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Y (Passiflora edulis) ODBERMEERFEMNDNAT—IH—DERFH

FILEE ' - KEREFE
- IEHSFEE -

- BTAREAS ? - ik E L
B i TR

TR Hh, *

1 iR e v 2 —
2 R EREERTTE Y o & — A ST
3 IR AR K PE B R MROK PERS BS TR
4 PR SEL R e S —

Z 8
Ry a7 —" (Passiflora edulis) OBEFEONFE(LDOTD, HFEMEMEEEFL DNA ~—H — O E1T-o 7.
HZMATED R 2-4-4 (FEA) & 7-4-23 (RA) OAEUT X 0 57- F1 -1, BFMEM L B FEARAAMED AL 3:
1&£720 (p=0.44), ZEBIIRTEMAZAMAMETH D LHEE SN2, KICHRH 2-4-4 & R/HE 7-4-23 OZEIZ L 0 15
LT HFEMAETEFI B L UOHZEAfMAEMEFL /317 DNA % F\V\C, restriction-site-associated DNA sequencing (RAD-seq)
FENT 24T > T2 555, 6300 T LI EORAD % 7 M3 b iz, 0D, AFZ AR R RAD ¥ 77 SC22360 2345 5 11,
WEEE S ) LELFN DN D SC22360 & WA ME 22 75 9Bl 51 2 5 T contig_158866 7345 H 417, SC22360 & (A 22 Bl o &0
REIC B RN T T A ~— % RET 5 2 LI XV, PCRIC L » THIIR T 2 A 3 L OB @ B E AR 5H DNA ~— 5 —
(SC_In/Del) %##%7-. SC_In/Del 28 A & B DEITAZMAENM, B & B OKREDOLEITHFZRMEME L HHT 52 &
T& 7z, BREERCHEHATE 20RGET 5720, 3 DORALFEALR 364 HIRIZONT, i SC_In/Del B % i~
TofRER, 286 A HERMEME L HE SNz, 610, BFEMAEMW L HE Sz 209 AR ZRECHEE L, REVULAM
EL7=L A, SC In/Del Bl E FKHANIHI 3% T—H L. EDOZ Enn, Nyvar7i—y0RFMEMNFEN
DNA ~—%— SC_In/Del 1%, BZEMAEMEEROBERBKIIEATE %

¥—U— N :RAD-seq, HEARFEN, laTENAREME

#

NyvavIn—> (47 %4%€ /) vrA4 Vv,
Passiflora edulis) X, WEXEZREEL T DL N7 A Y
7 £ (Passifloraceae) @ > % PEHE M T, HEHN DK
HEzET2LATREDTHD. REKIE, Y —
KT, MEBOFEFLHB TS E2EHE LTS,
ARSI TIE, ZFRAOY 2—22Y v 4 - FEA
FELTHAEND. WBREO NNy a7 Lr—
DI HE B E, 2015 FEFE T3t TH Y, SLih & B
MR SIS ERNCERE ST WD (PR IR E AR K 2
H, 2018). Ny g T —YDOREBEIZHOWTIT
EEZMAOLZETHELONTZZL OREBIFEEL
(x5, 2005), RMEMICEBEIRLTWVWADIXIZE
NERMRTH D (IHBEESHE, 2011).

Ny var7Lb—Y0BEBERIZIEK, BEOEHR

TEMEMBRSLT 2 BFE A & EEOER TAL
THELELTLIAEZAMAMEOLONRFET D
(Régo et al., 1999). HFARFG MO MR Tl
REBIEODH D MEELRETILERNHY, HRE
MAEMO RS LT 5 & ZHIEEICE < OREF A
DInDHR EHIEEREANETBH R LIEERH DT
W, EEBYS CIIREFEEOE LB A D BE
fEEoMENRRD LN TND

Ny g V7= IIAR B ORI & B ITALE A T
BNTEY, HFrxRhEREEZFEOMAEOEEER
DITLNTWD., TETIE20RENOEBENE
WA T 7 v FMEWFEEHEEFEICB VT,
HEMAEMETERMEORWE WM L2 B AL
LTHERENITbRL TS, BREIIZEICEL-T
Thhsn, BRMAEMBEEOBHEZNRTLHEEAR
EMEEEINET 5. BERMAEMWHEIX, Er
DFEIENPOERFERETHIFEOMBE2ET . M
2T, BEBMRIIMRBIB CEMBMEI NS =D, i
FTARBIZIBO NS D2 s, THEEE TICHEZEM
AMEEEEZHNTEDHENRRDENTND. BH
HMicBEmMEMN - RfGMHELHETE %5 DNA v —
H—rwERETEE, BERMEMEMEED % mhEo

[BRONT-HRICEE T2 ENTE D720, s
&mwﬁﬁiﬁ@ﬁ PEERAERT D 2 L DN
5.

WO BEZAMEMHE, B () OB E
@%@T&méﬂéﬁﬂﬁﬁiﬁ”ﬁ%fﬂl P&, B
ThosMlFE 2n) TL-oTRESHL DT HR

HZEANME éﬂffb(%K% 2011), Z Hix
4%%’sk%£éh5#o@LM%Efﬁﬁé

N, TOBEBTFEIZIZIZL OFSIBETRNEFEET D
(Madureira et al., 2014) . BB EA B Z AR T &M O Y



& LTH 2% (Solanaceae) X°/3 7 F} (Rosaceae), fu
FHRBMBEBFERMENETIZT 7 7+ # (Brassicaceae)
L% 7 Bl (Asteraceae) 72 EN M HN TV D, RNy =
TNV OHZFRAMEMIE, AR AT
DO2RFHIETHDZ ENRHE I TS (Suassuna
etal,2003). FABMAEI A FZAFEMET, SV ERF
CEBETFROEH TEZBEMTbT AMEMHE 2

D, BMTEBEFEAFAEMETIEER ST Vo S %t
SBETNLENEOS S, BREARAE & 72 5 (Hiscock
and Tabah, 2003) .

TR, KR =7 o —0BBITEY, 2%
VRARXFTRAFRERYT ) AR SN T VA
MOKREET, 7 AEBRPDIRVIEET LY
BWTH DNA ~— I —BA% % v HE & 9 5 restriction-
site-associated DNA sequencing (RAD-seq) 1575 BH % & 11
7= (Baird et al., 2008) . K £ TIEE 7 LAY TiT
DNA ¥~ — 7 —BE P HNETH - 22, AFIEICE
O, =4 Y OHER B DNA ~— % — (Matsumura
etal,2014) X2, XA T v 7 kA B DNA
~ — % — (Urasaki et al., 2015) 72 £, #kx 72IEET
NMEW TDNA~ — I — BRI TWVD. £,
EHOBEBFZEMEMEDNA ~— 7 —IZB W T, =K
> F ' (Okada, 2015) A4 v b 7 (Ikeda et al., 2004)
mEDNTFAEY) T H Z A P AE K 2 R T RE 7
DNA~—H—MNRHEINRTWDIN, Nyar7
= BEMA VYRR E) 7 DNA ~ — 1 — O WA 1X
AN

AHFZETIE, HBOICBFEMEEORKFE DL
Blic kv FIERMZEMRL, BEMAMEEEKEBER
RRAEMHEREEO B S, MO R A
NEEEE BT EREO LS5 THDHELTE.
% O % RAD-seq i #T % F2 i L, H F & M kr =i
DNA~—7 —OBRRFBICWMVMAL. SHITHEL
7oDNA ~— % —Z BHEMIZEH L, DNA v — 0 —
DERMAMEDIEEAT - T2,

HHRBELIUEE

HEMBELIUVCBRMEEREE
BEMAEMEOERRHKI ZHA, AFAMEHEDO#H
FRMHBl ZRXAL L THLNLHERL LRI
FEHFEFMAEMERM 244 B L7423 2B H & L
THWkE. 2L TC244 2R, 7423 XKL LT
Bonicas @EO F1 2 EHCH W, AN LR IT
BEFIRE X —AEZFTITEB VT 2014 43 A 20
S4FhiTirTo . T REARICHER L Z 244
DIIZHONTIE, ZEETICKREEZIT 7. BN A
D 9:00 ~11:00 IZRXAKDFHEE &y FTHILL,
BAOEFHICZH L. 5N EFIETOAFEM

AEMEFELIBEZEARTEE 2R T 52 OEE TR
L7z, 0%, SMEESTEU EICHEZHET W,
SRLUEFRLEZFIOMEBEZEMEM (SC), £-
T ER LD o EAZAMAMNE (SD & HE
L7z (R1ObICHERELTCRE). TokELN
T2 BEE S, W OBRTREHTEL, BFEAM
AN EEEAI O EL L TH D0 HEE
L7z.

