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FoE

Ny, B—<wB8XORT Y B (Capsicum annuum var. angulosum Miller
or var. grossum Bailey) IZRREINB LTS B LREIE (Fig. 1), TARL R~ h, #
NAaB LR L 2EEOTABEM TH D, V7T HLRICIE, K25 BIFEET
DD, DN, C. annuum., C. frutescens.C. baccatum. C. pubescens ¥ X O\ C. chinense
D5 FEPRICT AV BEERICL > TR LS TE 7,

FNOHT T, PREKOBE P DIRFHIAZIFES L, 20T R85
REERE LI, 29— v _E2 R PICEFEE L L TAD - T & 7= (Bosland
& Votava 1999), 1493 4E, L TR IARL VFBICE VIO TI—1 v
W hUHT U HRHIAR 1548 FIZA F U X 1500 EREJICHR T — %]
1585 T A R, % LT 1700 4 ¥ X ENC & TS - 7= (Lippert & 1966),
FNOH T VIRBEIZH T HBEIGEDRE . HRFDIZL A EDOEIZBVTELE
BARETH Y, 2D &R RILRIEMIT R > T ER L E X b5 (Bosland
& Votava 1999, Bosland 2003), 72 C% C. annuum i, b U A7 8 —~< 1|
NIV HELTHLNTEY, BENICHLEET, HRFTRLEHESH
T3 (Bosland 2003), t—~v %, FETAA — F~ v /3— (Sweet pepper)
LRI, EADOHD MU HT UK L TELADRVERICOTONZHDOT
HD,

EE SRR EMARE (2006) 1Tk D L. 2005 FOLFIZKIT DI T D

LDAEPERIT 24,997,498t T, 7O THIR CE AEINTWBERANH Y | 4



Fig. 1. Diversity of Capsicum fruits.



WHEIZBW X2 RAEERDIZIF 50%B3EEI N TN D,

T2, BRENIZEBIT D0 728 AOAFERIZ OV T, 1965 121X 52,600 t,
2005 FEHFET 155,000 t TH Y, ZD 40 FEFTH 3 HTIERL TV B, Ll
220361965 457> B 1980 4EEH F TIHAER M 15% CTHBE RN L TV 503,
FRLARIEIRES L IIRAMERICH D, 2003 FOERNEY—~ CAERIT
MLAERRT, 2 AKRR, 3 LA@EMR LHEVTN D, BIFRIZIBWTIE,
1978 £ DFEEEREAS 300 ha Z#B 2, BHREZKEEE | LOLERLR-T,
Z D%, BERROE—~< U AEERIL, 1986 ££0 45,000t % £ — 7 ([ IZER L,
BIFEIL 30,000 t B CTHERB L TRV 2 MLOKRBRPERE L TETVD

BRI, £HERZBRIREHEOERESLEMA L, DB FHS O
REX., BeMtskO@BHE R, bLUEHBROZBKER P OICEERROE
REME feoTND, TORRIZ, B —~r (RE 1AL B215%LHEBEL .
RNTYH rAE (RE 240, ¥=2vY) (@E246). F12 (ZE 46 O
JECTH 2 (ERREBUKES 2005), 222 THbE—< i3, 30 bbb
AEREE 1 EHFLTETRY., BEHROBEICL > THEFICHERME
ELTHRLESIT O TV A,

BIFRIZEIT 3 < U BIEOBERIE., BROHDEIZEMEN D OBER
BBV THN=T U —] ROIERELRLIASR, BFERICHE LI0)
BREVIZEEDLN TV (BIROHREREZE R 2006, €OH, —EHDAIZ
Lo TEMIT SR TV, BBRESBOTHINAD LW L6, BEE

WL LTERLRNPST, LMLRMBDL, 1960 FEEHD BT 2O REYLLINE



WOER, FREOHEANILY, FEHRE - ORENEE Y, NT RE
e —w b L TREICHEEESIER L (J11#1998),

T, BIFRIZEIT 2 E—< B, BAROSMCEMBRS, HEO
ORI & 0 MR AMER L, W Lz, SHI2, B—< U HRIZBW T, Bk
BRREBERIZEIDEENALTETEY ., BERELZEBLTND, R TH,
Ry N—<A )V FEy MV AR (pepper mild mottle virus ; PMMoV) |
Phytophthora capsici \Z £ 5 & —~ &R E L O Ralstonia solanacearum \Z X 5%
MR ERREHO L T2 P —v VEMICKRE REE RIEL T2 (Fig. 2),
INLOEBRELZMAITHFEL LT, HBEHBRORATFANE LR
DEL HRMICER SN E T, LALLM, 1992 it Y VEEHET W
BT 2EESE (T NI A—AEEE) KLV AY VEBREDEICEE
S, ZOFERABBHFIINDGZ L LR SRINOLDREIZLDBREB—ED
WEILRPBEEREIND, RIEAFNVIZRDD Z 6 DIFEFEITHR 5 BiEREAT &
LT, EHEREOEANE Z DDA, HEROEREBEIC X 2RIKFIETIE,
EREFHEEMELEL T E BEFOBECHEMOEETRAT —VED
Rx RBRBEERICEGIND 720, BERHE~OZER RGO E AR
Thd, EHIT, FEERFIZIIT 2HFEOREIC L v BBEOEYII T 5 AR
HEHHED 72D, DNA v — W —IZ X 5 BELBEREDOBEN (Marker-assisted selection ;
MAS) (McCouch & Tanksley 1991) BNZEEh 5,

DNA ~——id, R#EHEIZR T DEERSIOENEZFHA L7 DNA O BEIT

b, BERBIUVBESEORLA RSB THEHINTE TS, BESHFICEW



Fig. 2. The damage and symptoms of pepper caused by soilborne diseases, pepper mild mottle virus, phytophthora
blight and bacterial wilt. Mosaic and leaf distortion (A and B), and mosaic and misshapen fruit (C) caused by
pepper mild mottle virus. Field symptoms (D), stem rot (E), black stem lesion (F) and fruit rot (G) caused by
Phytophthora capsici. Field symptoms (H), root rot (I) and milky white ooze of bacterial cells in clear water
from the stemof a plant infected with Ralstonia solanacearum.



Tid, BB L OREREN 7 DNA ~— 7 —2 R I, RERESCEEDR
EZER L LM b RIBRICITON TE TS (EADL 2003, F1#f 5
2006), —F . BESFICBWTL, FEREFEAECRE LA ARBEIESH
T H5DNA~—I—%FA L . BFEOHBIMHMRK HITE T3 (Sugita ©H 2004,
i 5 2004),

W5, v aA X+ XF (Arabidopsis thaliana) . 4 % (Oryza sativa) ZhiEsH &
T 5% < OEMIBNT, D FREFFEOFE L LT, DNA v—I— A
bd X iz o7 (Juenger & 2000, Yamamoto 5 2001), A R&#hDHETD
FEBEWICBW UL, BE AR EICEHE U723 < O DNA v —H —#
BRICBHEINTEY, Tox AW~ — I —BEFTRELBHINICED N T
W3, v—H—BEFEL, FEOBRREHFICEFIND Z LR, ik,
RETHANDORBEMLBEL LRV DD, HICRELLERIELND &V
HSFNENRH S (McCouch & Tanksley 1991), L LN S, B —<r TiE, 1 X
R b v FMEOMDEEEDIILERD L, DNA v — I —DREITEBNL TS, L
o T, E—v AW T HRIEHME, FEIRPME, BEERSBLIORE
HEEOHFEMEICHEGF LI DNA ~— I —%B% L., Thz AV #ine~—
A —BEBFRENROERANPEEND,

AHRIL, B —~ BT 5 DNA v — b — % AW BB OBRICE
THZLEZEWMZ, FECFENFEEZHAV., FREEICESET S DNA v—F
— D%, BERXOMEAL L0 FRIFIFREIZOWTHRT 5, D7D,

F 1 AR & O T AR PN AR HE SR A N B4R 0 32 RO RR B it oD BA



R EBRLIEREOFEREEFEIZOWT, § 2 ICENAARECEH L ST~
—A—DRRF L U —< BT D BB RESFH MK EREIR OB FIZOVWT, 3
WZREIR I A IRGIE D BIHIFHE & B EES 7 (Quantitative trait loci ;
QTL) f#HTIZ L 5 DNA = — I —DRARIZ OV TR, F 4 [TRABEEAICET

5EEREEM & QTL fi#HTic & 5 DNA ~— I —DRBIC W TRk 5,



%15  Capsicum annuum (23T 55BN 2 WA
ZZHE R SRS N B SR AE D B R & FERBRI Rt DFH

B¥ FRALRBESESDOE I, QTL IKL-o THEEIN TS, B—v
(BT DEIRROBF MR FII T b, REBORBRECEFORELHEIL,
QTL 235 LTWVB Z LA B L 725> T D (Ben  2001a, Thabuis & 2003,
Lafortune © 2005), L22L72235, QTL I & » TEXE IR TWAEIZHOWT
X, BE. ARBIVEBEZORBFMFCHEMOEFT AT —VEORRL IR JEH
BEICLIHELRZIVT. RENRBEOMEBRL Z LXEETH D,
TDZ LD QTL T % IEREIZIT 5 E TOREIREEEL I > T 5,

BE, Z<OBEHICBI2ERETIE, #F~v—V—%FIH L% MAS

(McCouch & Tanksley 1991) BSFEBHIZED LT\ 5, B—< BT~
—A—BRERELERAT 5720, B ETHREICEE L/ DNA ~—U—
DOBFEBLETH Y, £ODITiE, EER QTL DFHELIT 5 O D@28
LIRATASMEROBERBRAIR TH D, —HKHIC. BIEMEYICRIT 5EE
fEAT Ay BEE RN, MRS 21X (F)) R L2SHE (Backeross ; BC), f&n4uk

(Doubled Haploid ; DH), #H#4x B%E (Recombinant Inbred Line ; RIL) {23
WHERTWS (BB 2000), F, 3 X BC AT EER 2 0B TH Y, B
FTICETDIHAHCHMbENVD, ERBABSBUZEHED D QTL DFERB R
5ZEb, QTL ORHBREMES RD EWVWIXRANRH D (B 2000), 1ERE

72 QTL fEHT 24T 5 72 iid. B EIDORHEICIARE/R 2D & 5 BB DM AE HEIC



L o5merEEAb L7z DH /21X RIL 2 AWT, BERBEOFMEITH =
EREEND, ZNDLDORFEIL. F, BE O BC tHRED~T oSO S BEE
&L T, BYVIRLEENZRFMENTEX DL RITBWTENLTWVA DS,
RIL OFRIZIX, 8§ U LOBFERKLETHY . EL O EFHEET S,
—7% . DH OB RIL, HERENEZRAWD S, BRE TOERPE VA TRIL X
D HENTND,

ZZT, REIL, £ 1 T, DRAREEERENTHELO - OFESEOKRS
ZITV, 5 2 BT, RERICL SECITHOMEROER E ZZ TER L

DH RO REHIFEEIZ SV TiR~ 5,

FB1E RO EIERIEORET

1. %

i

BHE, WS O»DEBICEBWTIE, #EEICK2 DH 28 L= FREEL
WHZET, EHBICERSREREOBEEREBD L NARLER-TE, &
HERRIZ K D ¥ HEDOIEHIX. Guha & Maheshwari (1964) 2% Datura innoxia CH,
DL TLE, ZLDEREMTRALON TS, MU T T UHHITEWTIX, Wang
5 (1973) IZ& - THD TEEEOIERICKII L, ZD%. ZHEMICHEMY
EEBTDTOIZ, MNAFORERAT—V | FEHRERI L OTEE ORTLEEICD
WTRETENTE 7= (Sibi & 1979, Dumas & 1981), ERIZEB N TYH, B—~

