00E-122 AT5G55190.1
FICAF00333 39 Eif4a-2 1.00E-142 AT1G54270.2
FICAF00522 39 ADP-ribosylation factor A1B 3.00E-100 AT5G14670.1
FICAF00189 38 Late embryogenesis abundant protein, group 2 2.00E-101 AT2G44060.2
FICAF00423 37 Amino acid permease 6 2.00E-108 AT5G49630.1
Mapped reads means the number of uncorrected EST counts

Table 2-7. The 20 most prevalent common fig-specific transcripts

Contig ID _mapped reads TAIR description E-value TAIRID
FICAF00049 141 Expansin A8 1.00E-108 AT2G40610.1
FICAF02984 91 Plasma membrane intrinsic protein 1;4 2.00E-149 AT4G00430.1
FICAF00071 69 Actin 7 8.00E-95 AT5G09810.1
FICAF00569 54 Major facilitator superfamily protein 2.00E-178 AT4G34950.1
FICAF03477 48 Unknown protein 6.00E-06 AT1G03820.1
FICAF00323 44 SKUS similar 5 2.00E-103 AT1G76160.1
FICAF00734 40 SOS3-interacting protein 4 1.00E-151 AT2G30360.1
FICAF07417 39 Adenine nucleotide alpha hydrolases-like superfamily protein 3.00E-67 AT3G53990.1
FICAF00442 37 Highly ABA-induced PP2C gene 1 1.00E-55 AT5G59220.1
FICAF00387 37 Regulatory particle triple-A 1A 0 AT1G53750.1
FICAF00418 35 Nucleotide-sugar transporter family protein 1.00E-11 AT4G09810.1
FICAF00371 34 Unknown protein 4.00E-29 AT1G54200.1
FICAF00696 34 Lysine-ketoglutarate reductase/saccharopine dehydrogenase bifunctional enzyme 4.00E-146 AT4G33150.3
FICAF00308 32 Encodes a protein involved in salt tolerance, names SIS (Salt Induced Serine rich). 3.00E-27 AT5G02020.1
FICAF00512 31 Chalcone and stilbene synthase family protein 0 AT5G13930.1
FICAF04153 29 Glycosyl hydrolases family 32 protein 3.00E-96 AT1G62660.1
FICAF00333 28 Tonoplast intrinsic protein 1;3 7.00E-102 AT4G01470.1
FICAF00522 28 Protein of unknown function (DUF3537) 7.00E-159 AT3G20300.1
FICAF00189 27 Xyloglucan endotransglucosylase/hydrolase 30 3.00E-129 AT1G32170.1
FICAF00423 26 No hit No hit No hit

Mapped reads means the number of uncorrected EST counts
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(bp)M PL MFS-1 AT PE ©OHLH SKU5 HMT PCRIl TPC GR

1T 1 r LI L L 1

-
Stage | 38 cycles
Stage II PR e T L L L e L] 38 cycles
Cp CM cp €M cp €M Cp €cm Cp CM Cp CM Cp CMm Cp CM Cp CM Cp cm
0.7 101009 1008 1009 1009 1008 1008 1.00.5 1009 1.0 1.0
(bp) M MES2 PP2C PARI RTEI COP1 gz XYLl PR Actin
[ — [ — r 1 r 1 I 1 r L) I 1 [ ]
500 - - oo
Stagel ;- e e Beees " aeee = =Ko
Cp CM cp cm Ccp CM Cp CM cp cm Ccp €cm Cp CmM Cp cm
1.0 1.0 1.008 1010 1.009 09 10 0.01.0 09 10 1010
Stage II -— - - - 38cycles

Cp €M cp c€m cp €M Cp CM cp cm Ccp cm cp cm cp cm

1010 0910 0810 1010 1010 0.010 1.009 09 1.0

Fig. 2-10. RT-PCR analysis of 18 subtracted genes in caprifig and common fig fruits (stage |
and I1). The analyzed genes were preferentially selected from the subtraction lists
on the basis of their read number ranking. The abbreviations refer to fig
homologs of Arabidopsis genes: PL, pectin lyase-like superfamily protein; MFS-1,
major facilitator superfamily-1; AT, HXXXD-type acyl-transferase family
protein; PE, pectin methylesterase inhibitor superfamily; bHLH, basic helix-
loop- helix DNA-binding superfamily protein; SKU5, SKU5 similar 13; HMT,
heavy metal transport; PCR11, plant cadmium resistance 11; TPC, terpenoid
cyclases; GR, gibberellin-regulated family protein; MFS2, major facilitator
superfamily protein 2; PP2C, highly ABA- induced PP2C gene 1; PARL, PARL
protein; RTEL, reversion-to-ethylene sensitivity 1; COP1, COP1l-interactive
protein 1; NBS-LRR, disease resistance protein (CC-NBS-LRR class) family;
XYL1, beta-xylosidase 1; PR; pathogenesis-related family protein. Additional
abbreviations: M, 100 bp molecular weight marker; cp, caprifig type; cm,
common type. The number undereach lane indicates relative expression

measured by AlphaEaseFC software v4.0.1 (Alpha Innotech, corp., SA).
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248. #EE

AF VT ORFZAERK AR GCEET 286 FHEOREL BB, 4 FV 7 ]E
BT D HBUBRF ORI RN 21T o7, A7) 7 ¢ V& EwmfEo REICHKT S
CDNA T A 75 U —Z 5t BIc kit — 27 = o Z g 247, RF 27 V7 h—ADk
W A21T o7z, it 290594 DL —4 L AV —ROT v T IVELTV, 71,455 D= —
(19,166 ® =7 ¢ 7'k 52280 DY TN R ) &G, O =V —rOHRhL T L
Y, EBLOT YV R T = DERFEDRERBI D LB T EERFAETE 2, =
==V ORIZIIEREEARAAZR O b E TN TV, REARRIMO GO ¥ — L 55H O i
TIXAEBEREITRD SN n- 7228, RT-PCR it TIXOEK OB THRALE 2 K
L7z, AT CHRONIET —Z ROFERIL, 4% OA F 27 REATOBEIITICE BT
HEEHIT, AF V7 ORFEGERAERBU IR DBEO~Y— I —EEZEDD L TH
MAeBxons,
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FIE. ATV ORFESHLICEET S FT A€ J FcFT1 OfENT

31 F

ATFUIITENOEEE LI (BWATRGEN) O E LTHmbn TRy, ZOEbh
DY 2=— I REEEFMEZ AL T0D, A FVI7RE (JBF) OER X OFEIZON
TITBEIZE < OFEFMARMZER T TV D ORF « 24, 1951) . A F V7 TIXAHED
FEREL (2 AR OTEFERFNFRICHET D &, A BEN L7 TEZF T LW EE LS 1
b3 B8, T 7eb bk e & 72 5 (Flaishman et al., 2008) . 167D 3 bidfs RaL
DO FALOE S SOOI 2> THRIZHE e, 4 F 27 ORFEIL, BHENOHTO/NMEE
WET DK L7fEFHE (fE58) 7572572, REOHEEIEFOMMUITIZIEREZTH D
CFEH:, 1966) o B D ALITEBREESAFE TR 0 Rb 0 TALEi 2 & ST m s - THE
ft9 % (Crane, 1986) . FKITITHEAERE (1 FAE) DO CTHF 13 aEL,
ZDOBRKIRIRRBIZ 2 D, MMEERDOEFIIAFORIRICADLOREFLIFILL, BRICEE
EEELT, BEFRICEALEEFE RS (Figs3-1A, 3-1B.).,

AFV7EFMED 1IEHORER (F 1HE) Ko 2EHO/E (5 2 HFR) o 2
FREHDINHER A 8 5 (Storey, 1975), ALFF234F 2 [EINTH T THfb T2 KO IR 2223, fE
Fr o AL 23 R 3 2 Wi 2 18 U Cikfe 9~ % (Crane, 1986), IKIEIC L » TaFE S5
AZRIRIC L > THEFF MEDR KB BT 5729108, 3 LI & 55 2 HIR 2N L 72K
Wb Bilg L7 K 9 ICR A 57210 Th D (Fig.3-1A.),