DNA #h i & & Uf RAD-seq & #T

2-4-4 L 7423 @ F1 4 f#l {& © DNA %, HENDH
DNeasy Plant Mini Kit (¥ 7 7 > 4#t) % W CTHi L
7-. DNA ZHiti#%, BZEMAM 36 EED DNA & A
FEARMEMIEAD DNA Z#ZNEN ANy (RE
L, W#H & 25D, 7 DNA @ RAD-seq fif T % &
fi L72. RAD-seq 7 4 7 7 U — @ i 1%, Tru-seq
DNA PCR-Free LT Sample Prep Kit (Illumina #£) % B\ 7=.
DNA @ EIWriz i, §iIBR % 3% Msel & Nlalll (NewEngland
Biolabs ft.) W/, T4 773V —Dv—F v
¥ 7% HiSeq2500 (Illumina £k) % AV, X7 = R
=y (100bp X 2) TEMLE. Bbh
Tev—byvyv T —21F, 74V T 4 Aa7Iic
S&E, £V —F03 Kb 30EEEHIEL, 70
bp VY — K%ZRAD ¥ 7 L EFE L7z. RAD ¥ /¥ &
HEx 4 7V LT, BEMGHEICKR
B7e RAD # 7 % 3%k L /=,

BERMAMBENMRD 2 IOMNT—H—~DEi
& PCR &4
HEMAMERRN 7 RAD #Z 7 O E 0B 2, %
RNy a7 =Y OBES ) AEH] (KRR
#£) o LE #HodD e 7T A%
BLAST # H W7z, Wiz, i L7zEFZ25EI2 L
T,RAD # 7l %D 5 L& 3 FTHIZTTIA~—
ZRE L. RADZ /O~ — 5 —1{bix, &FH L=
7T A4 ~—%HAWVWTPCRICK > CTHlER, 7 /o —
A NVERIKE TN RERET 5 HiETIT- 7.
ZEH# L 7= DNA ~ — % — ¥, RAD-seq fif ¥ @ 1 £t &
LTHWE 458D FL 8 EHZ LT, PCR % i
L, DNA v — B — 8l L RELR 0@ g{ % 7~ 7=,
PCRIZEM DNA1 p 12 &0 A7 25 w1 OKIG
RETHEM L, DNAKR U X 7 —F 1L KODFX (Hf
W) ROV ROSRRIE A — B — OB LRI
Weotz. HERMIE, 94 C TS OREME, B
EHEMAC, 108, T=—V275C, 108, HE
s 68°C, 1 3lx 1A 271E L T4 %A 270,
K68 CTSHiT-l=. WIEEDITIS %7 o —
AV C, 100V, 30 4 B o R KB (0.5 X Tris-
Borate-EDTA buffer) Z 17\, Rib = F Vo A CTYMOH#,
HAR T (354nm) THH L 7=,



£l Nuia T N—YOREEEROFRE L TURAD-seqfiEHT oL %

I"-I_i_',d_{ ’_,{:)‘_-p: Fl A
2-4-4 7-4-23 SCo3mn & NPAYIP pli
{16 {4 36 9 .44
3¢ B U° SC SC 5C S
it {7/ SIs2 SIs3 SISI, 8182, 8183 5253
RAD 7 ¥ 72063118 99684808 95,607,960 63,066,729
RAD 47 0 fili i 3,141,403 4.192.046 3,407.066 2.338.955

T RS ATRERES o 1 (SCISD

"SCLSIIFNFRAFENSHE LUBAFTFMSHEAFRT. FIOHETRMSMERETL 0,
lr| '“ | JJ'.'.' Z-'I_' L .'.'. H.‘ "J"_.' be] | I'_' r .-r. -
Flizdsi7 5 B ERStEo s A G HEE L.

3L BT L FloofkESC,

CHEZE ATV,

¢ iEfn R,

7-4-235(S183)

51 51
2-4-45
(8152) . ST
52 \,_SI83

1 BFEMEMERE 2-4-4 L 7-4-23 OZREHFCB T HHEE S i
(BT X USRI O 4y i
IR CO FAFMANE, 0 RARFRGEE Y. #5

IO EELIL SC:SI=3 1 1 725, S1, S22 LT S31%2-44 &
7-4-23 O Fl O EE L O HEE LTz S B T ART.

DNA ¥ —H —D#REE
EBL7-DNA~— I —DEEEFL -0,
MBI e v ¥ — AT CRTE - HEFF S
TWLHEMAMEORKREL, Y~v~—20 14—, L
E—2%—, NI KU, BEARAMEMD MTKG, *
YIONE—, MTTFEOTEEOZRKEMVT, E
WL DNA~—D— X2 HZEME MWK
R L. B, BEINAL THEEOZRKICTON
T, SSR (simple sequence repeats) ~ — 4 — fE#HT I &
LB N ER S, BRE1LEYS~—T 14—
U, NIRRT EAME—RZ =L, A—Tbd LI
TW5 CGRRER). EblcmoBFREERMICHET Cx
LKEET 72, 12-4-8 X K EE, RS X 12-4-
8, B L U KL X 12-5-10 O Fl A>T, DNA
Y= AL AEMAMHELEM L. B,
12-4-8 5 X N 12-5-10 T +FEEZ A, 1-1-14 2R
AL THEoNZBRTH S, HELIL 2016 4F 12 A
NH2017FE1TADOHBICE W THELH D 13:00
~15:0029To7z. FEARICER T2 BEME MR
HOTIZ DWW TIERZEATIZBREEZ 1TV, T OIREA
R DT, REMAELEIT LITTI0% =& ) —
NIRRT THREZHEEL CXBEEZIToZ. Boh iz

Th A ZHERE AR L

5 1ELLE:
SHASCOXIMIE T Th D EHZ bR,

Fl ##M%, ShWiciEN D DNA 2 L, 1ER
L7ZDNA ~—Hh—IZ XD HZMEMEMEEKDHM %
fTolz. BEMEHLEHESH, £FORWVWHEKED
HuERETHRE LBAELARD b MEIZHOVWT,
BAIZ L0 KRB A AR, R L7 DNA ~— 7 —
DOHEFRER LB L, —HERKEHH L.

B R

BERIAMEHIHE

HEMAMDORMK 244 (BEA) & 7-423 (RAK)
DEMIZE VBN Fl OfmEM - Rt os
xR 1IN Lz, BEMAGMEE AR ARG MO HE
Bz ZEN 36 EE & 9MEEFEL, 3:1 D HE
BBl AB L7 (p=044). Z1 6 DR S TR H
L Fl @ S A5 FAIT DT 2-4-4 13 8182, 7-4-23 1%
SIS3 LHEE L7z (&1, 1.

RAD-seq fi# #7T O # &

REHE E2ODF1I N7 DNAGFH4V T %
J VT RAD-seq AT 21T > 7=. ZOFER, RAD ¥ 7
B L O RAD # 7 O FEFILRELH O R M 2-4-4 (B
AR) L7423 (RAR) »bERZEN, 72,063,118 ff,
3,141,403 FE JH & 99,684,808 fll, 4,192,046 ff JH 3 15 &
ni=. Fl TIEHZEMAMY > 7 b 95,607,960 f#,
3,407,066 FEfH, HEARMEGME AL T T Anb
63,066,729 &, 2,338,955 fE$H D RAD # 7 3 4% b v 7z
(£ 1).