CEROMRLLEZENE LTHERPRALNTETEY, £/7A56 (1990)



WA S (1995) I2&k->T, HFRICEAT HERMFOBRB TN, HFHrLRE
BEE2R CTHYEOEMEBHREZN TS, LrL, ZOREICBTHES
LEEOBHBRITN 1.5% FEULY) L&, i, BEEP CH LS~
OBELLEL T 00, BERMB L OEERITASBER S LTHY
57t KVHETE HICHEMEIRORNWFE~DHEPLETH D,
ZIZ T, AEICRE -~ BRI D HEEETOEZRL L FEMED KL

D12 D—EBFERERIEIC OV TRAT LT,

2. MER LU

1) eI

v UHREERICRT A EEORFICIE, RERPEBERBRE CERIN
Fs~AHA FOE—< [K9) (C annuum) HHER L7e, #5H:3 M0 A5
gzt K9], AEBEENAESEROMEME (201D DI, #XA
EEBROBEME (R, BERRREGRERRBICEVTRERIZLY
BoONT-RH No5) BIUHISTERETE (Bt O —< 5 RLEhRT
AVUBFEED N AT EAER PI 201234 B3O BFERRHK [AC2258] @k

OHT U1 R EMER L,

2) HEEREHOBRE
#rE# X, Dumas » (1981) OFEZHRELEZLDERAWE, T7kbb, 4~

6mm DIEELXEHIR L., 4CHET T4 HERKBOLE L, ZO%, 7 U —1 XV

10



FHT 70% (viv) =& 7 — T 20 FfH]. Tween 20 % 2 725 3 {#H0 L 7= 200 ml
D 0.5% (viv) REEFBET b Y U LERF T 20 BBE L. BE LREK
TI3EBEH Lz, ERBEMET CREEPOF/ LRV H L, 0.05 mgl A > F—
HelR (IAA). 50 g/l > afER X8 gl BRK&E¢e, CP i5Ht (Table 1) (Dumas
5 1981) T35C, BEERT T8 HREEE L2, £D%, 25C. BAT T 20 HH
HE& Lictk, 25°C. ASRBT OE LT,

INoDHFEZREEL LT, 25CTORERGIE, Bt 1AA REOKE
BIXUOEHPOY a FREDODEEBIZOWTRE L, /2, & 2206 4 » A

®RIC, BikiER L UM AERZRAE LT,

3) FOEER B D RAE M L

ISR ME D R LB AW T AR RFIZ OV T, REIOM B LT
FHED2) LT, HEHEARIZ, 0.005 mg/1IAA, 50 g/l > afER L8 g/l &
Rzate CP g (Table 1) ZMWz, & 2220 4 y ARIZ, BERkiER L O

MEEAEREZRE LT,

3. RER

1) WEREMORE

Table 2 {d, 25°CDEEZBIM M IEEREIS L M EREICRITTREEIZONT
FAELTHERTH D, MREFEARIZII0 BX TR OEVVETH -7, 40 BX

TIEVMETH -T2, —F., HEWEELERIZ, 200 BXTRLEL., 10 AKX 40

11



Table 1. The CP medium constituent used in this study

Concentration in culture medium (mg/1)

Constituent
CP medium
Major salt KNO; 2150
NH,NO, 1238
(NH,),80,4 34
CaCl,-2H,0 313
Ca(NO;),*4H,0 50
MgSO,-7H,0 412
KH,PO, 142
NaH,PO,-2H,0 38
KClI 7
Na,-EDTA 18.65
FeSO,-7H,0 13.9
Minor salt MnSO,+4~5H,0 22.13
ZnSO,-7H,0 3.625
H,BO, 3.15
KI 0.695
Na,Mo0,-2H,0 0.188
CuSO,-5H,0 0.016
CoCl,-6H,0 0.016
Vitamine myo-Inositol 50.3
pyridoxine HCI 5
acid nicotine 0.7
thiamine HCI 0.6
pantothenate Ca 0.5
vitamine B,, 0.03
biotine 0.005
glycine 0.1
pH 5.9

12



Table 2. Effects of duration of dark culture at 25°C in CP medium on the formation of
embryoid and the regeneration of plant

Duration of gark No. of buds  No. of embryoids Rate (%) No. of plants Rate (%)
culture at 25°C cultured generated regenerated
10 120 111 92.5 10 83
20 120 94 78.3 16 133
40 120 78 65 10 83

13



AXTEVETH o7z,

Table 3 I%. [AA REMPIBERER L OHEMEREICRITTREBIZIOVWTHEL
TRERTH D, BHRNMX THRRER X CHEDEORENRHZOND DD, TAA
FANBERE < 72 BI1E CMBRAERIIEL RHEAR ThoT, K bHEDIER
AROE 0.5 mg/l TIMX T, HEDEREARITERNMXOMN2HETHo T,

Table 4 1%, ¥ 3 FERBE D IRARAR L OB FEAICRIETREBIC OV THE
LERRTHD, MRERARIE, VaBBE0gIXTRELEL, 15g1KXT
BVWMETH -7, HEHERAERIT, 30 gl KTHRLEL., 15 gl KTEWMETH

277,

2) FrEREME O R R
Table 5 X, FERIZBITDRERE I L UM BT A O RHH LB AT TR T
BB, ARERAERIL, No.5I12 47.5% THRHE, RVTIK-9]D 44.0%, LA
230 DID 321%DIETH 72, —F . [IRP7=d] T 33%, BT T 04%BLT
[AC2258]1 T 2.9%LiEA > T, E7o, HEMEFEASRIT, TNo.5123253% TRRbE <,
KNT THEODY DI D243%THY ., [EPen] T20%B LV TEJr) T

04% L 1T E A EREDHZ LT, TAC2258) TIXEL BERHA LR T,

4. E%
B—<r OHEEEDEZRH R FIEIZHOWTIE, Dumas & (1981) 2L - TH

MTHRE STz, LOLERG, EHEEERIIXDOD TEL ., EEOFHEIC

14



Table 3. Effects of IAA concentrations in CP medium on the formation of embryoid and

the regeneration of plant
IAA concentrations No. of buds  No. of embryoids 0 No. of plants o
(mg/1) cultured generated Rate (%) regenerated Rate (%)
0 115 77 67 12 104
0.05 107 63 58.9 20 18.7
117 147 125.6 24 20.5

0.5
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Table 4. Effects of sucrose concentrations in CP medium on the formation of embryoid and

the regeneration of plant
; No. ofbuds  No. of embryoids No. of plants
Sucrose concentrations Ty P
@) cultured generated Rate (%)  regenerated Rate (%)
15 120 1 0.8 3 2.5
30 120 33 27.5 12 10.0
60 120 99 82.5 4 33

16



Table 5. Comparison of embryoid formation and plant regeneration with six accessions

No. of buds No. of embryoids No. of plants

Accessions cultured generated Rate (%) regenerated Rate (%)
K9 268 118 44.0 31 11.6
Tosahikari-D 218 70 32.1 53 243
Kyouyutaka 150 5 33 3 2.0
No.5 265 126 47.5 67 253
Shousuke 231 1 04 1 0.4
AC2258 103 3 29 0 0.0

17



RS 12D EFAERDR ERENEFEDOLE DUREZLEL L, £
I TCAREHTIE, DROREERIELHLT L7200, —BREEEREIZOWVTR
AL, ZORER, 25CTORERAEIZ. 20 A K THHERERI R HH
20, 133% Thotz, HHFOIAARBEIZOWVTIE, 0.5mg/l RINXK THRL &
72V, 205% ThHol-, PO aFEREIZOWVTIE, 30 gl KTHRLEL
2D, 100%Tholk, IHIT, 3 DOKBEREEZEAEDLEDZ LIZLo T,
BRHMEMERAROR EXHFEIND, ZhODEMERERIT. R/ AL
(1990) BHFRE—< U TITOLBERICHERTH, ZEFRBETHDIN, —B&
PEEE TS TSR R T COBESLE i~ OO HEREE Z LB L Lz
7z, KIEREMERE OGN D, Fio, HEERITHT D EERAER X OSSR
ADFREEZECHOWTIE, HRALIERERICEBWTERERENEO LN, B
HRIC L DD EREDRICRHEBERDH D Z LiX, BRICHO b H T e
LK, AALFETHLHREIN TS (Dumas & 1981, Morrison & 1986,
Anderson & 1987, Powell 1988), ABFFRIZ L D, —BRFEREEIEIZ L D 6 R OME
MERENRPALNE R0 | EMERBERICIT, TRETRERENAELD
TEPHB L, TNosl & THEOMNY D) THEERERNE L, AFED
BRAMSEWZ EARENE, £z, Nos) 1, bEbEFEERIZLVEDN
ERETHY, BOBHEEEELZ S EHNTNDIEDLEZILNLD, KRARFR
MICBNT, WHERICIDIMMEREDREA ST D I LT, HEREIN
ZERILT 2 ETHEICHETHY ., HERIFIRT HRMOBEICITH7IT

BETOIVLERD D, AFFEORHENS, V—v VR IR 5 —BRIEER

18



EOBRIL, IERDFEITLAENNTHY | B —~ U FEE L OEGHENTH

OEEMOBRICKESBERT I bDOLEEZ BN,

5. ME

Vv IR BT DM ERRIIEZ DO TELS ., EEOFREICHWS
DI EFAROE ERENMEEDL DREEZE LTV D, £Z T,
DEHRHERBITOMEL & BRIZ, —BRBEERIBC L D2ERMFIC OV TRE
L7z, EOfER, BEEE&E% 25C T 20 AREITV., 0.5 mgl IAA B I U30 g/l & =
AWML BB W TR bEMEBAERN G Rol, Fo. —EMEER
HBIZE D 6 REDHEMEREDENHALNLZRY, No5SI & THEDHY D)
THEMBERAERIE S, ZDI U TARFEOBEAESE N LR ET,
MEFEARIZIT, FREATRERENELDZ EAHEAL, HERICHAT
DRMOBEICIITHICEE LT ud 2o onz LARENTE, AHFROH
REPb, - URBRICRIT 5 —BREEEEOERIL. HEROFEICH~E
A THY, ©—v BRI ORIBHETASBER OFTRICKE SBRT S

bDLEZLNT,

19



F2H  EMNEBRRBEDOEREM AR DORE

1. %%

T

BICHENT D72 D DH £HOFRUIL, BF F OFBRICL - TUTbhs,
BERIZEDDBEROFRIZ, MRLHLIEI TORMRELELET, FHE
TOERZEMTEHL VI RIZBWT, fOBRFEICHABNL TS, £
e, BBIGTFENIEELILTEERETEEDOREDOHICL > THRSIN TS
D, ~NTRESRMORBRECIDIRAFEOILNS R, I HIZ, BHEIZLD
RRUBIZBWTH LR FALEBFRORMABOND Z &b, WEDOL
BENFEICEELTEBY, TORMR, BV BRLESEREORELZITO Z LAAWH
Thd, ZOZEnb, FERIZEL>TERI N DH £Mi%. FEBHOREE
R & o THEBLZZITOTVWENBEEMNTT 5720 DR b L rBER T
HHLEZLND, R, BEEITALE L TERINZRFBITE TEERMR
ThHHID, BEEMELTHATHZLLTES, £OKE, DH 2EKRT 5
WRECTHEOEE TSRS, HDEEIZB W TREDRLTFHIRS %
D¥EEZHELCDHFREM S H D,