BEL CHEM OTERGEE T A R, RERS LORMBNERZ EO—FE ORERB &
OISO DD REIRFICTH 72 SRS E SN D 72, £ < O OIERGEEEIL
BEFEOFEHITEZ D, flziEvaA XFXF T, EFEBIOERICERSEMFITST
THERMR A FHE S5 (Napp-Zinn, 1969), A K CIEEF £ 1T IR B RIFIC L > TH
FEAMEE S5 (Poonyarit et al., 1989), £72, AKRZEADKRT T TIHIKIR L R D54 T
(AT R~ DB AMERE S D (Yuceer et al., 2003), *FRAGIZA T2 7 DIEF D bix
BENOKEICD > TRIIMMGEST 5, 2F 0 A F V7 TiE LiloWiE & 13872 200
JE IR RAF B 8 2 WX E IARAF N R R O A TE N HER S D,

EFNAEY T D 1A XF XF (Blazquez, 1997; Bladley et al, 1997; Kobayashi et al,
1999; Araki, 2001; Yoo et al, 2004; Abe et al., 2005) % & ok 4 72 HEM I 35U THE A5 4 1l
HT D% OBEFHALNPCENTE, ZhHDOBEFD S L, FLOWERINGLOCUS
T(FT) BLXOZoE 7 7 U — X7 vl ¥ 7 /E % 22— K L (Chailakhyan,
1936; Tamaki et al., 2007; Corbesier and Coupland, 2006; Corbesier et al., 2007), YtJ&EME
BRI I L ORI &2 %4 L T (Corbesier and Coupland, 2006), k%55 4 2 T8 5y 24
M (EER) B2 d, LT, A F V7 ORFHMEICBNTH FT B2 5
LTCWBHAEEMER W, ZOREZHLNCT L0, £TA4F V70 FTEIBFHE
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A inter spring autumun wint
Jan. | Feb. | Mar. [ Apr. May | Jun. | Jul. Aug.| Sep. | Oct. Nov,| Dec.

Growi Dormanc Rooting and New shoot Defoliation
rowing process 4 Budding elongation and Dormancy|
) Fruit enlargement and ripening

First crop (previous year's inflorescences)

(breba)
Inflorescences differentiation

>
Inflorescences differentiation
Second crop

(main crop)

Fruit enlargement and ripening

bearing
branch

Fig. 3-1. Bearing style and flower bud differentiation in Ficus carica L. (A) Fig fruit
(‘Houraishi’) production in Japan. The broken arrow indicates the period when
inflorescences differentiate but most resulting fruits drop or decay because of winter
low temperature. (B) First-crop fruits differentiate at nodes near the tip of 2-year-old
pre-fruit-bearing branches (yellow arrows) and second-crop fruits differentiate at
nodes near the base of 1-year-old fruit-bearing branches (white arrows).
Inflorescences differentiate sequentially from lower nodes as a 1l-year-old fruit-
bearing branch develops. (C) Exterior appearance of leaf bud (left white arrowhead)
and flower bud (right black arrowhead) at axillary position. (D) Histological sections
of apical bud meristem (api). No inflorescences were observed before bud flushing.
(E) Histological sections of a flower bud with an early receptacle (ere) and scales (sc).
(F) Histological sections of a flower bud with a flat receptacle (fre) and scales (sc).
(G) Histological sections of a flower bud with a curved receptacle (cre) surface on
which floret (fl) differentiation begins. Bar =500 pm.

-27-



07w LMNILT, TOMKIEL FHEER~D Z ENEHEETH D,

RETIE, AT V7 OERLEERBEEN D DILF0b % HIH T 2 BB ER 2 50
2T 570, A FT7HRD FT s T (FeFTL) 27 n—=27L1L, ZORE%E 5
Hriiz, & 512, FCFT1 OIERGFEERMERN R b NTHBALA 2R LT, FcFT1 O3EHL
& A F V7 MEEOIEFESE 72 & NS FA M & OB 2 WGE L 7=,

32 MEBLUHE
3.2.1. TEFRAZE

TERFOMMENEROFHETRSYETH D Z EZ2HERTH72DIT, 201144E3 AR L VS
A B R ER G RBRG S0 (AT CERHUkE: S e SE3R 726, TE3F
B L OWEF ORFS - 2247, 1951) Z8RHL L O FBME cBlg Lz, YA (JE& 0.04~0.08
mm) | Desktophand microtome (Kennis, Osaka, Japan) % FWC/ERIL, 0.05% (wiv)
D AT T =Tt Lz, YIFERIZNT —2 2y b A0 A A—V A X ET AW
— (IS) &Y% /71 *Z (Cannon, Tokyo, Japan) #Z#5i#k L7z BH-2 Y& 2BEMEE (Olympus,
Tokyo, Japan) THRE L7=, £7=, A F V7 ICBITHEROMBNELZTERT D120, EXE
fili” BRAROEREZ 5 H TANG 7THTNAICZHT THE L, vk, EREOMETIE,
BERE 2 mmBOEFERFELE R L, 8 OMRERBEIZ T,

322. RACE/Zn—=yv7

F9, FT B FHrRERMET 714 ~—%Z o RACE £ (rapid amplification of
cDNA ends) (ZXV, A T2 %7 7 AED FTEGEIETOBEEE T 2157, FT #sFRR
7R T T A ~—F, MOWEMED FT Bin T 7 7 I U —ORFHEEN bRRE LTz, 7
7 I DNA I, ‘EEFA O LA ORIEN S, DNeasyPlant Mini Kit (Qiagen) % >
THIH L7= (Ikegami et al., 2009b; lkegami et al., 2013), RACE Z1%, GeneRacerkit
(Invitrogen) & Table 3-LIZRT I A4 ~v—aH e, HBoNe SBLO3WHE7T 74
YA L, 4 cDNA 8% [FE L7z, FcFT1 =— R8I, cDNA 8L/ A DNA
ZEFAL L LTKOD 77 AR U A7 —1 (Toyobo, Osaka, Japan) %fffH L7= PCRIZL > T
HAME L 7=, MR S AU7-BRSiX, PCR-Script Amp SK (+) vector (Agilent Technologies, La
Jolla, CA, USA) (27 u—=271, BAZHRELT, HEEIIOMATIZIZ ABI Prism 310
sequencer (Applied Biosystems) T Big-Dye Terminator Cycle Sequencing Kit ( Applied
Biosystems) & W\ T1To72,

FCFT1 == — NHEIRICHERE T 2 5 LBl 2 B4 5 72 %, Straight WalkKit (Bex,
Tokyo, Japan) % M\ C Straight Walk 7% (Tsuchiya et al., 2009) (2L 557 ) AT +—F
JHATo T, fFbivle 1664bp @ 5 EjifdAIf o> A= L A >~ % PLACESignal Scan
Search (http://www.dna.affrc.go.jp/PLACE/signalscan.html) Tl L7,
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BRI L OV AL fRNTIZ, GENETYX (Ver. 8.0; Genetyx, Tokyo, Japan) % fiu»
TATo 7. R AERT 272012, RS FT 8% X2 B0 7 X 7 BEESIE L O
MOREMTED FT k7 /87T X BRI 2~V FEINT T4 A & Uiz, 8B, T
TA LAY MTET 7 40 b3 T7 A—2 &, ELEEEOHEE & RFH ORI T 2
J BT RS A A LT,

323. DNAX AT ay bohr

CEHRMT B R—T 4 L XBOVD D3OS ) LE VT DNA L
71y hy#rZz Brown (2001) OFIEIZL VI Tz, Y —7 ABLION Y v—7 BT,
FTNEN, FCFTIOHFE 1= VU bE 1A v ha Ok, BXOFE3IA > berns
W4Ty Y OmEE AW (Fig. 3-3A., Fig3-4.), 7/ 2 DNA O¥EALIZ X HIFREES Xbal
B IO HIindIl % v 7z,