HRMEHEFEEMWRD 2 OHEELEDNAT—H—A~
DEHR

RAD-seq 27 — # b, WH & BFEME MO Fl
NI T H TNV DO BAFIET D RAD ¥ 7 O il
EATo7e. TORMKE, 40 FHEE % B x 5 RAD ¥
IRELN, EFRbESCH T AT, SCH



#2 DNA~V—H—(LL7- B F SR B2 RADZ Y DID, % ZEiF3 L O EEE ORAD Z 7

ID AT EEH RAD# 7%
72 i Fl
2-4-4  7-4-23  SCoLt S
SC22360 GCCCGAATTTGTTAGGTTTGTTGTTTGAATGTTGCC 2 . ’ 0

TTGTATGGTTTGGGGTTCGGTTCTTTCTAGAGCC

92-4-4 (FEAR) £7-4-23 (2 A) EbIC H FEIAMETHD.
? B FE it (=SC) OF1 (36l &) DDNAZIRE LIz Y7 .
CHFEAMENE (=SD OF1 (9f#l{£) ODNAZRG LIz 7L,

GAAATGGAAAAAACGATTTCCAAGTAAGTTATGTTTTATTGCCATATGGTTTGCCCAGTG 60

CCTTTATGTTCCTAACATGTTTGCATGCTCAGTTTTCTCCTCACTTGAGTACCTTTGTGT 120
ACTTCACCCTGTCAGTTGGTTTCCCCTTTTCAGGTGTTCTGTCTTTTGATGTGGTTTGCC 180
GTGGTGAGTCGTCGTTAGAGGTTTGTCTTGGCGCTCTACTCTCATGTAATGTTATCGGAG 240
GTGTTATTGCATACATGCCATTCTTACTAGAGCATCATCAGCATGTTTTGACAAATGTGC 300
ATGTBGGCTMGTGTAGCCTAGGT'I'S(.:ll'akg]??gﬁigﬂTTGTACCGGTGGATAGTCCGAGTTT 360
TTAATGAAGCCATGCTCTTATTTTTTTGAAAATCCATTTTGTTTGATTTTCTATTGTTTA 420

TATATTTGAGATGGCCCGAAATTTTGTGGTTTTCGTTGTATGAGTGTTCCCTTGTATGGT 480

TTGGGGTTCGGTTCTCTCTAGAGCCAACCGTAACCGTACGGCAGGAGGGAAGGGTGTAAC 540
TGTTGGATTTGGGTATGCCCAAGATCCAATTTGGATATTGTAAAGACATCGTTGATATGT 600
TAAGTTATAAAAGGAAAGGCTTAATTGATATTTTATGTTAATCCAATCTCGAAATTAATT 660
CTAGGATTAAGTAAAATGTCGTCCTGTAGTATACGTCTCGGTTTTGCAAAAGTGTGAGAT 720
ACCGACGTACAGACTTATACTACGAATAAAAGTGTCCCTGGTCCAACCAGTTTNAATGAA 780
COAGGACAGTAARACCCGTGGATCOGTGTTGATGAATTGATGACTTATGTCTTATCGGTC 840
ATGGACTTGGAGAAGTCAAATTCATCATACTGATATCCTATTGTCGAATAGCATATCGGA 900
TCGACCCATGTGAGATCGCTCCATAGGTGATGTCATCATGACCTCGATCTCAATGTAACT 960
ATGTG 965
2 SC22360 D% 7 EH & FHR 72 BEFIDAFAE LT =2 v
7 4 7 (contig_158866) & &XEt L7277 A ~—H5l.

THRRER AR FELS 2R L, RENIEGH L7727 T A
~—Bl¥ &R,

JEZDT VIVE ] Z RAD-seq T O£ T — ¥ X
DI L, TOoOHRhrb20EHOSCH 7 &2 T v
HLIZEIRLTCDNA~Y— I —fbx2RAT. T D
fE R, SC22360 & & fF I RAD ¥ /3G b (%
2), RNy a LI N—YDWMES ) LA
SC22360 & #H [A 72 Bl %1 % 4 i 3~ % & contig_158866
NS N (K2). SC22360 & 4 [ Al 41 o J& 2 8
W F LT T A4~ — & v b S3tag7693F (5’
-ACTAGAGCATCATCAGCATG-3" ) & S3tag7693R (5’
-TCTGTACGTCGGTATCTCAC-3’ ) # Jfl \» 7z PCR |Z
XV, 5 470bp & K 350bp D DNA A HME S 7= (K
3). T ENMAT0Obp D N2 K % SC In/Del A, #)
350 bp DN K % SC In/Del B & 4 {117 72. RAD-seq
AT I VN 72 F1 @ SC In/Del 4 %2 A L 7= #5 5R, H
Z a4 Pk 36 B K o> 35 8 R H 5 SC In/Del A & B
Ol RSN, —J, AFRALfEME 9 E kT
® 8 EH & 2> 5 1% SC In/Del B D B B3 HlE S - 2 &
M5, SC In/Del B L BREIAMELE T EILITARA
e oEHEH R I (F3). fho 19 FEE
O RAD % 7 JHWHERICHF LTS T4 ~—F > b
TITESF IR TE R o k.

DNA ¥ — 5 — SC_In/Del ®#&3:E
DNA ~ — % — SC In/Del BLOFHMEEFH D728,
MREREEFEE Y —AEIFTICRESNLTVD

F1{2-4-4>7-4-23)

SO bp—
?_I:nllhp §

X 3

oS00

— 30bp

H ZAEMERFRAY 72 SC22360 7 5 25#4 L 72 DNA ~ — % — SC_In/Del

M (35378~ —A— (2-log DNA Ladder Marker, New England Biolabs) T& %. SC & SIiE, Z#NFhHZEMAEM L
ARAEEZ AT, * T ERZRT. Sy RPEIEESIZ A & B % SC_In/Del A & SC_In/Del B & 41417 7=.



#3 FIUIZB 5SC In/Del Lo fE {5455

SC In/Del 7!

i flE %%
=L SC In/Del A/A  SC In/Del A/B SC_In/Del B/B
SC 36 0 35 1
S 9 0 [ 8

TFUENy a v T —Y HERSHERF2-4-4(F) £ 7-4-23()DZERUC L v B 7.

PSCixEFEMmAM:, SIXHFEAfMAMZRT.

#4 BAFEEEFEORBTLSC /Del 2 X 5 BFEMEME « BFEAME

PED He#k

ES A R UCE Y FHEAY SC_In/Del !
KR RE SC SC In/Del A/B
== EBEKE SC SC In/Del A/B
JLE—RH— B SC SC In/Del A/B
IR N SC SC In/Del A/B
MTKG RH SI SC In/Del B/B
XN — e SI SC In/Del B/B
R A SI SC In/Del B/B

ISSRV—H —fHEMT I L A SRR RS, BREIE e — A —, LE—
A B — AT R E STV AERER).

PRV B ORISR ESE, 2000L Y5

‘SCIXTBFEM&E, SUHIBZEAfMmEtE277.

#Kb Nyiar7N—YOREE LRI HSC In/Del B0 TR AR F

SR A

SC In/Del ™!