BEWmIX, 2 DBEMFEICL > THE VLS TNED, P THNERREE
s B 7R & ORFEH R L OREERSIME T, BEERICEEREETHY.,
BECTLERAEORESEZ DD, Lirl, ZHL0BEIIENREEETE
WX TXE S, BHERBEELRTZO, BEERRXOBASCETE~OFIH

L, OF~—b—%2FH L= QTL ST L > THERED LTV 5,

20



£ T, AEITIR. BIGHETE LU DNA ~—5 — DB RIT ) b ORHEHE
I2&% DH ZyBESERIOF L, €I THEMLZ DH RO RBHIFFEIC OV TR

Do

2. MER LU

1) HERAE

PR & LT TK9-11] (C. annuum) % BT RBIEI TR I LTV 5 TAC2258)
EFRBELTREL, 20 FIBIOF, OFREEREETH D 176 RHD DH
£ % FAviz (Fig. 3. Table 6),

[K9-11] X, RERPERBERBRG TERINE K9] DOHFREEBRRR
T. P1159236 B3 PMMoV HHitE I’ 5D FEHMNEL | BHRBHRME. KRB
REARBZEADONIATOE—< T, BRRBERERRE CERINE

(% 15 1993, Sugita B 2004), TAC2258] X, FHRT 2 U B FEED P1201234
HRD BFERIKAHK TH Y . PMMoV BIRMETFEHE2H L. RRREEVRHEAE
T, BRI L THRECEMEA RS ROV VAR TH S (Smith & 1967,
WIS 1979),

%72, PMMoV HHMFMIZB W Tid, i DH £HIZmMZ., [K9-111 &

FAC2258] @ Fi % [AC2258] IZR LRELL THLNIT 190 EED BC, i

R L7,

2) RREREM X OB HMERL

21



Fig. 3. A and B showed the fruits and the flowers of the parents and F .
C showed the fruits of DH lines obtained from anther culture of
an F| hybrid between two accessions of [K9-11] and lAC2258 .

22



Table 6. The characteristics of the parents and F, used in this study

Resistant Immature Mature
Accessions Origin Species genotypes for Pungency  Phytophthora rot fruits color fruits color
PMMoV
K9-11 Japan  C. annuum L?/L? non-pungent  susceptibility ceder green red
AC2258 Mexico C. annuum LY /L pungent” resistance sulphury white red
i C. annuum L*/L ungent intermediate light green red
(K9-11 x AC2258) : pung resistance er

D Affecting the organs or taste or smell with a shape, acrid sensation.

23



HIEBIBICHOWTIL, A2 —2) IZ# U7, HEHMEKIZ, 001 mgl
2,4-dichlorophenoxyacetic acid (2, 4-D) & 0.01 mg/l # A X F >, 30 g/l > a ¥ER

LN 10 g/l ER#STe CP #5# (Table 1) %AV =,

3) NEfkG ik
BonBMMEERIL, SALET7 ) —0 MS EHUCBEEZ, N—IF%a T
A Mg BT L, ZOBICERRTIAF v 7 2y T, +00BE R
LRABLIMEETRE L, 1 AME. | cm AORDE a2y SITHX 28K, &
LI 1 BEgIZ =y 725 L, BIgalkt Lz, 1 BRRICERLICHEAIZ,

SOOI 1 BERBICHT T ARB~LBBISET,

4) REFRHR IOREREOTRES L

ReMERAEICIX, MBLRFED [K9-11) & TAC2258] B L UF, &, DHI76 %t
DEFJHNS 3 KT HOZ AW, TI7RRENT 8 A TAICER b LA ICHEHE
L. 10 A EAICHEAE L (MKS 5 : N:P:K=200:2000:200 mg/l) A -7- 18 cm
RURy PR A3L) ICBMEL, 10 AP 1 BEH OB (F—/18 20g/13L)
2iTo7-, BENBEERIX, BH30CLUT, KB 1SCLULTEHEL LK, FE
BBIBRE L OE DB DBEIZOWTIE, RILEHR LA OCHEEITo 7,
BRIERA 30 HOREL, 1 FHYY 3 RELHVWCHIE L7z, MRBLV
BECOVWTE, /FRAEAVWTREORbRWESZRIE Lz, #EEHIT,

T REREFHRFBBETHE L, REEIZOWTUL, INEER DARR
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EEHEEBETFRETRE L,

5) PMMoV D#fift.ie & URHLH M %

PMMoV EHTHEBERREICIL. BIHERATRIRMINIZTA VAR P, Z AW

(Sugita & 2004), PMMoV REILZE 100 g I 200 ml O FHEE®E (0.05 M
Na,HPO, * 12H,0, 0.05 M KH,PO4, 0.1% F4 7Y 22—/ B, pH7.0) ZMx.
RETHA P —THEEL., A% 6,000 rpm, 4°CT 10 5fEiE 0%, _E1E% 10,000
pm, 4°CT 10 7RO L7z, S5, EFE 100ml %729 0.64 g D NaCl, 3.14 ¢
DORYZF LT Y a—LEEML,30 4EKETEE L, £ D%, 10,000 rpm,
4CT 10 SpfmL L, EEEZE T, 6 ml/F 2 — 7 OEBRBAZER (0.05 M
Na,HPOy * 12H,0. 0.05 M KH,PO4,  0.1%. 0.02 M EDTA, pH 7.0) TH&E L
Tzo T DREEIK % 8,000 rpm, 4°CT 10 3fE L L. & HIZ, k% 30,000 rpm,
4°CT 60 SR g, EiEZHE T4 ml ORWEREKZHEMLCTHERE L, 12
BEf], 4 CTHER ICRBIRE o o BB EABERABK (20%. 30%. 40%. 50%
k) ICER L. 24,000 rpm, 4°CT 120 srfEL#. EFRBFEZHNTYA LR
HED/NY RESER Uz, BB % 35,000 rpm, 4°CC 120 SO L.
EEE#ET, 1 ml OREEXREK TV y M 12 K[, 4CTHEER., o008
JE3t (Shimadzu UV-2550) % V> 260 nm DFE R TY A NV REEEZRIE LT,

PMMoV #EREREIX. Y1V BoBHWBRELRAW, MLy 112 (20
ng/ml) Z#500 ODH—HR T X LA TEE LT, BESFMHT. 25°C, 24 FHERAT

T/ —RAF ¥ U RX—NIZHE Lz, BEOFE L, #3256 6 BRICE
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FEAER DA EEIZ XV HIE LT,

6) FAHaHMmk
FHAOFEIZ, Blum & (2002) OFEIHEVHAE L, T742bb, BETE% 30
MNH 40 HEDORERZ 1 ZEY-0 3 REAWT, Y%, BEXSEZEDHT

O DERREICLVFELZHW LT,

3. R
1) DH RHEDFE K
7,835 BEOBEFDFKEIEER L., 200 4 » B1IZ 177 OIERIH OB R

mrmohie (Fig.4), D%, 176 BENL BFEREFBIE LI,

2) REWEE
Fig. 5 1%, DH £HIC BT 2 FHYREMBOERE ML TS, FHTH D
K9-11] % 55.1 mm, [AC2258] i%60.0mm Tdh -7z, F;i%76.7mm %7 L,
WiHz LESETH -7, £/, DH ZFIZ DOV TIE, F#J 602 mm TH Y | 32.2
mm 25 114.5 mm ¥ TOHPHIZ RN oM L, EFEICo 8 Lz, MO
#1349 mm T, DH 2D 5 BEE DK 6% Th -7z,
Fig. 6 1X . DH&£MIZ 31T 5 R EBZR O EH S Hi %~ T, [K9-11] T 55.4 mm,
[AC2258] T324mm THotz, Fii345.0mm 2R L, MEOIEIEFHOMET

»HoTlz, £7-. DH ZHEIZHOWTIE, ¥ 41.5mm TH Y | 27.1 mm 7> 5 60.3 mm

26



Fig. 4. Anther culture of an F, hybrid between two accessions of C. annuum, 'K9-11] and
IAC2258]. Anthers in the sterilized buds were inoculated on CP medium (A): Plantlets
were regenerated after two to four months without transplanting to another medium (B):
Plantlet was transplanted into another medium (C): Anther cultured plants were
acclimatized under a mist (D).
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Fig. 5. Frequency distribution ofthe mean fruit length with a DH population of
sweet pepper. The vertical axis indicates the number of lines, and the
horizontal axis indicates the fruit length (mm).
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Fig. 6. Frequency distribution of'the mean fruit diameter with a DH population
of sweet pepper. The vertical axis indicates the number of lines, and the
horizontal axis indicates the fruit diameter (mm).
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FCOMBAICRZ/MM oML, EFEHICHBEL 72, [K9-11] X, DH RHED ks
HSERIMBEL, £7-. TAC2258] X THo RBEEHIIE Lz, MEMOZE
iX. DH 2K DS BERDK 69% ThH 0 . B K& RENBH LT,

Fig. 7 13, DH ££HIZ 51 2 RERHRE L 0 B %23, [K9-11] 23 0.99 T,
FAC2258] 73 1.86 TH-o7z, Fiid 1.71 Z/R L., WEOFEMEL Y [AC2258)
BNTEVMETH -7, £/, DH BHEICOVTiX, FH 1.50 TH Y., 0.67 25
2.81 £ CTOFBAICERF M L, EHEAICHBEL -, MBMOZEIX, DH 24

DBER DK 41% Th -T2,
Fig. 8 1. DH £HIcB I 3 REBOERESFE~T, [K9-11] 2% 385 g,
[AC2258] 2311.0g THotz, F1iX31.8g THY, WHOTEMELY [K9-11)
BNEVMETH 72, 72, DH RHICHOWTIE, ¥ 238 g THY. 9.6 g
5 50.3 g £ COHMPAIC 2RO L, EHEAICHBEL 72, [K9-11] 1%, DH %
HOENL 9FBBIMEL, 72, TAC2258) X T2 6 3FBBINLE L, mBHE

DElX. DH D5 BER DK 68% TH ¥ . LB KX RENTD b i,

3) PMMoV Gt aFAfhi#5 R
PMMoV BEHIMERIET (I7) 2R ORMIL. VAV ABEEEL 3 25 6 A T
BEOGIZ X D BEIERE 2 L MM E G T 2/ 2RV BRME O BRI I EEME% 6
H%E L THREHEIZA Lo (Fig. 9), MHTHD [K9-11] (FK
pitk, TAC2258) IIBRMETH o7z, Fiik TK9-11) LFUEHETHY | B

WETHAHZ LBMHEREINT-, £/, DH ZHEIZOWTIT, 176 Tt 99 Zfk

30



35

30

25

20

Number of lines

0.7 09 1.1 1.3 1.5 7 1.9 21 23 25 2.7 29

Ratio of fruit length to diameter

Fig. 7. Frequency distribution of the mean ratio of fruit length to diameter with a DH
population of sweet pepper. The vertical axis indicates the number of lines, and
the horizontal axis indicates the ratio of fruit length to diameter.
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Fig. 8. Frequency distribution ofthe mean fruit weight witha DH
population of sweet pepper. The vertical axis indicates the number
of lines, and the horizontal axis indicates the fruit weight (g).
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Fig. 9. Necrotic local lesions caused by pepper mild mottle virus on inoculated leaves of the
resistant line (left) and the susceptible line (right).
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IR, 77 BB RBIRMETH D . BC) RMEITHOWTIE, 190 ZHEH 100 RHEH
HHME. 90 BB BIFRMETH 7= (Table 7)., FNFHOERICEKIT AEH D
SyBELLIZ. DH B X O BC HRRICB T A BE—F @& T+ OHFI b 5Bt 1:1

IZE4A& L7- (Table 7).