3.24. ZRNafHERBRAEZ AV IOBE FEERERT

Xbal & Sacl ®7 ¥ 7% —Z%fHIN L7 FcFT1 052K fdy] %, PRla 7' 1t — X —
(Ohshima et al., 1990) % 7= 1% EL2-35S-Q 7'uE— & — (Mitsuhara et al., 1996) & ik L C
pE2113 XV ¥ —|Z /v —=27 L7, PRlaFB LW EL2-355-Q 7 —%—DF|HIz LD,
FNENFRBLN I W E IR T L OFEBLDN RV ISR 2 E L7, fER LTz R
N7 27 NME, E=a—L Kra v 7ik(An, 1987) # W CT 7 r327 7 U oA EHALOS
PRICEA LT, WEEBRH Y 7 a7 7V 0 LAKITY — 77 1 X7 ik (MacKenzie and
Tremaine, 1990) |Z L ¥ Nicotiana tabacum ‘Sumsun NN’ OMEE HICE iR L=, BE
HA % ORI 50 pg TS T a~A U ZIRIMLTEE 3% A7 r—A L 0.3% 7 VT
A N&ETe MS il ECled L7, 16 W HIH/8 MmO R CH R L 7=,
FCFT1 {51 D AfEGBIL, FCFT1-FL1 & FcFT1-RLL 7 F A ~— (Table 3-1.) &M\
72 PCRIZ X Y s L 7=,

RIPURAT D722, £F° FeFTLREIMRA D TLHEY N O T2 FE1 25 L7z, /I
FEF-1X MS 550 ECHREBEICHER L, B 21 A RICR=SHETICBR Lz, B LT’
HEHARICHOWT THERELMEE TORSY, TR BV THHENS 70 HEOR
L) o 3HEBEEHAE Lo, BAERME WEERIROIEEZ, Tukey—Kramer 5% W TE
L7,
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Table 3-1. Primer sequences used in this study.

Primer name Sequence (5' t0 3)
PCR with genomic DNA
FT forward FTdg-F1 GTHATGGTKGAYCCWGA
FT reverse FTdg-R1 CGCCAYCCYGGWGCATAMAC
FT forward FTdg-F2 TTGGTKACYGATATYCCWGC
FT reverse FTdg-R2 CCRCYCTCCCIYTGRCARTT
RACE
First PCR
FT 3RACE forward 3 RACE-GSP1 GCTATGAGAGTCCACGGCCGACTGT
FT 5RACE reverse 5RACE-GSP1 ATCTCAGCAAAGTCTCTAGTGTTGAAG
Second PCR
FTI 3'RACE forward 3 RACEGSP2  GGGGTGGCGCCAAAACITCAACACT
FT 5RACE reverse SRACE-GSP2  TTTTGGCGCCACCCCGGCGCGTACA
Full length PCR
FcFT1 forward FcFT1-FL1 ATGCCGAGAGAGAGAGACCCACTAGTGGT
FcFT1 reverse FeFT1-RL1 TTATCTCCTTCTTCCACCGGAGCCACT
RT-PCR
FcFT1 forward FcFT1-QPCR-F1  GTTGGTGACITGACATTCCAGCAACTACAG
FcFT1 reverse FcFT1-QPCR-R1  TTCTGGCGCCACCCCGGCGCGTACA
Actin forward FeActin-QPCR-F1 GCTGGTCGTGATCTCACTGAC
Aclin reverse FeActin-QPCR-R1 TCAGCACCGATTGTGATGACC
25
20
=
>
=
S 15
[
[<3)
o]
5
5 10
@
=
—
5
0

529 6/5 6/12 6/19 6/26 7/3 7710 7/17 7/24 7/31

Date

Fig. 3-2. Number of fruit set on eight bearing branches of an adult ‘Houraishi’ fig tree from
late May to late July of 2011.
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3.25. U7 /%A A RT-PCR f##T

U7 /WH AL RT-PCR IZK D FCFTIMRNA FEHL L~ L OFENTIZIE, AN LRSRE TR
I SEXRS O IFEDOTUARE REAT—Y DK, %, 16, Rk, MM
Wiz, FCFT1 mRNA D ZE[E 3 L ORI FEH O B OfENTIIE, @ R R AR e A
BRI D 22-24 SR/ ESERT DR DORERAL NS 3 DDOIEDTESRMN: 43 2 B L T
MWe, ZEMRIMEATICIZE 10 fiE THE L7c Y 2 — ORI LRI EEZ Hniz,
L FEEL L~V D Il Tukey #E (P <0.05 ) 12X 01To7-, Z=ERZEE OMHT I
20114 3 AX D 10 HE T, AIZ—F 13:00—14:00 ([ZFREL L 7= b D % iz, A& Ofif
Mrici, NITASE ObBEFHREEE 150 pmol m 2s™ Y JRJE 25°C) THEBH L 3 44
DEARNG 4 REICERIRL b D2 HWz, 20L&, BARITRIIC 12 KFFEB /12
RERIREHEA (12L/12D) OJEEMA T C 3 HIEFE: L7=1%, KBS (16L/8D) T, M HSAM:
(8L/16D) T, I X ONEfEREHIZf: (DD) T 3 &£ FT 3 HHEE L7zb D& vz,

U7 IVH A L RT-PCR OFFEMMIZILL FOEY TH 5, i PIZ RNeasy Plant Mini Kit
(Qiagen) % AW T4a#EIH O total RNA A i L DNase | (Takara) TRLERL 7=, #EFA
RIFEDOLA 11X Fruit-mate for RNA Purification (Takara, Shiga, Japan) (lkegami et al.,
2009) Z & CHEH L7z, PCR Z&ffi%, ABI Prism 7500 Fast Real-Time PCRsystem (Life
Technologies) % ffi H L T, real-time RT-PCRKit ™ 7" m k = — /L' (One-Step SYBR
PrimeScript RT-PCR Kit II Perfect Real Time, Takara) (Zft~ 7z, #&#EHZ>Z 25 ng ®
total RNA #fEFH L, B-7 7 F s+ (DDBJ ID : AY487315) = hru—/L & L7z
(Ikegami et al., 2013), M L7277 4 ~—@l%l % Table 3-1.1Z7~7 79, PCR ILHx M
42°C(543) B L1 95°C(10F)), Z D% 95°C(5F)) & 68°C(4F)) & 451 7 L& LT,

33 MR
33.1. FERFDOsLREB X UM
3 HIAT - IBILETIX, RO Z AT HIEFIIEFOAER R TRO T,
FERORIFIZ M LI AE PR BIIfER CE 2o 72, 5 A 156 HIZIE, FHABREZ R
EFEH T DI OMEDFEREL O FALE CTIERdd bz, Z ORE Tk ErE co e
DT D Bz o Tz, MR O/INMEIFIED 3L S RHEE 7246 P D 43{ki% 5 A A
TR oD Kot/ o7z (Fig3-1.C—G), £/=, ZDO X5 7/MEFRED S bEHER L
HIREE, 5 ANDIE ST ERIL 7 HURIC Ok L TEET 5 2 & T& 2 (Fig. 3-
2.),

332, AFTY FTHERS FcFT1 DRIE
A FT7 D FTHEELEFDO7EEERE cDNA &, £ F 7D RNA %7 /L5 RACE £
FHWCI/e—=27 L, o8B RN O TFRISND T X BBES| A o HEY)
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FEICHRT D FT B FAa—FTD7 2V BESIE T T4 A b LIERER, 7 ua—
=V LEBEFITFT 7730 —OBRFTh D EHLE T, £2C, ZOEKT%
FcFT1 (GenBank %§%7% 5 AB457620) &4 fHiF7-, FCFT1 X2 &ED 5,175-bp T, FTiE(R
F 773N —DOMOELEF ERBEIC 4D VL 30D, b bBIERE TV
7= (Fig. 3-3.A), 29 kbpDHE 24 > b B L 17 kbp DF 314 > b 3% < OHEifE
F) X VAT FESIEZEA LT,

&7 2 BRES O TIE, FcFT1 iy v A X+ X5 " FT (DDBJ ID: AB027504) &
1L 745%, V> =@ MdFT2 (DDBJ ID: FJ555224) & 92.5% 3 [F—Coh -7z, 7 / B/
FNZEESWZ FT B 7 7 2 U —S%#HBHaiE, 3 >OE%E 7 L— RO b, TFLL,
MFT BEOFT ¥ 77 7 2 U—(Zxhiis LTz (Fig. 3-3.B), & 51T FeFT1 BT FT %
PRI AR AR 72 R T7BCS Tyr85 5 KON GIN140 2 E A B0 FT X LRV 7 7 2 U — D FEARR
TR 2 i 2 T\ 7= (Ahnetal., 2006; Hanzawa et al., 2005) .