A AR fae SC_In/Del A/B  SC_In/Del_B/B pfis”

12-4-8 YN 96 73 23 0.81

YN 12-4-8 168 133 35 0.21

Ji KSR 12-5-10 100 80 20 0.25
AR 364 286 78

RN WM EN T4 TSC Iw/Del A/BTHZEEMETHA.

bASHELG  1)THA “RRE S LT

THEOBEERZAVWTHRNAB L OHEAM
AMEOHEETo. TOME, 4BMEOAZEMA
% @ DNA ~ — 7 — X SC In/Del A/B T, 3 FEH D
HZAFA D DNA ~— 5 — % X SC In/Del B/B T
HY, REMLELDNA~— I —OHEEN BRI N
(£4). SSRY— I — 2 XD MMAHMIC IV FR—&
ENTVWLIEBRELI I~ —T A4 -, NTFHDL
LB — R Z— D DNA v —H —R X SC In/Del A/B T
»Ho Tz,
EHIEBOBFRENICHEN T 5 »HBIET 5
7o, BREOZOZE S 1248 X BRE, BX
Y8 X 12-4-8, F L TRERE X 12-5-10 D HLARL A G b
TSGR EEEMITOWT, SC In/Del B %
HL7Z. ZORE, 12-4-8 X B REEL, 96 kT 73

B R 23 SC_In/Del A/B O H ZFa4 1k, 23 KDY SC In/
Del B D HZEARFEGME, BKRKE X 12-4-8 1%, 168 fil {£
o133 B 1K 23 SC_In/Del A/B ® B F fn & P, 35 f# ik
23 SC In/Del B ® B FEAFAME, & L THEKEX 12-
5-10 (%, 100 @ & F 80 ff {& 23 SC_In/Del A/B & B F il
A, 20 HK A SC In/Del B D B FAFna ML HE
ER, WTHhORRMAAERTIZBOYTY, B3 :
1iIC#E Lz (£5). TO%,DNA~——IZk»
THZREMAMWMEE L HE S, B0 RWEKD A
FMECTHEL, BEMEH-AMAEMHEZHTHEL 2.
ORGSR, 12-4-8 X R EE, 41 84 39 fJ5 & 5
BEMAME, 2HERSBEZRAMAEME, BRKEX 124-
8 1, 107 fE & 99 fE k2 HEMEM, 8EEKNH
FEAMEME, BEREX 12-5-10 1%, 61 @A 57 ik



#6 DNA~V—I—IZL-oTHZEMAEM (SC In/Del A/B) & TESHLIZFIDFEHAY

Fl

(S %N A e— gjﬁﬁ@”m —EH B (%)
12-4-8 RS 41 39 2 95.1
R 12-4-8 107 99 8 92.5
FERER 12-5-10 61 57 4 93.4
ol 209 195 14 93.3

RONTAERCIEAERH D 9 5, SC In/Del A/B LHIE S hui- B A%

PSC(=H % s
AT BN ST AR AT

DEHEMEME, 4BESBERAMAEEZRL, &£T
mxmﬁﬁAb@ BT, DNA~v—H — L £H
LD —HRIFNBI%BULEOFEWEEZRLEZ(ESG).

K

W OHZARMEMED A =X 2%, S 61 E

THIE S, & OIS B LTEE O X ST
NAEE T 5 (Madureira ef al., 2014) . H EZ R &M
KRR OTER O #AR 7B O B THRE I D B K
BMAZRAfEGHEE, BTho# (R o ZfFK
BIRFTHREINDRFEMEAZAE MRS FEE
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Suassuna et al. (2003) IZ L > THEI N TS, a1
BRAZAMEMETIE SO R D ML IEEFBH
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31 THBET 2 Z EAHIRESh, EEIZHE LI FI

MRS ED TR B, SI=AFAMEHE)ITI0ELL LA 3 il T

ORBBOEEG L L WMHMEICEET L (R, £z,
X2 OBXKERE R T, SCIn/Del A & B i)
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DNV RH, S2 L S35 SC In/Del B D /X2 K31
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Development of a self-compatibility-specific DNA marker for passion fruit (Passiflora edulis).
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Abstract
To develop self-compatibility (SC) -specific DNA markers for passion fruit, we obtained F1 progeny by crossing an SC line

2-4-4’ (female) and ‘7-4-23’ (male) . From the segregation ratio of individuals showing SC and self-incompatibility (SI) in

the F1 progeny, SI in passion fruit used was considered to be sporophytic. Restriction-site-associated DNA sequencing (RAD-seq)

analysis was employed to analyze 2-4-4, 7-4-23, and bulked DNA of SC and SI F1 progeny. From the analysis, more than 63 million

RAD tags were obtained from the parents and two bulked DNA samples. In the RAD-tags, over 0.4 million SC-specific unique RAD
tags were detected. An SC-specific RAD-tag, SC22360, was successfully converted to a DNA marker, designated as SC_In/Del, with

a difference in PCR-products lengths between alleles. From the genotyping of F1 progeny with SC _In/Del, an association between

SC and SC_In/Del was observed. Furthermore, to confirm the availability of SC_In/Del, genotyping of seven genetic resources and

three other F1 progeny was carried out. In the seven genetic resources, SC _In/Del perfectly identified their phenotype, SC or SI. In

the three F1 progeny, 286 of 364 seedlings were estimated as SC from their SC_In/Del genotype, and 209 of 286 seedlings estimated

as SC were planted in a greenhouse. According to phenotyping in the greenhouse, 93% of the 209 plants showed SC. From these

results, SC_In/Del developed in this study was considered to be applicable for the marker-assisted selection of SC plants in passion

fruit breeding.

Keywords: RAD-seq, self-incompatibility, sporophytic self-incompatibility
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WHEA T2 (T 7T 74— "= FBIOA =D —FHO | #), B+ (7T b 7727 %), kEwaEt (K
HHWEEL) BRI X0 sEEMIT, LUOEVEEHAWZHEATIEIRIBR LD o720 00, 135 EDOFRMN
BENnleholzlz®, LULDFEVXPFIHEMAATRETHS. = FERINFTOXA TOEXEORRBEL, RFEOHF LA

B e U Cidom S Zeu.
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t /N & KX Piper retrofractum Vahl (22> = 7 B) I,
AV RRT TR~V —VT, ¥AEOHEET T
WHE L SN O2HTHY, ZhbOHEE R
Dz, HREH TEHFEERSEKLE LTHYWLRTY
% (Weiss, 2002; Lim, 2012). H AR B W TH, i
B, BICZE OB EmICAE T 5 /VE Lk Tk, K
BIZEREORMICLIZLIEHEERELTEY, 13—
Y, E—VYUEOFFLHTHEIN, TORBELIET
FEOBLOTZDIZ, H<rLFERFICHLNAT
7= (ZFH, 1981; (L9, 1996). AfEIXfo =+ =
TR & RERIC, & o R EER HE S T piperine 5 O
EHBEERSEELZ 5 (72 & 21F, Luyen
etal. (2014)), T TIHEREM L L TET TIEAR
<, BEFEAMELTHLEHEINDG LIRS, TET
WD, ZOREDIEHRBICE W TIE, AFEORE%E
DOILE - B DB LD OB EICHT S
HEREHEY 22H Y (KEFH, 2016), F 72 ULH
MOBE® Lo OMLTENROFELED 5T
V% (Takahashi et al., 2017). Z 9 L 72z liBl % o 7=
HOOMWFRL, TNOLDOHREDOE R ELSHBED DD
IZiE, SHOWMERRARTHDHN, TOZDDOHE
FHHNITFEFETIEE A ERD 5T (Bvizal, 2013). L
ML, RiLliZ > TKEL (2018) X, B Y =E R
X O LARIC X 2 #EMSLIC T, RO LA

AR (7 2% 20T LAICHE
TOMEMEOREE FFLEE L THERAT RIS
%) ML, @MU RHMEROE 2T LE
AHEBRWTTIHU Lo L EZ LR ERMICER ST
bhbZ tumprLi. —FT, AEOHLAICED
IR O RERLEa 2 MeD2DI2iE, LB E
RO ORI TR, BRICHE LERES
BERFETLIIENEELERDL. £ CTABET
1, THOLEBRELMEBFEOZDORBRO —BEL L
T, EAYVERFORBICHE L7 LA % 25
TEHH, AT VA EELE L ORIE - HERIBE
2 VD CHRAR & RN

MBELUAE

HREES L UHEMH
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Fig. 1. Experimental environment and examples of plug trays

in which cuttings of Piper retrofractum were applied in a
glass greenhouse at Ishigaki Branch, Okinawa Prefectural
Agricultural Research Center.