3) FHFHMmAER

BRTE® 30 205 40 B B OREORERSE AV TERRELXToLER. @
BlCThHD [K-11) IZBWTERIFERINR o705, TAC2258] IZBWTiX
EHOEBNRD LNz, Fiid TAC2258] LRI FLORENRH Y, EBHEHE
BTHdZ ENHERENT, Fiz. DH BRI OWVTIE, 173 FFeH 100 {HET
FELDPERIN, 73 R TELOREBANE)N>T-, DH EHIZEBIT HFEHLFEH
O45yBELIE DH tARIZ I T 2 B— BB E T OHRF S 2 57BE 1:1 1286 (x

=421, pfE=0.04) L7z,

4. BE

V2 REREICBITOME. MBEBLUORERICEL T RHEBORERE
Bavhn—n4% O BFAEEL COBEAICIE, TBRFICLmeEE R
IRELEROBEBE R T ZEAHE SN TV S (Khambanonda 1950, Peterson
1959) | £ DD E DOV TOBRIGHRFEMIZBE - 5 ME TP 2, o, RE
HIZBELTH, BROREREZTRTZ L bHMEIN TV S (Khambanonda 1950,

Miyazawa 1953) , RHFREDFRERND | R, R, FEEBLIORZEED DH %
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Table 7. Segregation data for phenotypes of PMMoV resistance in DH and BC,

population
. Number of . . 2
Population lines Resistant Susceptible x (1:1) p value
DH 176 99 77 2.75 0.097
BC, 190 100 90 0.52 0.468
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HICBITDHESMIT, WTHHEGRICOBELIZZ L, ThbDOREFE
BIZE L COIEHROEN LR FPEEG L Tnd eHRAla iz, BEROBETFH
BETHREICOWTIL, MR E TORMLBER 2 AW IR FERFiE
TIZDBEHRAOEAIIRETH D, 4%, 7 F~— W —ZHNQIL <y
EZIZED TG QTL DEREZ M - THhRITF T 5720,

PMMoV HEHHE MRS R3S K O H 3 M#% R B L Cid, AR CRW = Fik
LD ENENDOREPHABRICHE T2 Z DB TE 72, FREIZOWTL, B
EETICHE—EBRETFXERICLIENRBLGRETHD Z LoRESIL T
%57 (Holmes 1937, Boukema 1982) . ARFFFEDFRERNH b Z D Z & Bfilbhiz,
L2sL, £ED DH TORBECOWTIX, x> REDH RS DH HRIH T
HE—EBEETOHMFINDIDBEL 11 ITEE LTS DD, PMMoV &
MEREIZ DO W TIIEGUER (TK9-11] &) 12, RITFEABREERIZHOVTHE
HDEENERGE (TK9-11] 8Y) OBFEIHIRFIND L 0 RORem o7z, /2. PMMoV
EHMEREIC OV TIX, BC HEARD/3BELL & Ll L T b 2 DBHEEHIRO0 VM
IZdolz, MUETIAIRIALFOFEEMBR DH £HICH W TIX, Bk
REBBEWEOF O OXMIBLFLWIKSND Z EICK VBt OEHLZ AL
HEWVWHIMENHD (Graner ©H 1991, Murigneux 5 1993), AAFFETHEAL 72

K9-11] 1%, TK-9] DHWERIZEL > THERINIRMTH Y . RFFRORERD
5 K9] & TAC2258] Tid, #WEEBEBILEBICKRERENDHD I LD,
B LREDMEV N TAC2258) DRF DX MBI TF A HER OBRICK W TRk S,

SBELLDEHREZE LT D WM TR SN, BE. BAERNLE L OEIRR
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MIZBWT, BbBIAS BELRERFEEL XITL TV D PMMoV DFFFEALIT Py
ToHBD, K9-11] iX, PI 159236 HRDOEHMERF L’ 2H L TEY, PpicxilL
I Z TR 0D, AFETELNEFIMIES R I LICEH L
DNA v —X—%B% L, ~— 7 —RKBERIC L 5 I B EORMER %
B &2 iR b,

AHFFE TH bW - BN A BEER TdH 5 DH176 Rtk LN b D RE
FIRERERE R, ABOE—<  FRIZEIT 5 DNA ~— U —F AT OB 3

CRESFET D LBHFEND,

5. WE

— BRI A AW TC, 7,835 BOEROKEEE L., 176 B L BFERE T
B/, ZhbDOENRHER ¥ DH176 R4 AV, SREFENFEORE
IToTlz, MEE, R, RERR LCREEOEGENICTOWVTIE, DHEFT
DHBECRB VN TW TG ERRDBEL R L b, TR o ORERIIC
B L CIIEHOERNREFNEE L TW\5E Z LA RBR S, PMMoV EHitER
L OELOBBRRUICE L TiE, DH B X UBC, tHRICHIT 558tz kv | B
—EBBEFXEICLIENRECHEETHDL Z R IN, £z, #HR
L7 DH £HIZ>W\WTik, R ENDOEELEFREIZIBWT, [K9-11] BIDHEEH
RREVMEMAICH D Z D, M OEREE L TOBAERMES R S Tz,
RIS TH O EEEIT A BEREE T 5 DHI76 Rtk L O EN b D HE

RISEMEREERE R, 58O —< FREIZEBIT 5 DNA ~— 7 —F| ABHT O BE %
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CRELSFETDZ LM ND,
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¥ 2E Capsicum annuum OFENAZHER RGN HBUEER % -
B — A — OB% & EGHIK D fERY

DNA v~ — b —ZB¥ETHFEL L TIE., —BROICHIRERENAT RS
(Restriction fragment length polymorphism ; RFLP) ¥, 7 % ABEET B2 H!
(Random amplified polymorphic DNA ; RAPD) 7 (Williams & 1990), <A 7 &
Y774 b (Microsatellites) , ¥ 7z (X HAMZEEF (Simple sequence repeat ; SSR)
1% (Tautz 1989, Weber & May 1989) 1 L ORI £ £ %! (Amplified fragment
length polymorphism ; AFLP) ¥ (Vos & 1995) &£ D EMNZS L THWOLH
TW3, 25D DNA v — A —%FAVT, %< OEY TEHFHHK OIERE D
LTEY, 2> TEL OFARKEIZET 2 BEHRAOBASZNIC
HEE L/-DNA ~v— I —0RHEINS L 527> TE 7 (Caranta & 1999, Moury
© 2000, Sun » 2005, Ferdous © 2006), & biZ, B EDOFMZRE T, QTL
DBEE LTS Z EMREL, Ef/ QTL 24T 5 72dIciX, KIS/ LA5EEK
AR LI EEMN A ER T 5 Z EBBERARTH D, £/, BHET5E
HIZ Lo TiE, BIOSBEERTH L BN 2R L 2T o anie®
PRRNTFREFHT, DBIER T HEMPLETH D,

T, AEZBWTIE, B 1 BETER LY —~ U EARHER R DH £H
FRAWT, £ 1 HiCENEETHD PMMoV (Pp) 123 B iEFiMEEG TR L
BLOEAREBICETLIEGTFE CICEH Lo F~—V—D%EZ. F2H

T HEGS/AFLP 3 X TR RAPD £ % A\ 7= s 7 @ 8 i R D ERUC DWW TR B,
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®W1E PMMoV (P) B BEFE L BXOELRKBICETIBIETE C I

HEL 75y F~—A— D%

1. %

Tl

PMMoV iZ. Py, Pi. PuBX U P13 D 4 SOIRFERUZHFE SN, Capsicum &
IZFB T, Table 8 12T & DI FRRENIH LT 4 S ORLRFEEET L,
PRI BHLZ ENMBNTWS, C. chinense (P1159236) HIED L’
K F1E P BUTKT LT, C. chacoense (P1260429) H13KD L’ KFIZ P B LU Py
Bzt LTI 2RI, LB L PRFIZOVTIE, T bk LG
ERIBRVWREHARLRBLRFHBLRFORIGETT I EPRESNTND

(Boukema 1982) ,

Fo, =< ¢RIL C annuum (ZBT D NUTT UL, M R¥EREFLT
BY, FERE L CRAEN, HRPTERIEHEINTND, ELDOERSIT
NTYPA T, REOAFTL LHICZFORERTICEREIND, —v il
B 2MRESOFERABE L. L0 R NUH T VBEBNETSHZ
EMNS FERIZETADNAY— I — I —~ U BRICBWCHEICERTH S,

WA, = i8N, ¥2 Y VEY A7 U A /L& (Cucumber mosaic
virus; CMV) (Ben & 2001b), b~ N AHRT v K7 4 /L k7 A L X (Tomato spotted
wilt virus ; TSWV) (Moury 5 2000) 38X OAKRT R A /LAY (Potato virus Y ;
PVY) (Caranta © 1999) FOFMRELEME, ¥4 (Blum 5 2002) I L UTH

R3ER (Popovsky & Paran 2000, Huh & 2001) ZOKEFREIZES L7~ DNA ~
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Table 8. Relationship between the resistant genotypes and
PMMoV pathotypes (Boukema 1982)

Resistant Tobamovirus pathotypes

genotypes Py P, Py, P
L' RV S S S
L’ R R S S
L’ R R R S
L’ R R R R

D R:resistant, S: susceptible.
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—A—PEHEINTETWS, LiL, —HBEIZHE L2 DNA ~—A—L»
FARERINTELT, 5B I HIZE OREICHS L2 EHAKR DNA v~ —1 —0
% EEREZ K> TV RITIXR LRV,

ZZ T, RETIE, BHMBETHSH PMMoV (Pr) 12Xt B IEHTMEER T IE
P BIOERRRICETIBEFE CICEHLESF~—I—DREIZHONT

k5,

2. MEtB X UHE
1) HERBEE
AL LT. TK9-111, [AC2258) B K URTEDE 2 #i THRK L 7= #HE%
B3E DH176 %Rz F VN7,
72¥. PMMoV EHIMEICES L7 DNA ~— b — 5B THDDO A NVTE
(Bulked segregant analysis) (Michelmore 5 1991) 28V TiX, K9] DO#HE#E
B3R DH R D 5 B, HHIHRHE 10 RHE, BFME 10 BHDOF 20 Tt 2 4t3l L

7‘:,
—o

2) DNA O
v—<rnb 0O DNA ik, HW EMLEZ AW T, CTAB # (Murray &
Thompson 1980) I35 & U' Nucleon PHYTOPURE (Amersham LIFE SCIENCE,