DNA 7 /v7wa >y NMopHrTiE, m—>7 A E£721% B & Hindlll {1t & DA G DEIZE
WTH -V IR &SN, £72, 7o—7 A £7213 B & Xbal 4k & O AADET
XL EF 2Dy KRB &7z (Fig. 3-4.),

3.33. FcFT1&fmF LD REF

Straight Walk Kit Z#¢17 C 2 JEEfEH LT, FcFT1 @ 5 B> 1,644-bp o Hfid 41 % Tk
E L7z (Fig. 3-5.), 5N 7-E8% %512 LT PLACE 7' 1 7' M X % v AFSI D EF
— T RBEATSTLRER, SN L OSHRRR ZAEE FRBUCET 22 < o v il =
VAV ERRAMENTZ, ZAbdx b A MZiX, DOFCOREZM (Yanagisawa and Sheen,
1998; Yanagisawa and Schmidt, 1999) , CACTFTPPCAL(Gowik et al.,, 2004) , & L O
CAATBOX1 (Wenkel etal., 2006) 3 £ TV/z (Table3-2.),

3.3.4. FcFT1 OREMEMNT

Rla 7nE®—4—%&gra A N7 7 h& ER-355-Q 7Vun®—H4—4Girar AT/
N AW EERERIZ LY, Z2HOBRTFEARMEES L, W2 A N7 N e
AW EERERN G, 3 DOMIL Lo WEEHCR 230, FcFT1 O A & 581 % fif
BT DL EBICERBAMAHE L2, PRl1a:FCFTL B L O EI2-355-Q::FCcFT1 il fm 15 AR #E
L, ENENBAER I Y TR LT B X238 HRSBE L7, 7, B HEARM
IREFAERAE L 0 BEH DR, BB le o7 (Table 3-3., Fig. 3-6.)
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Fig. 3-3. Similarities between the deduced protein sequence of theFT-like gene of Ficus
carica, FcFT1, and other FT homologs. Panel A, genomic structure of FcFT1.
White bars indicate the hybridization positions of FCFT1 probes, and closed
arrowheads show enzyme restriction sites (Xbal). Panel B, the phylogenetic tree of

the FT family based on amino acid sequences.
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Fig. 3-3 (continued)

Accession numbers of sequences used are as follows: FcFT1 (AB457620) from Ficuscarica;
AtFT (FT) (AB027504), AtTSF (TSF), (NP_193770), AtTFL1 (TFL1)

(NM_120465), AtBFT (BFT) (NP_201010), AtCEN (ATC) (AB024715), AtMFT (MFT)
(AEE29676) from Arabidopsis thaliana;

BVFT1 (HM448910), BVvFT2 (HM448912), BvCEN1 (HM448914) from Beta vulgaris;

CiFT (AB027456), CiFT2 (AB301934), and CiFT3 (AB301935) from Citrus unshiu;

InNFT1 (ABW73562), InNFT2 (ABW73563) from Ipomoea nil;

MdFT1 (AB161112) and MdFT2 (FJ555224) from Malus x domestica;

OsFTL1 (LOC_0s01g11940), OsFTL2 (LOC_0s06g06320), OsFTL3 (LOC_0Os06g06300),
OsFTL4 (LOC_0s09g33850), OsFTL5 (LOC_0s029g39064), OsFTL6 (LOC_0s04941130),
OsFTL9 (LOC_0s01g54490), OsFTL10 (LOC_0Os05g44180), OsFTL11 (LOC_0Os11g18870),
OsFTL12 (LOC_0s06g35940), OsFTL13 (LOC_0s02g13830), OsMFT1 (LOC_0Os06g30370),
OsMFT2 (LOC_0s01g02120), OsRCN1 (LOC_0s11g05470), OSRCN2 (LOC_0s02g32950),
OsRCN3 (LOC_0s129g05590), OsRCN4 (LOC_0s04g33570) from Oryza sativa;

PnFT1 (BAD01612), PnNFT2 (BAD01561), PNFT3 (BAD02371), PnFT4 (BAG12904), PNFTL1
(BAD27481), PNFTL3 (BAD22601), PNFTL4 (BAD22677), PnTFL1 (BAD22599)

from Populus nigra;

PtrFT1 (XP_002316173), PtrFT2 (XP_002334306), PtrFT3 (XP_002311264),
PtrFTL1(XP_002321903), PtrFTL3 (XP_002312811), PtrFTL4 (ABC26020),

PtrFTL9 (XP_002334492), PtrTFL1(XP_002328260) from Populus trichocarpa; and

WFT (ABF56526), VVFT1 (AB199465), WWFT2 (ABL98120), VVMFT (AB199469),

WMFT2 (XP_002281565), WTFL1a (AB199466), VWTFL1b (AB199467),

and WTFL1c (AB199468) from Vitis vinifera.
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Probe-A Probe-B Probe-A Probe-B

kbp) M OM%TO M HOMATO (bp) M  HOMATO M HOMATO

-

Fig. 3-4. Southern blot analyses of the FT-like gene, FcFT1, from Ficus carica L. in fig
cultivars. Fig genomic DNA was digested with Xbal and Hindlll. Two FcFT1
genomic DNA fragments were labeled with 32P and used as probes. Hybridization
and washing were performed under highly stringent conditions as described by
Brown (2001). Panel A, digestion with Xbal. Panel B, digestion with Hindlll. Fig
cultivars used were as follows: HO, ‘Houraishi’; MA, ‘Masui Dauphine’; TO,
‘Toyomitsuhime’; M, 1 kb ladder marker. Accession numbers: probe-A