65cm DHEO EICEE L (Fig. 1). 77 2=
BIX, TOREBO3INDO 1Y%, &EEREKE
PrROTHICHETOREBTHMALZDN, HLAZEOE
NMELAEBHNTWE—/A (55m X 3.5m) Ol
oL, BREToroicFEiEAdE 7. Zo—F#A
DEXF Y FOT (HS 16mAT#E) iTHk/ X
N9 ERBBURERBCTHY TF (Fig 1), AR
WM EE, FaioRRrE X0 10 oMK EIT- 2.
WKL TEDOREFRMEOEVHRBFERICEEL
Wkolz, B2~3EEBAL LA OEREBE ALK L
7.

EANAYERXE, MoE< 0oz vz vREY
O CTHOHND X 5T (7z¢& z21E, Chaveerach er
al. (2006)), X U ®IE Y X (climbing stem) & 1% 5 <
% (creeping stem) & 9, HEDHIRE O A BN R
AhEEERLESHEDS (Fig 2; SEMIC oW TITKRE S
(2018) #ZBHW). ZhobDXIFTWVWTh b LEE L
THIHAMETH 27D (K5, 2018), AK#FIEIC
BOWTHENFEZMHA L., T L0IF0 XZ0MHGIHE
AP E L TIX, KBS (2016) A3J/UHE [LH o
Br (AEE, e, BE, NEE, BERE, K
BEE) PO XLoEvX2EEBLER LK EZ,
PEHOXFI 2 LICAWY, 35 X0HKkE LTI,
K5 (2018) IR % O HIH A F ELBIC WV 72 8k
DHL, FELEBRKOLD (TRTAHERE) &
AW EREEBEEICS VT, ThERO I
EfEhTnwsoT, bbb axsRaInizn). X
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Fig. 2. Schematic and photographic representations of the

climbing and creeping stems of Piper retrofractum.
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I L 7 LRI T A0 0 I KIZIR 3 LT 6 REfH
AN LR L 7=,
RBARBIETIE, MR A AR LE O EEA
BEoflMicky, REARMATELE 2 MoX % [
WHWTEBRREZITH) 2 ERNRNETH 2720,
UTFD X, oz A7 (L & kP 5
) CEOME (LLDEVWXELIESE) OMA
HEHOENRENVICERZ 450RBRICHT, Fb %k
2014 22 B 2015 T IT TR DZHMIC (21
FNORBRITIFE~EH K~ W o20E) FEh L 7-.

HERI1 ELGLOBREEHETOLILOEYED
FAR 8
LK HIIZ X, Table 1 (27 L7z 8 ft 0 BRI KE
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Table 1. List of rooting media tested in the present study

Type of medium: Commercial or Japanese name iﬁ::iz] Manufacturer Other notes
Anrtificially-formed medium
Phenolic resin foam for plant propagation:
Oasis” Rootcubes® P1 o Oasis” Grower Solutions Gas and liquid phases approx. 33% and 65%
Oasis® Horticubes™ H1 OH ditto Gas and liquid phases approx. 65% and 33%
Phenolic resin foam for flower arrangement:
Aquafoam” Soft AFS Matsumura Aqua Co., Ltd.
Agquafoam® Standard AF ditto
Agquafoam” Hard AFH  ditio
Green Foam GF Unknown Harder than Aquafoam® Hard
Rockwool: Grodan®™ 17 A-OK Starter Plugs GR Rockwool B. V.
Formed soil: Plant Plug® 128 PP Sakata Seed Corporation Mixture of peat moss, coconut fiber and others
Non-formed medium
Akadama soil: FRIFET (4B AS Tachikawa Heiwa Nouen Co., Lid.
Kanuma pumice: “F-FiiH + KP  ditto
River sand: {#]J1| &Y RS Nakano Kousan (Itoman City)
Rice nursery soil: < Zxdb L+ RN JA Okinawa
Sphagnum moss: Spagmoss'™ Premier SM Besgrow New Zealand sphagnum moss
Peat moss: Morning Glory PM Theriault & Hachey Peat Moss Ltd. Canadian sphagnum peat moss
Vermiculite: A—IHaF4 L35 VM Ryukyu Sankei Co., Lid.

AKEHH (Oasis” Rootcubes” P1, KK 33% « & FH Y
65%, &% 5710, LLF OP & W ; Fig. 3A) LA 7 v A
“HETE S & - AK#HE M (Oasis® Horticubes” H1, 4 8 #9
65% * AH K 33%, Fm&E 5810, OH L) % H iz,
OP T KE & (2018) AW H D (M %E 5615) &
FERITE 2D NE—FMTHY, OH L ITRHM - Kk
FOMENERD (I LRDFME, EBNORKS
HThHD (R =v V=V = DHE -
http://www.ns-green.com/pd/007_02.html % % 2 #) . 4 F
EHZ7 =/ —BEFEREELTIE, BT 27
(BR) OREWICHE SRR D38, ThbbT s 7
Tx—L" TN (AFS W), 72O T7 74 —24 "
ABHE—K (AF L) BLORT 277 74— A -
N— K (AFH &£ B5), 725 T A — B — KRB D Green
Foam (X A 7 ~ » f4E 5 CHE A, GF & I ; Fig. 3B)
ZHWE (GFIE, 3BOT7 77 74— "0OHh T
OBBWAFH XV B 520 V). 2 hvd 7 =
J = VBRI VTS, £9 2.5em X 2.5cm
X 4em BRE DL FBIZEIY 431, S HIT 128 kL
LA DOEENVIZAD LD, By Z—FA4T7%H
WT FHEA 1.5cm X 1.5cm 2 o < S U (Fig. 3A,
B) IZ¥H® L. 27—,k Rockwool B. V. t D
Grodan® 1” A-OK Starter Plugs (GR & ) TH v, =
X128 KB P LAICANRTWIBIZREIR T
WBHMN, fHlx D —AFoRN > Tnb7H (Fig
30), NI T T TrLAWE. B+
) B EosxDOTT NTT 7Y (128 %, PP
W) THY, ZhiFazavrEiESCE— FE X,
BIEFZEDRAWN 1280k LA KBEINT=
RECTHHE L TWVWDS 29 (Fig.3D), TO &L b

LA DBIMYHLTHE An.
LESHOAIEE A, 128 XE/N b L A IZHIE
HIET1IARBZICANRL, KEKTHFSELETHLE,
INLOEMIZ3IEICUY ST LoiE X (2
HICEEETD2HD) 2 1 ARKT D, K FALESEEH
TEIZMN PO ELREETH L. 1B
TR A AN lL, WET L2 LR M
OENEMEmMAE Y ZLick, EAKLATINED
50O THD. 7k, OP, OH, GR B L O
PPICIZHFR L AMNBIT SR TWa 720 (Fig. 3 23 1),
FHIE L TCZORIZE LD, BLEAMWZDIZ
RICFHT EEE SN WEHAE, X5 5mm i
FHEN MBI L. BLA%O P AL Bk
HT7ARNICHEEL, 35 BB ICH LBZEM»S
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HoNELOICLSNTE, ROMEREOEELE L
T, RABE (RBEWVWHEROKE) & 1mm BN T
BELE., ZORBRIZ20144F4~5 7L FRE I~
RAIREBELEZ. AWEHELEOVEHE (x EAL
il FACEIM o EEE, LTRER) X, 1A OR
% C 12.1cm, 2 8] H @35 T 12.8cm T& - 7= (Table
2ICIENEX D EEL R L.