Buckinghamshire) (ZX V1To 7z,

42



3) 77 % Fv iz RAPD 4T

PMMoV #EHIMEIZESF L7z DNA ~— b — %R THD, L7 EICL D
RAPD T 24T o7z, K9] D#EEFEMK DH ZMHD 5 b, HEHERHR 10 Rt
D DNA 23V 7k LTeb D% THEHifE/SL 2 DNA| & LT, BRYE 10 BfED
DNA 3NV 7 Lizb D% TREFHMESLYZ DNA] & LT L2, 2 8ED 10
#E 77 A ~— (Operon Technologies, Alameda, CA) %IEA L 7= 809 DHAA

 OET, I —DBELIToI,

4) RAPD f#HT D et

PCR S EAEER IS #55Y DNA 20 ng, 1 x reaction buffer (10 mM Tris HCI, pH 8.3,
1.5 mM MgCly, 50 mM KC1), 200 uM dNTPs, 02 uM T > ¥ L7 T A ~=—_ 2 unit
rTag DNA R Y * 5 —¥ (Takara Biomedicals, Otsu), & &t 20 ul DRLKE TIT
572, PCR KT DV TiX, Perkin-Elmer GeneAmp PCR System 9600 33 & T} 9700
ZHWTITo 7, MO, 95CT 2 wEDBEMZITV., IRWTEEM A 94°C
Tl 7=—0 7% 35CT 2 M. MERKIEZ 72°CT 3 47, A3t 45
YA 7 VTHIBL, RKRIZ72°CT 7 M DL A L7, PCREEEMIL, 0.5x
TBE buffer (44.5 mM Tris/Borate., 1 mM EDTA/disodium) @ 2%7 4t —X 4L

(SeaKem GTG agarose, FMC BioProducts, Rockland) TEXKEI%, =F TV

LA7wa<wA FERTHRE LT,

5) L’ EETEEEICALET 5 DNA v—3—@ SCAR v —H —{k
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L ITH#EGLTW5 RAPD HIEEWE 7 Vo — X/ LV CHliL,. BET D
DNA Wrh a8l L7, 7T A0 & —1k (Geneclean, BIO101, La Jolla)
WL W HERIL 7, Z# % DNA Ligation Kit Ver.1 (Takara Biomedicals, Otsu) % H
VT pT7BlueT-vector (Stratagene., La Jolla) {238 #E L. KIFE IM109 5&#% (Toyobo,
Osaka) |ZFEERHAIL . HEFE S B 7, KEBHE IM109 2> 5 QIAprep Spin Miniprep Kit
(QIAGEN, Hilden) #FA\W T 7 X I REoBERERI%, EERSIORELEIT>
77. PCR FGRHARIZ. #5% DNA 20ng, 1 x reaction buffer (10 mM Tris HCI,
pH 8.3, 1.5mM MgCl,, 50 mM KCI), 200uM dNTPs, 0.2 pM PCR 7*J A ~—3
L Y1 unit r7Tag DNA K'Y 25— (Takara Biomedicals, Otsu) & L. KIS
B 20 W & L7z, PCR KIGEHIE., #1HIZ 95°CT 1 FEDEEERZITV, K
TEEMZ 94°CTI0 M, 7=—V 7% 55CT20 M. MENKIEE 12CT
40 B, BEF 35 VA Z L THIIE L, &%IC 2°CT 7 pMDOAEEZIT o7z, K
JEHE T % PCR HEIEES % 0.5 x TBE Ny 7 7 —Z W2 13% RV T 7 U7
FINVB LV 2%T Ha— A7)V CERKBH#, = F Vv hTnvA FEKR TR
& L7-, ¥ 7. Sequence-characterized amplified region (SCAR) ~— B — %,
FAC2258] xF; (TK9-11] x [AC2258]) Hi3k BC,190 &#td & U Capsicum J& 4
& 19 R % AV T PCR 21TV, E72., Capsicum B3 6 Tz FHWF A L

cr—b o B L D IRERSIZRE L. BEEHER L,

6) CEBEBETELHFIAET S SSR~Y—V—DRRFEL 7T 7 A MEF

Blum 5 (2002) O#EE S LT, T —F ~—R L fibrillin #f=zf (GenBank
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accession No. X77290) & fibrillin Bf5F Y4 % D Plastid-lipid-associated protein
(PAP) #Ef=F (GenBank accession No. AJ131456, Pozueta-Romero & 1997) 1&#
EHEIZTTA~v—%FRE L. PCR EEMIL. FA VI b —T v THEICK
DIEEEFIEZRE LTz, BONTERERST —F % b LICH I 6-FAM THEN
E# L7774 ~—PAP-SSR # &k L. ABI310 3L} GeneScanTM (Applied
Biosystems, Foster City) ZFHW\T7F 7 A MEWN #1To7z, 7. DNA v —
I —DENEEHERT D78, Capsicum J& 3 T 28 R E VT T 7 A 2 MENT
21TV, Capsicum B3 23 ZE AWK A VI b —F v 0 7B L D IEE
BHIZRE L, BoNkeT — 252 b LICUTOARIZI WV ZREREFH
(Polymorphic information content ; PIC) fE% R7=,

PIC = 1-ZiPif* (PijiXi~—H—IZBITHj T VILOEEL2RT),

7) T—H RN
LB IO CEBEFETEIIMET S DNA v —F — & {8 FIEOESEARTIL.

MAPMAKER/EXP 3.0b (Lander ©» 1987) TAiT-o7=,

3. R
1) NAZEICE D P RTFICES{ LTz RAPD ~— B — D%
PNV ZEIZRY, 809 DILABGDLET, I~ —DRAI Y == T 2T
FER, VI BTEEERT 1 DOT T4 v —EI8 &L, E18 /T A v—

WX o TR I B NV 7 AW A El18yn & BIRMESNL 7 HEE A
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El8ss 1%, "NV B THEAMDOH HLEE R LI, DI, ZThbDv—I—%
FWC DH £/IZ BT B2 5B DWW THERR L= & Z A (Fig. 10A, Table 9) | E18,7,
& El838 M 2 DM RAPD v — X —Id, % DH R#E TIIRFHIFET T, oM
R LTz, £2C, HERIT 21T o R, Th b0 RAPD ~—h—iX L’ AT
225 2.8cM IZHLEE L TW e,

K9-11) & TAC2258] % VT, El8y7 & El86 D 2 DD RAPD ¥ — 1 —I|Z
SOWTHERFI T L& 25, TK9-11] 28T 272 bp. [AC2258] 2B\
T286 bp DWTFE %7~ L, [K9-11 1233\ T 14 bp DR EHFRD b7 (Fig. 11),
WA IS, RERUSLOFHEEITRD T, ZOMREMIX 95% Th -7,

BoONTHBERSIT—F 2 b L2, ENEN3 >DT T A <— PMF1, PMF2
B L OPMRI1 &t L7z (Fig. 11), PMF1 & PMR1 O 7 F A ~—% AW =54
EHMEE R TK9-111 BT LD 269 bp DWrA PMFRI11,6 &, BFHMEE RS

[AC2258] L7 L v 283 bp MW - PMFR114g; 2588 X 417- (Fig. 10B), PMF2
& PMRI D7 T A =—ZRWizga, EHEZRd TK9-111 F7 L /vd 200 bp
DOW A PMFR21590 D A 2MEHE S 7= (Fig. 10C), #6- T, T4 5D PMFR115
& PMFRI1yg3 (33EEHE~— I —TH D, T PMFR21 500 [ IHHUMHER R RAY 72 B
v —I—ThHhdI BRIz, £/, DH £MIiZKiF 5 PCR DiFE,
PMFR 11585, PMFR1129 3 & T8 PMFR2129 iZ RAPD ~— 7 — & & U4yBE & = L
L RFM5 2.8cMIALE L 7=,

B L7e~— 0 — DR MERESR D=, TAC2258] x F (TK9-11] x TAC2258))

NHESNT- 190 D BC, £ AZHVW T, SCAR v—b — LR EIC X AL
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10 11 12 13

12 3 4 7 8 9
R R 8§ 8 S § S R S R S R S

Fig. 10. DNA amplification patterns with primers, E18 (A), PMF1
and PMRI1 (B), PMF2 and PMRI1 (C). M: Molecular marker
(@ X174/Haelll digest); K: TK9-111, A: T AC22581, 1-13:
Segregating DH individuals. Arrowheads indicate the
RAPD (A) and the SCAR markers (B and C) linked to the
L’ gene. R: resistant individuals. S: susceptible individuals.

47



8

Table 9. Segregation of RAPD and SCAR markers in DHY and BC,? populations

DH BC,

DNA markers Resistant Susceptible Resistant Susceptible

+ - + - + - + -
El 8272 95 0 3 0 nt4) nt nt nt
E18,46 2 0 73 0 nt nt nt nt
PMFR11,49 88 0 3 0 96 0 3 0
PMFR11,44 2 0 70 0 4 0 87 0
PMFR21,, 88 10 3 72 nt nt nt nt

DOne hundred seventy-three, 163 and 173 individuals of DH population were examined for the E18,,, and E18,,,, PMFR11,,, and
PMFRI1 1,,, and PMFR21,,, markers.

2 One hundred ninety individuals of the BC, population were examined for the PMFR11,¢, and PMFRI1 1,4, markers.
3 +and -: presence and absence ofthe DNA markers.

4) Not tested.



E18,,,1:
: GGACTGCAGAACAACAAT GGCACGIGGGTAAGGTCTTAAACAT TGT CATGTATAAAGCTAG

E18,0 1

61

6l:

107:
121:

167

181:

227:
241:

PMF1
GGACTGCAGAACAACAAT GGCACGIGGGTAAGGT CTTAAACAT TGT CAT GTATAAAGCTAG

Tk hlkkhk kkdk kdkk hdkhk hkk hkdkdk khhkPrehk khkk khkkhkkk kkk khkk khkhk khkhk kkk khkk kkk kk*k

PMF2

: GAT TAAAGAGTT|GCCAAAATGGTAATTG—— ——— ——— ——————AAACTARAAAGGAAT AAA

GAT TAAAGAGTT GCCAAAATGGTAATTGGACAT TTT TAACACAAACTAAAAAGGAATAAA

Jeded kokok ko ok ok dk deok ok dk ok ok ko ke kk ok kok ok %k kK ok d kokok kk ok kok ok okok ok

CAAATTGAAACAACGGGAGTAATACCTTTAACAGCAACCTCACGGAAGTTGGTCTTGGTG
CAAATTGAAACAACGGGAGTAATACCTTTAACAGCAACCTCACGGAAGTTGGTCTTGGTG

hhkhk hkhkhk hkhk Ahkhk khkk khkkhkhkk khkk khkk khkk khkhkkhkhk kkhkkkk kkk khkhkhkk kkk kkk kkk

: TTGGAGTAAAGCCTCTTCCAATCATCCAGAATCATCGGACTT GGAGGCAAGAGATCAAGA

TTGGAGTAAAGCCTCTTCCAATCATCCAGAATCATCGGACTTGGAGGCAAGAGATCAAGA

hhkhk hkhkk hkhk Ahkk hhkk hAhkhkkhkk khkk hkhkk hkhkk khkhkhkhk kkk hkkhkhhkkhkhkdk khk hhkk khkhxk

PMRI1

GGATTCTTTGGCTTAGGCTTGGGT GCTIGCT TCCTCCTCTGCAGTCC
GGATTCTTTGGCTTAGGCTTGGGT GCTIGCT TCCTCCTCTGCAGTCC

e de de k de ke ke ok e ok ke deke ke k ok ok gk e ke ke ke ke ke ke ke ke ke ke k ok ok ke kkok ok ke ok ke

Fig. 11. Nucleotide sequences of E18,4, and E18,4, fragments.