(AB594722), probe-B (AB594723).
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Sl6A4 ATATATAAATATATATAAAATTTT
1620 GGATTAGAGAGTTTCTGTCCATATTTGAGAGGGTCCACAACAATTGTGTGTGTGCGCAAA
SIS0 CACTCACAAATATATATAAGTGTAAATGATAGACGTAAGTTATCTTATATGCCAAAGCTA
1500 GAAGCACTTTGTCAAAATGGTTGTGGGAAGTGCTTGCTCGAATAGGGGTGGTTCTGAAGT
-1440 GACTACACATATAAGTAAATATCAAAGAACAACGAGATATGACTAGGTGATTGAAATAAT
SI380 CAACAAATAGTTGGTTCCAAGTCATGTACATATACCTCTTCTAGGATGTATAGAATATAA
SI320A AATATATATGTATATATATACATGTGCGTCTTGCACTATTCATATGAAATTTTTTGGATA
260 TTTTTCAAATGTAAAATTGACTTTCATCCAAAAGATTGAACTATACTCAATACGGAATTT
FM200CTAACTTTTTTTTCTTTTTTAAACATGGACTTTATAAACTCATTGAGTCGTGGAGTCTAA
SIIM0 TTAATATCATACAAAAAGAGTTTTATGCAGAGATAACATTAATCATCACAGTGAATTATT
-l0BOACGAAGGTTAAAATAGAAAGTAATCTCATATTAAGGTGAAGCTATATAAAAATTTACATA
SO0 TTTATGATTATTTATTTACTTTTATGATTTTATTGCTCTTAATGATTAAAGAATTAGGGC
Q60 GTTAATTCTATTATAACTTGCTAATTTTGAACAACACACCTCCGACAAATAGCGACCTGC
S00ACATATTTTGATTCTTACAAACCCTAGCTAGCTAATTAGATGTATTTTGTTTGTATGGTT
S40GTGTGTGAATTAATTACGTACGTCTCTCTATATATATATACACACACACACACATATAAA
CTBOATATATATAAATATATATACATACTCATACAAGCACAGGAAACATATTTATATAATGAAA
SI20TTTAAGCGGCTCTTTTCAACATTAATTTGGCATGAAATTAGAAAGTATATCAAACTTGGA
660 AAACGTTTAGCTCTGGACGGATATGAGAAGGAGCTGATGAATTCGAATATTAAATAATAT
600 ATATATATGAGGGACCACTCCTCCACTTTACAGTTAGCATGAAAGAAGAAGAAAGGCATC
SOCTCACTATATTTTCTTATTCATTTATTTTTTATTTTTCAAAAAAGAAAAAAAAAAAAAAA
480 AAAAAAAAGAGAAAACGAAGGGAATTACTAAGGCCTCGTTTGGCTCTTGAGTTTAAACTC
420 AAAATTTTCATATCAGTTTTTATCTTTTTCTGAAAAGTTTTTGTCTTTTTCTAAAAAAAT
B0 TTTTGTCTTTTTTGAAAAGCCAACAAAAATTTTCAAATCAAACTCATTCACCAAACGGAC
00 CCTAAAAATCAACAAAAAGAGATCTATTGATGTGTGTACAAAGTGAGGGTAAACGCGGGC
240ATGCATGGAAGTGAATAAATAAATAGCAATTGCCTGATCTCTTGAATATATGAGCCACCG
-I80ATAAACTGTAAAAAAAAGAAAAAAGAAGAAAAAATAAACTTTCATTGGATTCTAAGAAAG
20 TTATAATATTATATAGTAAAAGTAGTATTTTGTTAGTAGAGAGGGTGGGTTTTTGATTGA
060 TATATATACAGATATATTGGATATATATATATATATATATTCAAAGTTCGAAAGAAGAAA

+1AGAGAAGAGAAAAGAAAAGGAAAAAATTH2S

Fig. 3-5. Promoter sequence of the FT-like gene, FCFT1, from Ficus carica L. The 1,644-bp
genomic DNA fragment flanking the 5’ end of the gene contains several putative

regulatory elements including an underlined TATA-box.
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Table 3-2. Cis-element sequences identified in the 5' upstream region of the FT-like gene

FcFT1 in Ficus carica L.

Signal PLACE ID _Site name Keywords Description + — Total
Dof; C4APEPC; CyPPDK; Core site required for binding of Dof
5000265 DOFCOREZM PEPC; C4; leaf; shoot; proteins in maize (Z.m.) 2 12 3
a key component of Mem1 (mesophyll
DE expression module 1) found in the
5000449 CACTFTPPCAL mesohpyll; CACT; cis-regulatory element in the 10 13 23
DE distal region of the
phosphoenolpyruvate carboxylase
(opcAl) of
S000098 ROOTMOTIFTAPOX1 root; rolD; Motif found both in promoters of rolD; 11 12 23
ASF-2; GATA box; Cab; e .
S000039 GATABOX chlorophyll a/b binding - A Metif in CaMV 355 promoter; 9 6 15
. Binding with ASF-2
protein; leaf; shoot;
GT-1; light: TATA:; IC_or:]tsensui (tBL'I binding m;eéggw?ny
5000198 GTICONSENSUS  TFIIA; TBP; HR; SAR; JN-Teguiated genes, &g, rom 6 9 15
TMV: leaf: shoot: many species, PHYA from oat and rice,
T ' spinach RCA and PETA, and bean CHS15
S000067 MARTBOX MAR; SAR; T—box; Mo_tlf found in SAR (scaffold attachment 1 14 15
scaffold; matrix; region;
. . hata.  OnNE Of two co-dependent regulatory
S000245 POLLENILELATSy  Pollenlats2;endo-beta- o ocponsible for pollen specific 9 6 15
mannnanase; MAN; -
activation of tomato (L.e.) lat52 gene
. "ARR1-binding element" found in
5000454 ARRIAT ARRL; Response Arabidopsis; ARR1 is a response 9 5 14
regulator;
regulator
5000028 CAATBOX1 CAAT; legA:; seed; CAAT promoter consensus sequence 3 11 14
found in legA gene of pea;
"GTGA motif" found in the promoter of
5000378 GTGANTG10 g10; Pollen; pectate the_tobacco (N.t.) late pollen gene g10 4 1
lyase; which shows homology to pectate lyase
and is the putative homologue of the
napA; storage protein; E-box of napA storage-protein gene of
$000144 EBOXBNNAPA ABRE; E-box; seed; Brassica napus (B.n.) 5 5 10

MYC; rd22BP1; ABA;  MYC recognition site found in the
S000407 MYCCONSENSUSAT  leaf; seed; stress; CBF3; promoters of the dehydration-responsive 5 5 10
cold; CBF/DREBL; ICE1; gene rd22 and many other genes in

ACGT sequence (from -155 to -152)
S000415 ACGTATERD1 ACGT,; etiolation; erd;  required for etiolation-induced expression 4 4 8
of erd1 (early responsive to dehydration)

"GT-1 motif" found in the promoter of
soybean (Glycine max) CaM isoform,

5000453 GT1GMSCAM4 GT-1 box; K 3 5 8
% SCaM-4; Plays a role in pathogen- and
salt-induced SCaM-4 gene expression

S000462 NODCON2GM nodulin One of two putative nodulin consensus 5 3 8

sequences
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Table 3-3. Phenotypes of transgenic tobacco lines expressing constructs containing the FT-

like gene, FcFT1, from Ficus carica L.

genotype n Days to flowering® leaf number” plant height
Wild type 15 62.6+0.9° 22.0+1.5°  53.9+1.3°
PR1a:FcFT no.3 14 45.5+0.9" 6.1+0.4°  30.4+1.2"
PR1a:FcFT no.6 15 44.1+1.4° 6.6+0.9°  19.2+1.4°
ERQ:FcFT no.6 10 39.6+1.3° 6.8+0.4°  30.0+0.9"

8 Days from sowing to petal opening (+ SE). #Number of leaves on 70-day-old plants (+SE).
a, b, and c: significantly different from wild-type Samsun NN (SNN) at 70 days of age
(Tukey-Kramer method, P<0.01). All plants (T2 generation) were first grown on MS

medium and then transferred to pots containing horticultural soil.

wild-type PRl1a::FcFT1 EI2Q::FcFT1

Fig. 3-6. Flowering phenotypes of transgenic tobacco lines expressing the cDNA of the FT-
like gene, FcFT1, from Ficus carica L. EI12Q::FcFT1 transgenic plant (T2) (right),
PR1la::FcFT1 transgenic plant (T1) (center), and wild-type (left) plant in pots 49

days after sowing. Scale bar =9 cm.
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3.35. FRAIZEITF D FcFT1 mRNA D3EHAR