HER2 BERUIHBEHMEBTORERSACEDKBLE
HEBEI1LERUSHDOEMAHEMRL, Zh b % 128
RENLF LA DEFICEFEZBIETANTH2ICES
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Fig. 3. Examples of rooting media tested in the present study. A-D, artificially-formed media put in 128-cell plug trays [A, phenolic

resin foam for plant propagation (Oasis® Rootcubes” P1) ; B, phenolic resin foam for flower arrangement (Green Foam) ; C,
rockwool (Grodan® 1” A-OK Starter Plugs) ; D, formed soil (Plant Plug® 128) ]. E-K, non-formed media put in single cells of
72-cell plug trays [E, Akadama soil; F, Kanuma pumice; G, river sand; H, rice nursery soil (Kumiai Baido); I, sphagnum moss; J,

peat moss; K, vermiculite]. L, an example of 72-cell plug tray in which several media were put in a randomized order. See Table

1 for further information on the rooting media.

LALTHMER Y. LB X OLEORY #W»
WOWTIHERBR LI ERLCTH D, ARBRIL 2014 F
11 ~12HE2015F4~5 ACERLEZ. HLEO
S REAL, 1A B OBk T 6.3em, 2 B B OBk T 5.8cm
ThHo7 (Table 3 IZIFMHX T EDEHELRL
7).
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IR L
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#, ¥2bb, FEL CEmMAEL MR, (BR)
JINFEF 2B ; Fig. 1E), BW - CERE®BE L, &)
JI)NSEFn k2 5 Fig. 3F), WK (b 85 BLPE (G T
i) ;Fig.3G), AKMBEHAK L (K Abuvitt, JA
BERb;Fig3H), =2a—Y—F L NEIXI»



(Spagmoss™ Premier, Besgrow £t ; Fig. 31), /7 7 & & & —
k& A (Morning Glory, Theriault & Hachey Peat Moss £t ;
Fig.3])) BLXON—=IFa2T714 b (R—IF=2T4
N3, BREKEMR () ;Fig 3K) kR L7z, &
ICHB Dz, R -2 THREBREO Lo T
MR OO L S>THDOP (RRESM) LF—
FMTCHOLINRBRPE R D (F—A—H—,
% 5770) %, 3cm X 3em X Scm FEJE DS FEIZHI Y
SiF7eb o (Fig 3L A28, MEOZ®, T TR
IRhbHOP LTS bARBRICED L. Zbas
SO MAZKEKRKTHyICELELZDOL, 2%
VLA OERFICEMEBIMETREDEY LR L H20
BEICANT (Fig.3L). ZThboEHIC, 48129
DTl LoiEnEx (b &b B3 HilciE%:
A32b0) 21 AT 5, RFUEHICENDDHE
XZNEURLEDDL, &K FEREBERHH
lem DESICWEDL XS ICH LA, ZoKE, I X2
TEFEFTHLEZHLUADODRNKERG &1
Molle®, fibo THOT &AL THLAZ M

BRLTOHBHLE. DUBEOMLEORD Wiz o
WTIEERBR L ERICTHSD. KRABRIL2015F5~6
AERFEI10~12 AICER Lz, HLEOEYEIT,
1 H OB T 174cm, 2 [ H O3B T 21.8cm TH -
72 (Table 4 IZIZALE X T OEHE LR LE).

B4 ELSZ2ERMBIEHMBTOERACEORBLE
R 3 LRI EEME ARz 728k R L
AHHEML, 3HICLV T IESHL<E (DL
LR 2HICEERZFETDLD) B 1ART O, KA
HIZHER D LHEILIINEORLIZOS, & FLH
NEMEBERm2> O lom DRI ICH E D LS5 L
oo FHLEFBIOUBEORY VDI DWW T3
LHEULTH D, ARBRIL 20154 4~ 5 H & F4E 10
~RAKEBBLE. FLEOCFEHER, 1A
B C52cm, 2 H OB T 8.1cm TH - 7= (Table
SICIFAERKX DR LR LE).

Table 2. Comparison of rooting characteristics of climbing stems of Piper retrofractum

among varying artificially-formed rooting media

Experiment No. (period®)/
rooting medium tested”

Cutting length
(em)*

Maximum root

% rooting® .
? £ length (em)®

Exp. 1 (14 Apr.-19 May, 2014)

opP 56
OH 56 12.3
AFS 56
AF 56
AFH 56
GF 56
GR 56 12.
PP 56

Exp. 2 (14 Nov.-19 Dec., 2014)

OoP 56
OH 56
AFS 56
AF 56
ATH 56
GF 56
GR 56
PP 56

H
=
(]
ES

4 £0.25 8§9.3 a 2.28 £ 0.18 ab
+ 0.25 89.3 a 1.88 = 0.16 a
+0.28 80.4 a 1.70 £ 0,15 a
+ (.25 80.4 a 2.18%+0.17a
+ 0.27 92.9 a 1.83 £ 0.14 a
+ 0.23 75.0 a 1.72 £ 0.18 a

+ 0.26 76.8 a 1.01 £ 0.09 a
0+ 0.25 73.2 a 0.
§ £ 0.30 75.0 a 0.92 £ 0.09 a

00+ 0.30 83.9 a 0.99 £ 0.07 a

6+ 0.29 66.1 a 1.72 £ 0.16 b

a: 35 days from the date of insertion of cuttings into the media to the date of inspection

of rooting. b See Table 1 for abbreviations. ¢: Mean

*+ SE of the linear distance

between the uppermost (first) and the undermost (third) nodes of the cutting at the start

of the experiment. d: Percentage of cuttings each bearing at least one newly emerged

root. Values with the same letter are not significantly different (Fisher’ s exact tests
followed by FDR adjustment, P = 0.05) . ©: Mean = SE of the length of the longest
root among the newly emerged roots. Values with the same letter are not significantly
different (Tukey-Kramer HSD test, P = 0.05) .
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UEDOFTRTORBRICEWT, BRELRKRIER
EER DM CLEER L. BIEE (BRNE
LN LFEOEES) 12D Tix, Fisher O IF
HEBREIZL > C2MBHBTORYTZY Ok s
1T > 7= ® &, FDR (false discovery rate) 7% (Benjamini
and Hochberg, 1995) IZ X > T5% K¥ETHEEZN &
ZMBEDLEERCHLEZ. HRKBEICZOWVWTIX
Tukey-Kramer @ HSD 1 &2 & » T HEELE L 7.

wm R

1. EEE—K CDEFYE (Table 2)

2E OB E L, HEHEICBREOFEEZITADL
T, WETEROREMIZBNTHEZEOMIT 7 EHNEN

UEE@Ehrote., MRBEIZHOWVWTIE, 1HA (F
) o B TIiX PP A OH, AFS, AF, AFH ¥ L O
GFLVLAEBICEL, OPEGRBZENLDOHH D
WMERL, hoWVWTNOEHRE LEBRICERL 2D
EWVWISFERITR o7 2B (BK~4H) o T,
PP 3D 7 H5HE L 0 b FEICEL, 7TRHMICITE
BEIANRNS T,

2. BisiEth—I(Z 5 < E (Table 3)

LREIE (Bk~&H) OB TIE, HHEICRRE
DERBEIALNT, WTNOEHIZBWTEH 6
BIRW ERENICE» -2, KKIBEIZ2WV T,
PP AGR U D 6L W HEIZEL, GR DX
ZThooHETHY, WThoEe b aRICRER
Liginote. 2EB (R#) OoRBRTIE, BREIT
OP, OH ¥ X T* GR T 9 Flfli#% & & <, AFH 2% 6 i,
GF L PPR3EIRMWECHY, ZNLHIBHOMICAR
EZNHB LI, AFS & AF OFRRRIXTEHRTH Y,
OPf 2 MBI RNAFHD E L H L LABEICRERD
ol RBEIZHOWTIE, GF2AOP & GR &
DEBICEL, Mo sz s oFMTH
D, WTFNOEELERICRR SR T2,