Underlined parts indicate the sequence of the E18 primer
for RAPD. Black borders indicate the positions of SCAR

primers. The upper sequence indicates the [K9-11] allele,

and the lower indicates the [ AC2258] allele. Asterisk

60
60

106
120

166
180

226
240

272
286

indicates an area with coincidental parts. Hyphen indicates

an area with insertion parts in the [AC2258 ] allele.
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P& OBREZRE LR, DHEMZAWEEHE L IZER Uoltta R, L
WCHEEHLTWD Z L3R S iz (Table 9),

Table 10 %, £EMED SCAR ~— 7 —PMFR1143 35 & TN PMFR 1129 & Capsicum
B 4 19 RFICB T A EAMEREGETFRICOWORLEDDTH D, TORE,
PMMoV EHIHEDBME TR LT, L', 2B LV L OFRHE TIZ PMFR11,0 138 H
Ehieol, BETRN L’ TH B 11 ZHOD 5 B 7 R/ TIZ PMFR11,6 23R H
SN, ThLUSD 4 RETIEBRE Sh AR o7z, P EEFESETETS
P1159236 BL T} T =H U | Tid, PMFRIly DRI S0, [P B
FE~TOTHETS F & OB ED || [T-143]), TR EXA R BLOTR
E'Y » b] TIZ PMFR11ys3 & PMFR11y6 O G 23MH E 7z, F£7-. Matsunaga
5 (2003) 12k o TR SNz WA-15008 i% L' Bt 2 AT H5RHEOA TR
Sh, PEETE2ETIHRETIIRH ST,

Fig. 12 I%, SCAR = — % —PMFR118; 3 & T PMFR11,60 % FIVN T, L #Hi1E
ZEIR D PL 159236 & LY IEFIMEREEIR O P1 260429 % &1 35 6 RFICE VT,
HEES| & AT LR AR, PMMoV RRtED TAC2258) & U 741
=7 F—] FRCHEERSEZ R L, £, BREEETE P %575 PI
159236, TK9-11] BL W =YV | 23F CHERSNEZR Lz, S6I2, &
PitEE TR L 2 A9 5 PI260429 (2T, TAC2258) & [H Y 74 L=TD
VA=) T THESR, TK9-11], PI159236 B X O [~UL=+1 | TiX 7 HExt
BXO 4 BEEFORENRD b, iz, P1260429 T, o 5 BRI

4 BT Cc—HEZSL (Single nucleotide polymorphism ; SNP) 2SHER iz,
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Table 10. Resistant genotypes to PMMoV and amplification with SCAR
markers, WA31-1500S8D, PMFR11,., and PMFR11,,, in 18
accessions of Capsicum spp

. . 2)
Accessions Species WA31-1500S PMFRIT  Resistant Reaction™ to
20283  genotypes P, Pi,3

AC2258 C. annuum 23 -+ L S S
Papri Gold C. annuum - -+ L' S S
Kyouyutaka C. annuum - -+ L! R S
Tosahikari D C. annuum - -+ L' R S
Tabasco ¥ C. frutescens - - + L’ R R
PI159236 ¥ C. chinense - + - L’ R R
K9-11 C . annuum - + - L3 R R
Berumasari C. annuum - + - L3 R R
Himukamidori C. annuum - + + L3 R R
T-143 C. annuum - + + L3 R R
Tosahime R C . annuum - + + L3 R R
Spirit C. annuum - + + L’} R R
Mihata 1 C. annuum - -+ L3 R R
Sarara C. annuum - -+ L’ R R
Miogi C. annuum - -+ L3 R R
Fiesta C. annuum - -+ L3 R R
P1260429 ¥ C. chacoense + -+ L? R R
Leira C. annuum + -+ L? R R
Special C . annuum + -+ L? R R

D This dominant SCAR marker was developed by Matsunaga et al. (2003).

2) ‘R” and ‘S’: ‘resistant; local lesions’ and ‘susceptible; no symptoms’ on inoculated leaves,

respectively.

3) ‘4> and “-’: presence and absence of the DNA markers.

“)These resistance genotypes were indicated by Boukema (1982).
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AC2258
Califomia wonder
K9-11

Berumasari

PI 159236
PI260429

AC2258
Califomia wonder
K9-11

Berumasari

PI 159236
PI1260429

AC2258
California wonder
K9-11
Berumasari
PI1159236
P1260429

AC2258
Califomnia wonder
K9-11

Berumasari
PI159236
PI1260429

AC2258
Califomia wonder
K9-11

Berumasari

PI 159236
PI260429

PMF1

CTGCAGAACAACAAT GGCACG
CTGCAGAACAACAATGGCACG
CTGCAGAACAACAAT GGCACG
CTGCAGAACAACAATGGCACG
CTGCAGAACAACAATGGCAC!
CTGCAGAACAACAATGGCAC

s
o

es 04 e _ee _es

IGGGTAAGGT CTTAAACAT TGT CAT GTATAAAGC TAGGAT
IGGGTAAGGT CTTAAACAT TGT CATGTATAAAGC TAGGAT
GGGTAAGGTCTTAAACAT TGT CATGTATAAAGC TAGGAT
IGGGTAAGGTCTTAAACAT TGT CATGTATAAAGCTAGGAT
IGGGTAAGGTCTTAAACAT TGT CATGTATAAAGC TAGGAT
AGGTGAGGT CTTAAACAT TGT CATGTC TAAAGC TAGGAT

kkk kokk kkk kkk hkkk kkk khk

Jhk Kk kkkkkkkkkkkkkhhkk kkkhk Akkhhkkhhkk kKK

61 : TAAAGAGTT GCCAAAATGGTAATTGGACAT TTT TAACACAAACTARAAAGGAA- ——————
61: TAAAGAGTT GCCARAATGGTAATT GGACATTTT TAACACAAACTAAAAAGGAA- ——————

61 : TAAAGAGTT GCCAAAATGGTAATT G-- ——= ——= === ———~ AAACTAARAAGGAA- —~——-—
61: TAAAGAGTT GCCAAAATGGTAATT G-~ ——— ~———~= ——— AAACTAAAAAGGAA- ——————
61: TAAAGAGTT GCCARAATGGTAATT G~ ~~~ === ————~—— AAACTAARAAGGAA- ——————

61 : TAAAGAGTT GCCAAAATGGTAATT GGACAT TTT TAACACAAACTAAAAAGGAAAGTCAGA

Tk kkk kkk khkk kkk khk kxk

* ok k Kk dhkk kkk khkk kkk kk

114: TAAACAAAT TGAAACAACGGGAGT AATACCTTTAACAGCAACCTCACGGAAGTTGGTCTT
114: TAAACARAT TGAAACAACGGGAGTAATACCTTTAACAGCAACCTCACGGAAGTTGGTCTT
100: TAAACAAAT TGAAACAACGGGAGTAATACCTTT AACAGCAACCTCACGGAAGTT GGTCTT
100: TAAACARAT TGAAACAACGGGAGTAAT ACCTTTAACAGCAACCTCACGGAAGTTGGTCTT
100: TAAACARAT TGAAACARCGGGAGTAAT ACCTTTAACAGCAACCTCACGGAAGTT GGT CTT
121: TAAACARAT TGAAACAACGGGAGTAAT ACCTTTAACAGCAACCTCACGGAAGTT GGTCTT

Kdkk khkk kkhk hkhkkkhkhkhkkhkk

174 : GGTGTT GGAGTAAAGCCTCTT
174 : GGTGTTGGAGTAAAGCCTCTT
160: GGTGTT GGAGTAAAGCCTCTT
160: GGTGTT GGAGTAAAGCCTCTT
160: GGTGTTGGAGTARAGCCTCTT
181: GGTGTTGGAGTARAGCCTCTT

khkkhkkdkhkkkhkhkhkhk hkhkhkk

234 : AAGAGGATTCTTTGGCTTAGG
234: AAGAGGATT CTTTGGCTTAGG
220: AAGAGGATTCTTTGGCTTAGG
220: AAGAGGATTCTTTGGCTTAGG
220: AAGAGGATTCTTTGGCTTAGG
241 : AAGAGGATTCTT TGGCTTAGG

hhkhkdhk khkhk khkhkhk khkk kkKx

dhkkhhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkhkkhkhkhkhhkhhdkhhk hhkkhhk

CCAATCATCCAGAAT CATCGGACT TGGAGGCAAGAGATC
CCAATCATCCAGAAT CATCGGACT TGGAGGCAAGAGATC
CCAATCATCCAGAAT CATCGGACT TGGAGGCAAGAGATC
CCAATCATCCAGAAT CATCGGACT TGGAGGCAAGAGATC
CCAATCATCCAGAAT CATCGGACT TGGAGGCAAGAGATC
CCAATCATCCAGGAT CAT CGGACT TGGAGGCAAGAGATC

Fokk ok hk ARKAKK  Fh KA AKRI hdk hh Kk Ak ok KAk Kk dokk
PMR1
CTTGGGTGCTIGCTTCCTCCTCTGCAGT CC|
CTTGGGTGCTIGCTTCCTCCTC TGCAGT CC|
CTTGGGTGCTIGC TTCCTCCTC TGCAGT CC|
CTTGGGTGCTGCTTCCTCCTC TGCAGT CC|
CTTGGGTGCTIGCTTCCTCCTCTGCAGT CC|
CTTGGGTGCTIGCTTCCTCCTCTGCAGT CC|

hhkk hkkhk khk hhkk khkk hkhkk kkk khkx *dkKk k%

60
60
60
60
60
60

113
113
99
99
99
120

173
173
159
159
159
180

233
233
219
219
219
240

283
283
269
269
269
290

Fig. 12. Nucleotide sequences of PMFR11 fragments on six accessions of three
species in Capsicum. Black borders indicate the positions of SCAR

primers, PMF1 and PMRI1. Hyphen indicates area with lacking parts.