FCFT1 mRNA OFHL L ~VFE TR b E <, MOMFICBIT 2HBEILIT LALLM T
7072 (Fig. 3-7.), HM OB OYELE =222 3 BT (Fig. 3-8.) TiX, %
1-6 FiCHBWTH 7-10 Hi L ¥ L EV FeFT1 mRNA LULABIER STz, Hif s sh
72 FCFT1 ZEHLL~UL & ORIZERD BN D AOMBEBERITA B CTld o 7z, BEOZEH
ZACEA L TIE, BHL-~UUE 5 AlIcaiic EH L7tk 8 AT LEAEZEKT, TD% 10
AT T L, L~V EORELDK 5 7 AMGRD b, 7HE 8 HADRB L
AR bE L 727z (Fig. 3-9.), O AR L TiX, £ HZ%M(16L/8D) & H
1 (8L/16D) T & DIC K& 0281370 <, &6 0 LWWIBGME 12 FEE B IZHEBL O B —
7 M &, —05, EkEEY (DD) T TR BUIE/ARRETZ2E LTz (Fig. 3-10.),

=
~
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1

o
oo
1

Relative expression
(FCFT1 mRNA /Actin mRNA)
o o
B ()]

o
N
1

—_ I

<
o

leaves stems florets receptacles pericarps

Fig. 3-7. Real-time RT-PCR analysis of expression of the FT-like gene, FcFT1, from Ficus
carica L. in fig trees. The bar graph shows relative expression of FcFT1
normalized to Actin. Leaves, stems, florets, receptacles, and pericarps (at the
young fruit period) were collected from a 3-year-old ‘Houraishi’ fig tree. Error

bars show SE (n =3). Error bars for stems and florets are subsumed by symbols.
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Node number

1 —

0 0.2 0.4 0.6
Relative expression level
(FcFT1 mRNA/ Actin mRNA)

Fig. 3-8. Expression distribution of mRNA of FcFT1, the FT-like gene from Ficus carica L.,
from each node leaf on fruit-bearing branches of fig (‘Houraishi’ cultivar). Node
numbering is from the basal node. FCFT1 mRNA above a threshold level was
observed in older nodes that bear fruit earlier (corresponding to the 1st through
6th nodes), while little or no expression was observed in younger nodes that bear
fruit later (corresponding to 7th through 10th nodes). Error bars for 8th through

10th nodes are subsumed by the symbols.
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Fig. 3-9. mRNA expression analyses of FCFT1, the FT-like gene from Ficus carica L., in fig
(‘Houraishi’ cultivar) over the 2011 season using real-time RT-PCR. Each point
represents the average of values of the 5th node leaf positions derived from three
biological replicates (22 to 24-year-old trees). During seasonal variations,
expression levels rapidly increased in May, and continued increasing until August.
They remained elevated for as long as 5 months (black arrow). Expression levels
then decreased until October, when leaves yellowed. Error bars show SE (n=3).

Error bars for March and April are subsumed by the symbols.
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Fig. 3-10. Diurnal expression pattern of mMRNA of FcFT1, the FT-like gene from Ficus carica

L., in fig (‘Houraishi’ cultivar) under various photoperiods: 16-h light/8-h dark,
LD (16L/8D); 8-h light and 16-h dark, SD (8L/16D); and continuous darkness,
DD. Black boxes indicate darkness; white boxes indicate light. Leaf portions from
the upper halves of mature leaves were used for the analyses. Leaves were
collected from three independent clones and analyzed at different time points.
Error bars show SE (n=3). Error bars for DD (24D) are subsumed by the

symbols.

34 EBE
34.1. TEFZLDFsRME
Vra, 7Ry, IxpEL ORBTIE, EFITREEYETIER L ZORMFEIZOET
% (Ingel 2002; Koutinas et al., 2010; Agaoglu, 1971; Yonemori et al., 1993) ., #ilx XV
AT, EOIFIETIEIZ S LIEOBF AR SN D DITERTH H, EdD
FFEY A 7 V1T < OE 9—10 » AW T % (Koutinas et al., 2010), 1 F ¥ 7 {EFD 4
R IIARP & 2R (195D 12 L - TR S 7=y, 2 O FITITRERAHE DT bz &
TET DB RGN, ABIFZE TIEHE 2 0D TH 2 53 ZERR T AE T OFFEITRR D b AL 7s
WZ & (Fig.3-1.D), FHOMERIZOBRF LWEFO b xR T 52 & (Fig.3-
1LEFG), HAIDIER Do btz 2R MIMIZE o THRERRIICEF O kBB sn s 2 &
(Fig. 3-2.) MW SN, T D OFERIT, ERFEL L OMEFOMENFER YHED 5
AURBIZOARERZ Y, TORIIEMBICE > THEF/MER T 52 2R LTV
(Fig. 3-2.),

-42.



3.4.2. FcFT1 D4 ) AEEH| LR

AWGNIA TV 7RO FT 77 2V —BRFICEAT 2RO HRE TH D, FCFTL = —
R4 27 2 BRESNIEEmMO Y > = MdFT2 (Kotoda et al.,2010) & fix HFE{LL L Tz,
DNA 7V 7 1 Ry HrofE R, Xbal B2 7 v — 7 BFINICFET 57 v —7 A &
Xbal b & DMHEFZFRWTITHE -V R SN, LERST, A FTV 705 )
LD FFTLIZH —a =L B2 bR 5, MY ML 3 MERT TR U TH o723,
Wi R—7 12 ORI TRO N KA 0T M & L XARO0D L TR
STV, ZORERIE, FeFTL BEMEIC B W CREM SN GFET 52 L 2R LT
%o 3MnAEMICIE FcFT1 cDNABLHI & & RARRUTITIEWTRE O b\ b, RS
NI RN T IE a2 — RIS OB THSREIC B 2 5 X 70 WO R & HEE S 7z,

3.4.3. FCFTLIXfERiRERREZ AT 2

PR1a:FcFT1 # & Y EI2-35S-Qu:FcFTL Dilia > 2 v T 7 N &E A Liz & N2 P tnf
KOFERE LML Co AL, 3, BIOEE, AR L i L T Lz (Table
3-3, Fig. 3-6.), S 52, FCFTLBERHA Y N aliy v — VIEESM T Th/ oL >
<V, DBTHARIZ S Dl o> TLE LRI E Z R Lz, ZORRIE FeFT1 28
0 A XFRFRLE DOMOREH D FT s+ (Kobayashi et al., 1999; Endo et al., 2005) & [A]
FROAEBAEHERE Z PR35 &\ ) BlfE/eiiE il CH 5,

344, FCFTLIXETRIEL, ERMICHELTS

BRI T D FeFTL BLL UL, EBIORETHRHINZLLED E 30
P k@< (Fig. 3-7.), & 512 CACTFTPPCAL 72 ¥ D% < OIEIFF R BLE T — 7 )
FeFTI EFSgic sz i &7z (Table 3-2.), L7=43->TC, FCFTLIEv A X+ XF FT
& A4k (Teper-Bamnolker and Smach, 2005), FIZIETHEEL TW 5 LHEE SN, H7rd
(2, FCFTL I/ BEMBIL T\ 5 MAFT2 (Kotoda et al., 2010) [ Z/AEGARE %2 LM 3EHL L
W5,

A F 27 OIEFILIALE O BALHEI~ &35, FcFT1I mRNA L ~LiX, EALoO#
Wi B 7 2258 10 /) I2HART, FOFEZHETLHHWE (58 120265 6 8§) TR
o7z (Fig.3-8.), Z OfERIIIEF0b & FCFTLRBLE O OHEREZ R L T\ D, L
L, @HERLRVERE CTH FeFTL RINRBD DL, BFREINLE FCFTL A% 5
FTHE LTRSS L T o Te, FT B FOZEM AR &2 T RS2 — 1% b
~ hTHHE I TS (Shalit et al., 2009), TALHT TIERBREERED L 0 #17 L T
BH1-%, REMEOREN FCFTLREOMEEN TH L REME LB X DD,