3. FEMmMEH—KLDIFYE (Table 4)

LEEH (F~EH) OoRBRTIE, 7 508H T
MENSEL LEEEN >N, E—FEZX (PM)
DFEBFLTH 1IHRM LIRS, thokii & FE
R s RRBEIZOVWTHEPM AR L EL,

oP, #Jil#y (RS), "N—IF =T 4 F (VM) LUSH
D 4 M E ORMICAEEEN AL, 2EHE (K

~ZH) ORERE TIE,PM ORERKEN 7TEI TR LKL,

Table 3. Comparison of rooting characteristics of creeping stems of Piper retrofractum

among varying artificially-formed rooting media

Experiment No. (period®)/

Cutting length

. Maximum root
% rooting®

rooting medium tested” (em)*© length (cm)*

Exp. 1 (21 Nov.-26 Dec., 2014)
op 41 6.17 = 0.28 41.5a 0.66 = 0.24 a
OH 40 6.20 £ 0.24 37.5a 0.53 £ 0.08 a
AFS 42 6.43 £ 0.23 40.5 a 0.58+0.13 a
AF 43 5.98 £ 0.24 39.5a 0.83+£0.21 a
AFH 41 6.29 £ 0.19 293 a 0.59 +0.15 a
GF 40 6.33 £ 0.27 60.0 a 0.90+0.21 a
GR 42 6.45 + 0.29 33.3a 1.14 £ 0.23 ab
PP 40 6.33 £ 0.27 35.00a 1.96 £ 0.30 b

Exp. 2 (22 Apr.-27 May, 20135)
OPp 48 5.83 £ 0.27 91.7 ¢ 4.28+0.35 b
OH 48 5.65 £ 0.26 91.7 ¢ 4.04 = 0.29 ab
AFS 48 5.48 £ 0.29 77.1 be 2.60 £ 0.36 ab
AF 48 6.19 = 0.29 72.9 be 3.13 £ 0.35 ab
AFH 48 6.00 £ 0.30 64.6 b 2.79 £ 0.35 ab
GF 48 5.50 £ 0.28 22.9 a 2,15+ 0.68 a
GR 48 5.98 £ 0.28 87.5 ¢ 4.46 £ 0.35 b
PP 48 5.75 £ 0.27 29.2a 3.04 = 0.78 ab

: See footnotes of Table 2 for explanations. b See Table 1 for abbreviations. ¢: Mean

=+ SE of the linear distance between the uppermost (first) and the undermost (second)

nodes of the cutting at the start of the experiment.
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4. ERFEH—ITACE (Table b)

2WEIOFEE L, PMOFEIRENO~3E & KD
KL, o 78 EEFEICRR 7. PM EHRL &,
1EH (FE~EH) O#RBTIXOP, ASF L RS
DOFEMRE (9FLLE) RRNBLOSM OFMREK (7
) LovFEICES Gkvo2iixzns o
M), 2B H (Bk~%&HH) CEEBMICERED
BEZILONRo>T2. KRKBEICHOWTIE, 1
B HORBRTIIRS AR BAES PMITHEBRLHZ L
NhholizdligTtxd), AS, KPEB L U'RN &
HEICHRZY, RYO3EMITZERAL 0T OMEE
AL 2B HORBRTIE, PMOKKRENKD
ML, Mo 7THMEFEICRLRY, —FH TRN Ok
KRFITHBELS, AS & KP Zk< 5 AEIC

HBipofe, ROV DAEHOREKBEITZN D O PR
ThHVY, TOFTIEISME VM DOEMNRS LY H A
BHICKREL, OPOEIZENL NG EHERBICERD
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ARFFEIL, BNV E RO LAEMICHE L 25
MAERET L7220, AMOILDIEVEBLNIES
SEZFBLMELTHY, Hx ORE - I H
TORERBEFT.. ZOMKE, ThETITEBRIR
FRZERAENTWELT AL S, B
FOMTREIFRERPALND Z 2P 6N
L, ENYE RFOHMCAS % OB H I IC
Lo THEBLERDAMRZHEL. BEMNITIE, REE
MTHEHBEISNAWICE R AT 7 =/ — LV EHE
WK ATED 5> B S "W IEH D25 (AFS - AF)

oy sz — (GR) A, FHERIEE# TIERE L
(AD), E® Lt KP), WJI# (RS) L N—3IF =
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Table 4. Comparison of rooting characteristics of climbing stems of Piper retrofractum

among varying non-formed rooting media

Experiment No. (period®)/
rooting medium tested”

Cutting
length (em)*

Maximum root

[T fnat
% rooting length (em)®

Exp. 1 (20 May-24 Jun., 2015)

oP 36 17.8 £ 0.55 100.0 b 3.06 = 0.22 ab
AS 36 17.4 £ 0.57 94.4 b 4.40 £ 0.17 ed
KP 36 17.2 £ 0.52 91.7 b 3.50 £ 0.15 be
RS 36 17.7 + 0.54 100.0 b 2.56 £ 0.12 ab
RN 36 16.9 £ 0.45 91.7 b 5.33 £ 0.22 d

SM 36 17.9 = 0.54 83.3 b 4.63 £ 0.28 cd
PM 36 17.2 £ 0.53 8.3 a 2.00 £ 0.60 a

VM 36 17.5+£0.18 91.7 b 3.04 £ 0.16 ab
Exp. 2 (29 Oct.-3 Dec., 2015)

or 36 22,1 £ 0.43 97.2 ab 1.85+0.12 a

AS 36 22.4 £ 0.50 94.4 ab 3.63 £0.17 ¢

KP 36 22.0 £ 0.55 100.0 b 3.21 £ 0.22 be
RS 36 21.9 = 0.49 97.2 ab 2,02 +£0.14 a

RN 35 22.1 = 0.51 88.6 ab 3.54 £0.24 ¢

SM 35 21.3 £ 0.49 88.6 ab 3.43£0.16 ¢

PM 36 20.8 £ 0.55 72.2 a 2.49 £ 0.25 ab
VM 36 21.5 + 0.50 100.0 b 2.62 +0.14 ab

2: See footnotes of Table 2 for explanations. b: See Table 1 for abbreviations. OP is not a

non-formed medium but included for comparison. c: Mean = SE of the linear distance

between the uppermost (first) and the undermost (fourth) nodes of the cutting at the

start of the experiment.



ZTOHROMROMERENRHEETHDL HAICEL-T
D) 2 EBNHBI L7 (Tables2-5). L7235 T,
BEFSATHINLOEMAE NV E FFOff LA
ELTHERETE S,
LEoEE#E, e Y E RFORBRICTE W TIEFE
BIEND EEZLND —FT, O T S0MM#K
WCEWR DD, & xE, ERESEEERT L5
A, MLBEZBEET O, P &bk P
ERMAPICH DAL ERN D D0, LTI,
LR O R M E AR R ICANL L OB E D
BEFCTHEEETSCEEINRD D (EHELOR
BRICLD), ZORTHITHOFEHND 2 F.
F 7o, FERRBEHICHE L2 LEIX, R0 —5
DN HEAICTHERT WY, HLEEORLYH
W (P A OBERE) CHIBREOEESNSLE
EEND A, FRIEEE RIS U 72 i U RE Ik pOE B
WHL72b D LD LEXIc Wiz, i LAK%
OO BNNREL THDH. —J7, R HITIERIE
B _NTHEMBEL, 128RXEALILAD1®
AR O IZ T FH C3I~SHBRETHLDITK L,
BETIZIARBTHS. LEBN-T, EBIZEHE
EATHO G T, BAFRER PESANBICIE U T

AT LM EREONRLINTHAD.

AE, A7 A ICREMAEBREORERRBS BT
12 F-F 21 CTEHMOKEIZR—TH D5 2 (0P
OH) Z MW7, Zh b O TRBROK K
BEICABZIAONR o722, ZOREOR
- A OFENL, A EOEF W SE CIIBRICEE
LiaholbtEBE2bNS. —FHT, SB0OREKTIX
B OWmEEToIcmB#EKR LR, L0#EK
BENMEWELETTIEL, 2L 2BOF T 20X
SHICE EROMOEE Y &I, BRL
ZTOHBOROMEIZENRLZLND TREMEDL K S.
KB F DD 72 < THLEE OIS 23 L0 FIl i
MDEWEEZBEZOND D, 5%IEA BIRERBUE S X
Mo leEin D, IGIZHFEARBEMAERKY AT 2D
DEBREZTILENHDIZA ).