Asterisk indicates area with coincidental parts.
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2) CEEBETEIHESH LT DNA ~— I — D%

fibrillin s 7 LICEkE S iz C BB THEEICES L7 CAPS v~ — % — (Blum b
2002) ORMERARTZ, AETHBEROE L LTHVWTWS TK9-11] BX
O TAC2258) Lo fibrillin B FAMEIZIX SNP XD b oz, &I T,
fibrillin &1 ¥4 % O PAP BinF BN OB AR | 2 i Lz &L Z 5, FifR
BRAAHLS 55 900 bp BRI CT~A 7 0T T4 MBRRH I, FAHDOHE
VW TK9-11) TIXTA D25 ERR VIR LIZH L, FADH D TAC2258] Tix 23 [A]
Thol, £ T, A 7u0H% 774 MEREFRATERMER LT TA ~—
ZERF L. 22 THE LR SSR v — 1 —PAP-SSR & ELOFERERE L LIC C
BETHEE OEGEENTZITo72 L 2 A, 0.6 cM DHEREICH D Z LARENT,
X HIZ, PAP-SSR # W=7 T 7 A v MEFTIZ X D | Capsicum J& 3 & 28 Z#RIZ
BII2EPHHEORETIE., O~ 7 VT T4 MERIZBWTHREESEE
FONT o EESRORMBI R TE, 10 DT LABRD LT (Table 11),

Fig. 13 1. Capsicum J& 3 F& 23 ZHIZI T, PAP-SSR Wi i % F\ THEEAD
FlaRE LIRERERT, 23 ZMH 10 HHE T TA 2325 BRR VIR LD~ A 7 o
P74 FEALTW, £D 10 %ML, ETFELOENE— U BILUONRT
VHBRET, (B 7 nr=TF O F—| (A v R~ ARy, [T 4
TRB), [R=F ) AT ORTYDRHETHEETN TN, EAh%E
BI2%MIE, RO 36 BRVRLEFETD I/ ] & 23 EKZVRLE
A3 2 [AC2258] ZERE, & T 1 ELUTO®RYIRLESITH-T, 2, 1=

HLED], [y bho), Ihanxo] BLXUPI159236 Tk, HEOBEARB LW
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Table 11. Genotypes of PAP-SSR loci in 28 accessions of three species
in Capsicum, using the primers labeled with fluorescent

chemicals
. . Coun Genotype
Accessions Species of oritgn Pungency of S SRt}l'(I))ci
K9-11 C. annuum Japan non-pungent 151/151
AC2258 C. annuum Mexico pungent 147/147
F, (K9-11 x AC2258) C. annuum Japan pungent 147/151
Kyouyutaka C. annuum Japan non-pungent 149/155
Kyousuzu C. annuum Japan non-pungent 155/155
Tosahikari-D C. annuum Japan non-pungent 121/151
Shousuke C. annuum Japan non-pungent 151/151
Miogi C. annuum Japan non-pungent 151/151
Himukamidori C. annuum Japan non-pungent 121/151
Kyounami C. annuum Japan non-pungent 122/122
Berumasari C. annuum Japan non-pungent 151/151
Miemidori C. annuum Japan non-pungent 115/115
Takanotsume C. annuum Japan pungent 121/121
Fushimiamanaga C. annuum Japan non-pungent 121/121
Nanzenji C. annuum Japan pungent 121/151
Shishitou C. annuum Japan pungent 115/115
Wonder bell C. annuum Japan non-pungent 151/151
California Wonder C. annuum USA non-pungent 151/151
Leila C. annuum EU non-pungent 151/151
Special C. annuum EU non-pungent 151/151
Spirit C. annuum EU non-pungent 151/151
Suizan C. annuum EU non-pungent 151/151
Habanero C. chinense Mexico pungent 120/120
Criollo de Morelos 334 C. annuum Mexico pungent 121/121
Jalapeiio C. annuum Guatemala pungent 176/176
LS 2341 C. annuum Malaysia  pungent 120/120
PI 159236 C. chinense Peru pungent 116/116
PI 260429 C.chacoense  Argentina pungent 120/120
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K9-11

AC2258
Kyousuzu
Shousuke

Miogi

Kyounami
Berumasari
Miemidori
Takanotsume
Fushimiamanaga
Shishitou
California Wonder
Leila

Special

Spirit

Suizan

Fiesta
Habanero
Criollo de morelos 334
Jalapeno
152341
PI159236
PI260429

K9-11)

AC2258)
Kyousuzu
Shousuke
Miogi

Kyounami
Berumasari
Miemidori
Takanotsume
Fushimiamanaga
Shishitou
California Wonder
Leila

Special

Spirit

Suizan

Fiesta
Habanero
Criollo de morelos 334
Jalapeno
LS2341
P1159236
PI260429

K9-11

AC2258
Kyousuzu
Shousuke

Miogi

Kyounami
Berumasari
Miemidori
Takanotsume
Fushimiamanaga
Shishitou
California Wonder
Leila

Special

Spirit

Suizan

Fiesta
Habanero
Criollo de morelos 334
Jalapeno
152341
PI159236
P1260429

93:
89:
97:
93:
93:

65:
65:
65:
:——-TTATGATAATTAATAATTAAAT
93:
93:
93:
93:
93:
: TTTTATGATAATTAATAATTAAAT
:——TTATGATAATTAATAATTAAAT
:——-TTATGATAATTAATAATTAAAT
63:
:——TTATGATAATTAATAATTAAAGTATTIIGCACATT TAARAGTCTATTTGGATTGAJQ
:-—-TTATGATAATTAATAATTTAAT

93

61
65
115

59
63

PRRPRRRRPRBERPRPRERPHERRRERPRREER R RP

;CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAARACTACCCCTGGATTTTT(
:CTCCARACTACCCCTGGATTTTT(
:CTCCARACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAARCTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCARACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
:CTCCAAACTACCCCTGGATTTTT(
sFTCCAAACTACCCCTGGATTTTT(
:CTCCAAARCTACCCCTGGATTTTT(

[TAATCTTTAATTAAGGATTAT----ATATATATATA
TAATCTTTAATTAAGGATTAT--—-ATATATATATA
[TAATCTTTAATTAAGGATTAT-~---ATATATATATA
[TAATCTTTAATTAAGGATTAT-—-—-—-ATATATATATA
[TAATCTTTAATTAAGGATTAT--—-ATATATATATA
[TAATCTTTAATTARGGATTAT--~-~-ATATATATATA
[TAATCTTTAATTAAGGATTAT----ATATATATATA
[TAATCTTTAATTAAGGATTATTTTTATATATATATA
[TAATCTTTAATTAAGGATTAT-—--ATATATATATA
[TAATCTTTAATTAAGGATTAT----ATATATATATA
TAATCTTTAATTAAGGATTATTTTTATATATATATA
[T AATCTTTAATTAAGGATTAT----ATATATATATA
[TAATCTTTAATTAAGGATTAT-—--ATATATATATA
[TAATCTTTAATTAAGGATTAT----ATATATATATA
' AATCTTTAATTAAGGATTAT----ATATATATATA
[TAATCTTTAATTAAGGATTAT----ATATATATATA
[TAATCTTTAATTAAGGATTAT-~-—-ATATATATATA
[TAATCTTTAATTAAGGATTAT----ATATATATATA
[TAATCTTTAATTAAGGATTAT----ATATATATATA
[TAATCTTTAATTAAGGATTAT----ATATATATATA
[T AATCTTTAATTAAGGATTAT----ATATATATATA
[TAATCTTTAATTAAGGATTATATTTATATATATA——
[TAATCTTTAATTAAGGATTAT----ATATATATATA

b ok ek Kk ek ek kK ok kK ok K A

b e e e e e ek Kk kodeok ok ke ok ok kk Khk ok ok ok Kk h

: TATATATA:
: TATATATATATATATATATATATATATATATATATA:
: TATA:
: TATATATA-
: TATATATA:-
: TATA:
¢ TATATATATATATATATATATATATATATATATATA.
: TATATATATATATATATATATATATATATATATATA
: TATATATATATATATATATATATATATATATATATA.
: TATATATATATATATATATATATATATATATATATA
: TATATATATATATATATATATATATATATATATATA.
: TATATATATATATATATATATATATATATATATATA.
:TA
: TATATATA-
:TATATATATATATATATATATATATATATATATATATATATATATATATATATATATA-
: TATATA-

: TATATA.

: TATATATATATATATATATATATATATATATATATA
: TATATATATATATATATATATATATATATATA
: TATATATATATATATATATATATATATATATATATATATA-
: TATATATATATATATATATATATATATATATATATA-
: TATATATATATATATATATATATATATATATATATA

TG

—-TTATGATAATTAATAATTAAAT
—-TTATGATAATTAATAATTAAAT
TTATGATAATTAATAATTAAAT
——-TTATGATAATTAATAATTAAAT
--TTATGATAATTAATAATTAAAT
TTATGATAATTAATAATTAAAT!
TTATGATAATTAATAATTAAAT

--TTATGATAATTAATAATTAAAT!
-—TTATGATAATTAATAATTAAAT
TTATGATAATT-————~—. -AAAT

—--TTATGATAATTAATAATTAAAT!
~-TTATGATAATTAATAATTAAAT
——TTATGATAATTAATAATTAAAT
TTATGATAATTAATAATTAAAT
--TTATGATAATTAATAATTAAAT

TTATGATAATTAATAATTAAAT

dokkkok ok kok Kk kK

*k

TATTTGCACATTTAAAAGTCTATTTGGATTGA(
TATTTGCACATTTAAAAGTCTATTTGGATTGA(
TATTTGCACATTTAAAAGTCTATTTGGATTGA(Q
TATTTGCACATTTAAAAGTCTATTTGGATTGA(
TATTTGCACATTTAAAAGTCTATTTGGATTGA(
TATTTEg:CATTTAAAAGTCTATTTGGATTGAC
TATTT] CATTTAAAAGTCTATTTGGATTGA(

TATTTGCACATTTAAAAGTCTATTTGGATTGA(
TATTTGCACATTTAAAAGTCTATTTGGATTGA(
TATTTGCACATTTAAAAGTCTATTTGGATTGA(
TATTTIGCACATTTARAAGTCTATTTGGATTGA(
TATTT[GCACATTTAAAAGTCTATTTGGATTGA(
TATTTGCACATTTAAAAGTCTATTTGGATTGA(]
TATTTGCACATTTARAAGTCTATTTGGATTGA(
TATTTIGCACATTTAAAAGTCTATTTGGATTGA(
TATTTIGCACATT TAAAAGTCTATTTGGATTGA(
TATTTIGCACATTTAAAAGTCTATTTGGATTGA(]
TATTTGCACATTTAAAAGTCTATTTGGATTGAG
TATTTGCACATTTAAAAGTCTATTTGGATTGAG
TATTTIGCACATTTARAAGTCTATTTGGATTGA(

TATTTIGCACATTTAAAAGTCTATTTGGATTGA(

ek e ek ok X kK ok ok ok ok ek Kk Kk e kok k ok kA

Fig. 13. Nucleotide sequences of PAP-SSR fragments on 23
accessions of three species in Capsicum. The microsatellite
region located 900 bp upstream from the start codon of the
fibrillin gene (Accession No.X77290). Black borders
indicate the positions of SSR primers used in this study.
Hyphen indicates area with lacking parts. Asterisk indicates
area with coincidental parts.
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88
96
92
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92
64
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92
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64
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59
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147
143
151
147
147
119
147
112
119
119
112
147
147
147
147
147

117
119
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117
113
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REEALA., PI 159236 33 L NP1 260429 Tlx. Z-FIL 1 » BT TSNP 233885 5
Nz, Zo~A47a¥%55 4 MERICBWTIiX, PIC £ 0.76 #:xL, %< D7

VIV DHER TE 12,

4. BE

PMMoV #EHIMEIZEE 35 DNA v— 4 —& L C, Lefebvre H (1995) 1. TR
M DH £ M %2 AW T I @EFEND 4.0 M IZHLET S RFLP v — 7 — % %
LTWAR, b~ 7a—T2ANTVnE7-DZ0ORHEMEMET, IVHSAE
DOHRFEIZHRHTE D PCR v — I —BUEL I b, 72, Matsunaga 5 (2003)
X, BNRHE ML AWT L BETE»D 1.5 M BUNIZZET 5 SCAR +
—H—ERBELTVEH, L IEfMERKERNL~— I —Th Y, [’ IR
FOBKICFIAATREZ: PCR v —F — X BRI TV, BiFECHAE
NOE —< VERIZIEW T, I bJA < BAE LR E fEEEL XKIFL TV 5 PMMoV
DFEFENL, P ThV ., ZRIZHET 2 L BHIHER T8 L7z DNA ~—7
—OB%., BIULERELEORPEFRIE RO TS,