FCFT1 mRNA LU TEIEEHO 5 HIZHEML, 10 HET—EU LOKETH -7
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(Fig. 3-9.), HIEHIOBREISAE T TIE &M NRMIEICHO > THERL (Fig. 3-2.),
MR 78 FCFTL RBEBUIHE R & L AHE LT D, 5 AT FeFTL R L~ULasssin L
b 5 D &[RRI E A ORI IEFENR kT2 2 & b, FeFTL 388l L B0k & DRtk %
XFFLTW D (Fig. 3-9.),

3.45. FCFTIHBONIC L 25HE

FCFTL IR ARMB LI OE AR TIEI—E LV 2B X 2 RBEDRBO HLAT-DOITH L
T (Fig. 3-10.), #EfEREH T TR LA RO oo To, ZORERIT FeFT1 OFEHEL
MHEHIZ L > THFEIND 2 2R LTWS, AMBIMAEE HIC FeFTL JHLE 30
Lk, BB EWIZE FeFTL BELENZ N L0 5, FeFTL ORBUIEIZ L > THE
PECHIE Xdu, HENZVIEE FeFTL BN EH3 2 "lfetE2 @ (Fig. 3-10., Table 3-
2), BT, FCFTL O HEARB L — BN H BRI L2 &1, B ERRINZE
IbT 220 6T FH 48 U CTEFNICHBLT D FeFTL ORBINF — U 23 TE
% (Fig. 3-10.), FCFTL I3 EMISEMEZ A L TR WRREMER H 528, R L~ Lo
— 7 BNHHIBAE D 12 B LR 2B IIAHTH DL, L ORBMIE, XENLE
FCFT1 OFRESIE DR O FHND 72D tFZ 2 b5,

WL A F V7 DERLEDBRICONVTIE, ThETEL O ERDH D, il

LR (1995) 1, m%ﬁ%ﬁ i%lzmiwﬁufff® MEERER AT — |
(9 2 mm, FEIFELFPARX) IZBFELAAWZ 2R L, & 5ICHEEROHNIC

<, %%_&ém_ﬁﬁéiwéf , REORE - TR, BIOKREOH 5 %i@i
ML CORERVBENT 2 Z L2807 (A - iR, 1995), SF& 5 (1998) 1XEEHIC
8.5-KIX D 14-h DNHEZ4TH Z LI LV, FRIZHE 5LV ML CERENHIMTHZ &
EHE L, INHOZ X, HICED FeFT1L OIEMHELRERCAEF O LI R AR T
HHZEERBL TS, —JF, FEDH (1998) 1FHE~? 10h & 14 h O H EAFEEM:O
MICIFERBIZET 2 EZDRRBOONRNWEHE LT, LEER->T, —EEmLBATIED
HIMEIE R OBIMITER LW EEZ ONRD, KARICE WV EONDFEILEDIX, A
FPIDOERICEELEZ LN TWD (A « 7oAk, 1995; F/E 5, 1998; Flaishman et al.,
2008), D Z LiE, HAEE FeFTLIEMALOW S A3 & W S [Al— O FERIZ L - THHEI S
NoHZECE#E L ThD s LitZen,

AWFFERERNL FCFTL 34 F 27 OIERIZB W THE R DB T Th D 2 & <R
LTCWb, ~"77 (PtFT1E L O PtFT2) (Bohlenius et al., 2006; Hsu et al., 2006; Hsu
et al,, 2011) & F#%¥H (CiFT1, CiFT2, CiFT3) (Nishikawa et al., 2007) 28\ Ti%, =
o FT RBIRFAZEICETSINDDITFEROS> Lo 1, 2 » ARl TH L, VoA
O MAFTL TR IRIZELT 523, FBIY— 271X 7 A& % (Kotoda et al., 2010), i
FERHESRMIC L > THIEI S5 v a A X XF 0 FT(Greenup et al., 2009) 3 L O F D
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Hd3a (Kojima et al., 2002) |Z4FE DI S IEPEIL S D, FeFTL CfofEHFED FT
B ORBE AN = OEWVCERTHIE, A FP70a=—7 bk « &R
FCFT1 ORH - ZEMBBUTERT b0 RSN D, b, A FV7IZBWT FeFTL
LISMTHERE L T D FT BBBHG T DIFEIC DWW TIE, AR TS MNICTE o T,

L%, Bl FT BRBIE T RRE SNTZHAEIZE, T 08B FE A4 F V7 iEFmb e
ORfRE HERGET 2 LERH 5,
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FAE BREBER

F2ETIX, A F V7 ORENE L ZOREMEL 72 5 AFSRE O BIRF AR I A 72 5L
B IR O, BIOA TV 7 OFAERIIIERD S D HEEEE 7R D ON A HE Rk
DG T 2B TREORIE L HIOIZ, REICHIT BB T REOMBEIIMRHT 217 > 72,
Kagt 71,455 D=V —2 v (19,166 DT 4 7L 52289 DTV R L), R
BORFRICFE S =F L URENE, BERE, BXOURE « BRRNOT v by T =0 OAED R
FRRFC B D 2 BI5 T2 S HAE Lz, AR T, GO ¥ —AnfilcHE/RE
BRRD ST, AR OSUICBE D BT ITHR DB TH D LT HROFBRE X
FFLCW=, — 5T, BAEEAESCHARBEMEICEEST 2 B2 b5 BB T OREEDIC
A RERUR CHREEA e BB ST R S 4, ZofMic b7 &b SEOBMETIZHE W T
KB L~V H D VIIREED YA ADOLRRRD LT, K cloniza=y—r7
— 2B XOVERBRBE ORBELRIOERIL, F 27 REASCARR OB ER O
RICARTHY, ARHBELEETS DNA ~—H —ORFIE L L TER~DISHN
RNTHIFRF S D,

AFFETIE, A TV DOADOEREMD S LigbEWEKRIZHD TV 7 7FE)
& REEfE ) CoMfEE AW, O &I, AT VY TRA & 72 DR e R BB s T
HEHRESFD BBV TA ThH oo, —FH T, HEIEEESCHAMEIEORIEICRES 925
BEFEHBEICRVIADICIIEL R o7z, ZOHEBE LT, FERBMEZNAKRTLH
—EE O TH o2 b, BfFY — RERD o2 e ohd, 5%i%, fig
Prdrel (GfE - Rit) ZARAREICEIE 72L& LI, T35 — FEEHESOL TE
R L BE T 2 2R ORI E A2 @O L Z EPNETH D,

AL TH: DT EHIEHIZ K - T, SNP X SSR % d DNA ~— I —D¥fli, B LU~
— A — %R LTk 2 7o R FETHE & OESHMNT & FTREIC e o 7o, BRICEE 1RSI W4
FIFH LT ‘caprifigs085’ & ‘FEEAMN MTEAM AR 100 BL Lo SSR ~—H —#BHFE L
T, EEHXERIZHNT WS, Fk, 4 T2 25 ) AESIERPFIAATRRIC 240,
EDICEHER R X OGRMFICH KT 2 BB TR BB L O LB OIERIEHT KR
Edl c mELESN, A F V7 O RIFEICET 5 BRI R X < Ik 5 & i &
o,

% 3ETIX, A FV7DORE (JEFF) OSEHIEA I =X L EH 2T T 57201,
A F Y27 5H FLOWERING LOCUS T (FT) HRiE =z 7o HEEL, ZOMRE, FE, BIW
B NS — BT, B SN 8 G FCFTL I, A F V2757 ) AZH—~Oa B —3
FIET D2 L, FICETRIT D 2L, WEHERY NaDBEa2RET 2 2 L PR TE,
FCFTL A T 27D FT#In 7 7 2 U —0O—2Th D LR EMEZ FFo 2 VMBI L
72, FCFT1 mRNA OZEf), FEEiMFEEL 2 — I (b BLEE S D3 OmRE &
LG L, BEAZEE/SZ— 1% FeFTL BN HRISEMEE A ST A~DISEEE R L
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72D, FeFTL ORBINY — Nl Ko TA F V7 Oa=— 7 e RFEZ B TE 5
ZEBB NIRRT, ATV DOERENEOBRIZOWTIE, # & RA (1995)
RFED (1998) B L TEY, FCFTLNA T2 27 OIEF3LIZEEE LT % rTREME 13482
DTE, 7272 L, FeFT1 BEF4 b DR E FR T db 2 BEHER 72 5EIUEAS 5 7o DI2IE,
FCFT1 DR BLZ I L7256 OF oMb 2 s T 2 F D E R D MGHEXEBULETH D,