EFHRA7 =/ — VBIREREER4ED 5> VI
5?27 (AFH - GF), B+ (PP), KFaE & H
Bt RN) BLOI X4 (SM) O 5 &5 # i,
FLOEVEEZAWZHEETIEIRERBRLEOHKORD
WMERAT VA" LRAI%ETH-o BHBAHICK-TIX
BEniz) (Tables2,4) H O D, TS5 EXERA Wi
BATIE, BB L HABREOWT I F 1Ll 5 A

Table 5. Comparison of rooting characteristics of creeping stems of Piper retrofractum

among varying non-formed rooting media

Experiment No. (period®)/

. . N
rooting medium tested”

Cutting length
{cm)®

Maximum root

% rooting® length (cm)®

Exp. 1 (30 Apr.-4 Jun, 2015)

OP 35 5.17 £ 0.34 94.3 d 5.98 £ 0.41 ab
AS 36 5.36 £ 0.32 91.7d 7.68 £ 0.43 ¢

KP 35 4.86 £ 0.32 88.6 bed 6.79 £ 0.40 be
RS 36 4.78 £ 0.29 91.7 d 4.75 £ 0.28 a

RN 35 5.89 £ 0.36 65.7 b 6.82 + 0.38 be
SM 35 5.06 = 0.33 68.6 be 5.33 £ 0.52 ab
PM 35 5.69 = 0.35 0.0 a —

VM 35 4.83 £ 0.26 91.4 cd 5.65 £ 0.24 ab

Exp. 2 (27 Oct.-1 Dec., 2015)

ap 36 8.22 £ 0.25 100.0 b 4.99 + 0.26 be
AS 36 7.89 £ 0.25 100.0 b 6.18 £ 0.22 cd
KP 36 8.33 £ 0.25 97.2 b 6.35 £ 0.34 cd
RS 36 T.97 £ 0.21 100.0 b 3.62£0.21b

RN 36 8.47 £ 0.32 97.2 b 7.09 £ 0.354d

SM 36 7.86 £ 0.22 833 b 5.38+£0.47 ¢

PM 36 7.75 £ 0.19 33.3a 1.68 + 0.26 a

VM 35 8.20 = 0.25 100.0 b 5.61 £0.21 ¢

a: See footnotes of Table 2 for explanations. b. See Table 1 for abbreviations. OP is not a

non-formed medium but included for comparison. ¢: Mean = SE of the linear distance

between the uppermost (first) and the undermost (third) nodes of the cutting at the start

of the experiment.
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Screening the rooting media for cutting propagation of Javanese long pepper,
Piper retrofractum Vahl

Suguru OHNO'"", Akiko NEMOTO? and Moritoshi TAMAKI®

1 Ishigaki Branch, Okinawa Prefectural Agricultural Research Center
(*Present affiliation: Okinawa Prefectural Plant Protection Center)
2 Ryukyusankei Co. Ltd.

3 Okinawa Prefectural Agricultural Research Center

Abstract

Javanese long pepper, Piper retrofractum, has been used as a traditional spice and medicinal plant in Okinawa Prefecture,
southwestern Japan. Recently, this plant has been focused on for its functionality, but its cultivation techniques are not well-
developed. As a part of experiments to establish a propagation technique for P. retrofractum using cuttings, we examined the rooting
of climbing and creeping stems of this plant on several artificially formed and non-formed growing media. Although the previous
study showed that phenolic resin foam for plant propagation (Oasis®) was a good rooting media for both types of stem, the present
study further revealed that soft types of phenolic resin foam for flower arrangement (Aquafoam® Soft and Aquafoam® Standard) ,
rockwool (Grodan®) , Akadama soil, Kanuma pumice, river sand, and vermiculite produced high percentages of rooting similar
to or higher than that of Oasis”. At present, therefore, these media are recommended to be used in cutting propagation of P.
retrofiactum. Rooting of climbing stems was also good in hard types of phenolic resin foam for flower arrangement (Aquafoam®
Hard and Green Foam) , formed soil (Plant Plug®) , rice nursery soil (Kumiai Baido) , and sphagnum moss, whereas creeping
stems did not root well in these media, indicating that these can be used only for climbing stems. Peat moss was found to be

inadequate as a rooting medium because rooting percentages were low for both types of stems.

Key words: Artificial propagation, cuttage, Piperaceae, Ryukyus, Yaecyama region.
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Examination of effective pollen preservation methods for stable fruit production of bitter
gourd (Momordica charantia L.)

Naoki TANIAI V' , Masaki HIRATA? , Moritoshi TAMAKI

1) Okinawa Prefectural Agricultural Research Center, 820, Makabe, Itoman city, Okinawa, 901-0336, JAPAN
2) Okinawa Prefectural Gardening Promotion Division, 1-2-2, Izumizaki, Naha, Okinawa, 900-8570, JAPAN

Abstract

Reduced levels of fruiting due to low temperature damage in January and February in the Okinawa Prefecture have become

a problem. This study aimed to increase pollen germinating rates after pollen was stored in a freezer for a long period. Using

‘Shiokaze” pollen exposed to a temperature of 4 ° C and a low relative humidity for 60 minutes after being stored in a freezer at

-18°C, the germination rate of pollen was increased. Furthermore, when acclimatized for 60 minutes in a relative humidity of 99%

after preservation, the germinating rate of the pollen increased further. Pollination using pollen stored for approximately 60 days

using these methods resulted in a high germination rate, with no abnormalities observed in the fruit. These methods can be easily

implemented using a household refrigerator are effective for preventing low-temperature damage in forcing culture of bitter gourd.

Keywords: low temperature, pollen, promote, frozen preservation, pretreatment, acclimation
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To compare fruit traits in crossed seedling groups of "Irwin" and "Keitt" and a self-
pollination group of "Irwin"
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Humiko Hosaka®, Toshiya Yamamoto®

1 Okinawa Prefectural Agricultural Research Center Nago Branch
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4 Institute of Fruit Tree and Tea Science, NARO

Abstract

In order to ascertain the usefulness of crossed seedlings and self-pollination in breeding selection, we compared the fruit traits
and occurrence of frequency distributions in determining the appearance rate of selected individuals in the crossed seedling group
of "Irwin" and "Keitt" (hereafter termed the "crossed groups") and the self-pollination group "Irwin" (hereafter termed the "self-
pollination group"). As a result of comparing the fruit traits, the harvest date was later, fruit weight became heavier, fruit disorder
occurrence was higher, and skin color red was slightly thinner in the crossing groups than the self-pollination group. There was no
significant difference in sugar content or pulp color between the populations. The frequency distribution of fruit traits, including fruit
weight and fruit disorder occurrence, in the crossing groups had higher variance than in the self-pollination group, which led to a
mountain-shaped graph. Comparing the population mean value of the fruit traits with the cross-parent mean value, the fruit weight
of the self-pollination group was advantageously lighter than "Irwin". The appearance rate in selected individuals (individuals with
a fruit weight of 400 g or more, sugar content ( ° Brix) of 15 degrees or more, skin color of the stalk side becomes red, flesh disorder

incidence of less than 10) was higher in the crossing groups than in the self-pollination group.

As a result of the above findings, it was found that the crossing groups had a breeding advantage that many genotypes are
isolated at the genetic locus related to fruit weight rather than the self-pollination group and many individuals can be created that
satisfy selection goals. In addition, similar to other fruit trees, it was found that inbreeding depression affects fruits weight even in
mango. Therefore, we concluded that the crossing groups should be compared with the self-pollination group in mango breeding in

Okinawa Prefecture.

Keywords: breeding, fruit weight, DNA marker, interbreed crossing, inbreeding depression
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