AMFFETILEIS FeFTL &6 & OBIRARNT L7y, FcFT1 OFBLENHIfIIZ L - TH#
BRHEND, BEAT—Y RBEARRE), 720LEENERICX 2HEHGZT 5
ZENBEEIND, TD XD et A R LR B E IR & LT, Hiraoka et al. (2013) I
vrA XS X5 D TSF (Yamaguchi et al.,, 2005) Z#E LT\ 5, TSFI1ZEH &M FOLE,
2O NCELH S T OME L72IZB W THEREO b, FT & L TIERk & Mo
FEEICE S LT\ 2 (Hiraoka et al., 2013), Jlfs L7=8EICBWCER - MHOWEMA T T
FELFRD LA MEEIX TSF L RIEEIC FCFTL THRd bbb, A F V7 OfbFridibihit
SHIEN A LTIRE oo b O TH O EREFLMITIIME & MEOBRETHLZ L, B
K OWEEENLNC DAL NEET D D, FeFTL X TSF o4 — Y a7 Th % alfelt
WNE, BEICHIOFEEBRN S, FCFT1RBLL ~UL L HEFEOsMME » FEERERE & sV ERBI 2N A
HEnTnsg GEE, KREE), UEoZ Lnb, FeFTL Xy A XX TSF LIEEEIZ,
BHINIZ I T DD ZE MBI G L TWb B X b d,

AFT7OFEMTIE, RHEENRITBWTREDOEZSTOSBERHEOOND, ZDXD
RAERMEOE N, A F V7 OLFENE, WEEHICERET L HEEREO—>TH L0, 4k
BB OI L 7o o TV D HEARERMERE OB WCER T2 b0 L, MR T 2/EFD
SHAEREN 8 2 WXL O 2 ICER T 5 b DO H D, EFOSEIALA FeFTL ITIKAF
LTEY, %ZFOHEKITEKRT HREOEEHOELDN FCFTL OFBUZ L - THPITE
L7p 0, FCFTLI/AEENE, WEMEZHBITL-00~—h—L LTRHATE S, —FT,
FE R OO FEEEN OENCIE FT 77 2V —OFHIN+THS TFLL 7 7 3V
— (Chung et al., 2010; Hanano et al., 2011; Yoo et al., 2010) D5 L HE I N5 7= 0,
FT/TFLL 7 7 2 U — 2R E BF R E OBERIZOWTERFT 20 E R H 5,

PLED X SRR T, REME, ABEO M b NEFE « ERMEEDOA F
VI RFECBITLHHEEICE L THIZ 20 FREFHMANH O E R oTe, RIFIETH
SNTIBEREMRAEZEN, ERIRBSELZLICE-T, 5B BEEICBIT DA HAFEE
WIZHZN 72 DNA ~— I —OBFENAHREE 72 0, MAS %50 BRI LS 728 i -
I A TV BROERBUCRKRE S BRTES b0 LSS,
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W =

A4 F v (Ficus carica L.; 2n = 2x = 26) 337 HZ UEA F V7 | OEAKREIERE T
b5, ENTIHEREEICBITS ‘Lhao0n HoFREZEEE LT, TERZP.LIC
A F 27 BEREOMWHHIZRI O AP TON T WD, LML, A F 7 ITARREY - KEME
EM T 5o, FAEREI O RFEVETME CICHFELET L L, HAELZVDOER
EREDN R E S EFHMIIZA R BSGEE L BT 5 2 L8R, SRR OENICERE
EHED D ETOREL > TS, 5T, 2000 FELAKED DNA v — 7 =2 A O R E
723 BIZE, 7 MMEREFIH L TENZNOEERDO RO E R & A5 18 <3
T 5HHEI, 725 DNA ~—F—iEE T (Marker Assisted Selection: MAS) 23k 4 72
ECHEMAEIN2OH D, ORI BRERIZEBNTA F V7 OFREIZENTH MAS O
BANFGHTHD EEZ LN, TOEDIITARABEICEMT S DNA ~—H — OB
BBETH D,

UEDBRENOARFIRTIE, A F V7 OFMED D WVITAEEDOHHEIZE W TEEEN G
WEEBZ BNDRENE, MO, Tl - EREFEORFICHEET 5 FEPY
CEBEEEH T 5 DNA ~— I — OO0, T O L e 2 BB E T ERB L O T
BRI MR A0 & R AT,

F2ETIE, A F V7 ORFEWE & Z DML 72 5 A BERE O BRI A e &
Wy TR OMER, BIOA F U7 OFAERAICERD b D HEEE A7 b ONT B 4 5 Rk
DG T 2 BB FRORE Z BIZ, REIZB T 585 B OMBEIRNT 217 > 72,
BTN T 4 TREE RO RFZEORMA S — 7 = AT X0, $REF 71,455 D=
— %y F(19,166 DT 4 7 & 52289 DT kL) AL, REGBRRICHE ) =
F U UGB, BERGE, BLORKE - BEOT VM7 = ORREDORERMED D
AT % ZHIEE Lz, MARMOLE T, GO ¥ —ANMICHRBRAERNED LT,
ERERI D UICBE D 5 s TIZ LD TH D LT HERDFERE I LI, — 5T,
AL A A RS AR ICREE T 2 & 35 2 O DR T DR G FEM I I3 RER R CHREHMM 72
SRR S, TOMICH D7 L b SHOBMETIZBWTIRE L~V 5\ 35
BIED YA AOERNEO bz, 2=V — 05 — 48X OVERBKORIL B OFRIT,
A F V7 REABSAERI MO BBNBEROMIICAERTH L LB 2 bz,

% 3 ETIE, kAT VBB (FT BE1) SErZ0 EERM (2B 2%
WBUT, A4 F V7 OEEMIZELS Bb 58 (RE) O bEEOMA 2R Al £34
FY 7 5 FLOWERING LOCUS T (FT) FRB =T A4 HEEL, ZOre, Rk, BIUH
BRE = N, B ST E5F FCFTLIZ 4 DD 7 Vb 35D A 2 b
OIS D 2R 5,1750p OBIE T THY, A F V77 ) AMIHE—Oa B —NFEL T
7oo FCFTLIZEICETHI L TV, BEHEHRY S0tz eET 5 L5, FeFTL
WAFTI7D FT B 77 IV —0O—>2ThVERMEEREELR>Z &V LT,
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FCFT1 mRNA OZEMH « ZREIRRBLO MM TITHM O EALEIZ R P OB TR L
NANREL, 25 ALK ET TEMFRENBIZ SN, R MEBNBE S5
PRI & FeFTL ORHMN L < LT e, U< BEEEMT CIIE A&t L8 A
MO X THIBRLAD B O FeFTL BE L~L 0 EREMEIE S, FcFTL OY6Hlg~0
ISR R LT, DLEDOFRERIE, FeFT1 ORBARYZ — N2> TAF V7 O FALND
LD Ao TREZ BIC L Tl T 2= — 7 B R LZ B TE 5 2 L2 L
THEY, FFTINA FV 7 EROEBIRFTh D Z & Zim < me L7z,

AFFEIZENTH LN E R o T REME, ARB O b CITEF L - 5 R E%
DA F V7 BREICE T DHPEICET 2872720 T3 aFmAE, REOFHPE L&
257200 DNA ~— I —OBBICHHAIEETH V, MAS OB EIRIZE S\
TR« RN IeA TV 7 EREOFEBUCKRE BB TE b0 L HIFfF S 5,
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