AHFFETE DAL E18y72 & El8yg6 D 2 2D RAPD ~—4 —i%, HEEF|DOHHE
RIS . HOBEERTZ LD, INBIETETHD LTSNS, K
PiEZ RO 11 THD 5 H 7 ZHTIE PMFRI e SR STz, ZOZ &b L
EHMEREER TH 5 PI 159236 ZFR< 6 RAEICDOVTiL, PI 159236 B3ED L
BELFEROZLPHEIND (R B 5 1993, AL 1999), —F, 4 Rk

T P BEFEEHLEID PMFR g SR I N2> 7283, 2 iTisHireg
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GRS PI 159236 LITRARD, F7-I3REERICIHV T PMFR]1 1 & LV #EfE
FHITHBZ DAL U L #ERESN S, L EFAEEEGERE LTI P1159236
WBE4 THBD, Pl 159236 LA U C. chinense Td 5 PI 22225 & L’ itk & A&
T %, PMFR116 R SR D0 72 20D D 4 ZFRIZHOWTIE, Wb R
FED 720 F DOBEFIBEDFEHMIZHA BN S TWVRWAS, PI 22225 B3KD L
BIEEE T AR H D, AL THF L2 SCAR ¥~ — % —PMFRI11 B X
'PMFR21 i3, B —< > BHEIZHIT S PI 159236 HKD [ BEFEADTZHD
DNA v—H—& LTHER I LBRENT, 6T, BEBRSIFITRHRN?O.
L IR IR O P1260429 1% LT H BRI ZRT 2 & h b, LI R R
KOIZDDDNA v~—H— ¢ LTHBHEHTE D LBRRENT,

Blum 5 (2002) iZ&-> T, FARBRICEATD C BIoTEND 04 M IMETD
Cleaved amplified polymorphic sequence (CAPS)~— 4 —3BEIZB RS TUVB23,
AR TR TNDIKI-11]BEUTAC2258) M TERIZRIZRNZENE, FLAMED
BWE 7272 DNA ~—h—DORBENLE TN,

CEBIZFREICOWTIIE 2 Qe D RERIIALE L TV % (Ben 5 2001b)
Blum & (2002) i%. C. annuum & C. frutescens DFEMIAHE F, £ %2 HAWC. C
BIEFEND 04 cMICALET S CAPS v+ — I —%BFE LT\ 5, D CAPS <
—H—IX, cDNA # 7 T 7 v aillkoTHLI, T —F~—ZX kD fibrillin
BLRFEERII—B LTV EHELTWS (Blum & 2002), LML, AET
SEEEMOBLE LTHW TS TK9-11] & TAC2258) [T, fibrillin BT

AL TORERSNOBENEZHIR T D Z LIk o7z, £ T, R
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BB 900 bp LA CHO~A 7Y T T4 MEREFFA L, CE&=FEN
5 0.6 cM IZNL{B 9 5 SSR ¥ — 7 —PAP-SSR # A% L7z, Z OFEBIZ OV T,
Capsicum J& 3 &= R\ =7 7 7 A ¥ MEVTE L OEEES IS RICEY, £
DT VANBFEL, BE~—V—L LTOEIEL2HERTE 2, MHRESED
ERMEEZ, FHODDFEARFABPBREELTNDIZ ENREN, LoT, &
DHRIZEV/BONTZFERIZEATSH SSR v— I —iF, ¥ —~<v BREIZBNTIE
HICEELQRDNA v~ — I —Th V| AROLHFEREFHFTL L O~ —h —&K

FRIZAEMT52b0LEZOND,

5. HE

b (C. annuum) BNZIHEIC X B 176 ZH O #atE e 30K (%0 (DH)
EHEAV, ST EICEY PEETFICESH L RAPD ~— 7 —DORFEEZ{T-
7o T THLNZIENED RAPD v — 5 —El18)7 BN El8yg6 (ZDWVT, 7
n—= 7%, HERFIEZREL, SCAR v—F—|[ZZ# L7z, DHEMB IO
R LRECER 2 FU 2 PCR AT DFER. 2T SCAR ¥ —%—, PMFRI1lx0,
PMFR 1123 35 & U PMFR2149 1% RAPD ~— W — LR U B4R R L, L BmFH
b 2.8 cM DEEBEICALE ST bz, X HIC, HEMD SCAR = — 4 —PMFR11y9
3 L UV PMFRI11y3 & VN T Capsicum J& 4 T 19 ZRICB T DHIMEORE #1T
ST fER, AETHZ L/ SCAR v—F—%, B—~< U FRIZEIT 5 PI159236
B¥ LB ETEADESO~— —BKBRICEDRZ LB RR SN, &5

2, HEEIFIRENTRE R D LTS EEREIR O P1260429 125t L TH 2R &R
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TZED, LRI RISBIKR DO DD DNA v —H— & LTHERATE B &
DR S LTz,

E bl C BInFREAFED~——%%525 7%, Plastid-lipid-associated protein
(PAP) Bin¥ LiiD~A 7 a¥7 54 MEEEFIH L, CBIETFHEID 0.6 cM
\ZALE 9 % SSR ¥ — 7 —PAP-SSR #BR% L7z, Z OFERIZOWTIX, Capsicum
B3 EERAWET T 7 AL MENTR LU ERSIEITERICEY, 2<DT L
NHFEL, BR~— D —L LCOEIMEEZHER T2,

UEDZ Ens, RETHELNEZ B LIV CITEHE L DNA ~—T—iF,
E—v UBRICBVWTCHRICERR DNA v — 1 —TH Y, SR OHFEREEN

MREBI O~ —I—BKFRICEBRT I bDEEZBND,
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H2H ESUHIKOIER

1. %

(il

S DOERIZIX, RFLP v —X4—, RAPD ¥v—#%—, SSR¥v— U —B LV
AFLP = —H—EB—BIICHW LTS, Table 121, TNENDFEIZD
WTORKMEEE LD LDTHSD, RFLP 1L, B o b~ — — 3 EARRICIE
te~w—H—THBHH, PCR #FEA L L7z RAPD, SSR 5L T AFLP (ZLE_EE
DDNA ZXEL L, £ OFFERE /), aX V2B ET5, £z, toFiE
IR —BIB O AV ROBEL AR =y B 7 RITEFE IR,
RAPD I, O FEIHARBEE LB LT, HHIITX 5720, &Kb—RHNIC
TONTWAFETH D, LL, Bohd~—I—I3ERNIEE~—I—
T&HY . PCR ODERERRE., Ny 77 —RBEZSOERICLVEFEHRENR O
WA NH D, £z, AFLP IZHREL D DNA ZHEE L, —EIBELN D
v ROEIZ, RFLP IZHTEWAS, AFLP IZHA~3 LA 720y, —F . AFLP I,
—BIZEL DRV FREBLN, <y B 7 ORIIIEFEITEH VD, EEINEH
TRREZET DI L, 74V b—TRHMEBR LT TA~—IZ LD =T Y
EROWTRET2BIR — R TH D | Bffiloiles & R4 LE L T 5, T8,
Kawasaki & (2000) |2 &> TR I/ NEUBEBRKEEBE L AW AT A
(HEGS: High efficiency genome scanning) & AFLP Z#AG O THWS Z & T,
TAY M=K REHREELTICES IR L EFHMR 2 ERT S &

WR[RE & 7R o Tz,
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Table 12. Comparisonof RFLP, RAPD, AFLP, SSR and HEGS/AFLP for genetic analysis

Methods

RFLP RAPD AFLP SSR HEGS/AFLP
Amount of DNAs Many Middle Little Middle Little
Number of bands at once Little Middle Many Single Many
Expenses Expensive Expensive Inexpensive Expensive in initial Inexpensive
Reproduction High : Low High High High
Experience Necessary Unnecessary Necessary Unnecessary Middle
Equipments Necessary Unnecessary Necessary Unnecessary Unnecessary
Marker types Codominant Dominant Dominant Codominant Dominant

(codominat in part) (codominat in part)




FNoFTVHIZBOWTIE, ZHETCh~ FHRD RFLP v —7 % AT
Tanksley © (1988). Prince © (1993), Lefebvre © (1995) 33 LT Livingstone
5 (1999) AESHMRTDOEREITF-> TS, £, Kang b (2001) i, BRI
HED Fy £ % V> 150 O RFLP 38 L OV 430 @ AFLP ~— 4 —IZ L 5 #EGH K D
ERZIToTW5, LML, TNODOFEIL, Z<DOFEHEETLHE, TA4Y
F—7ROE MR LR ENEL T 5120, —REIZITHY Z LR TH B,

% Z T, AEITrX, HEGS/AFLP ¥ £ U RAPD k% FV /- Gl 70 B g H X D 7E

Bz OV TR B,

2. MERB XA
1) B3R
fHEEA Rl LT, TK9-11], TAC2258) BLURIEDE 2 Hi THERL L 7= #h5#

3 DH176 R#t & AV =,

2) DNA #iHd

DNA O, AFTEE 1 i TR/ HFEIZHEL -,

3) RAPD fi#HT D5
10 EEB L OV 12 #5#  (Operon Technologies, Alameda, CA ; BEX, Tokyo) @
2397 F U F LT FA v — B EOEEAWTIT o7, PCR FIGGER L OIS

WHERRIX, REOFE 1B TR HEICHE LT,
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4) AFLP f#tr O 54

AFLP O3y REEBRMIZ OV TIX, Vos & (1995) DFiEEFV, EXkE)
&Y ROBRHIZ DWW Tit Kawasaki & (2000, 2003) (2 & % HEGS i£%& VT
fTo7-., T72bH, $5 DNA 250 ng % Msel 5 unit & EcoRI 5 unit, Msel 5 unit
& Pstl 5 unit 35 X U Msel 5 unit & Xbal 5 unit TEIWF L, 7 ¥ 7% — (Table 13)
BREA L%, 1EIEOMIET T A ~— (Table 13) %AV PCR KIS %1To 7,
PCR E# % 1/10 TE (Tris EDTA) /X 7 7 — T 1/100 IZ&A R L 72 b D % $557 DNA
L, ¥V T 4T 7T A ~— (Table 13) ZFHWVWT 10 Wl RET2[EH®D PCR
RIE%FT o7, PCR E®H%E 13% KRV T 27 VLT I RFAVT 4 EOBRIKEER

(BAR=xTA KF—, Tokyo) & H\ T, 250V T 3043, 420 V T 3 BFIERIKEI L\
SYBR Green1 (BMA, Rockland) T30 p#e%k, 71t af A—U7F 74 %

— (FLA-3000G, Fujifilm, Tokyo) % AV VEbEE#K &K 473 nm THH L7z,

5) RFLP, SCAR, CAPS 5 X O SSR & D 444

RFLP fE#TiX, a—RXNVKRFXIVHGBESN- I~ MHRD3 70— 2T 00—
7'IZ Gene Image (Amersham LIFE SCIENCE, Buckinghamshire) % F\>T#T - 7z,
SCAR v —H—IZ 2\ Ti, BEIZHREDH BT T4 ~—FREFIH L7z (Table
14), CAPS ¥ —H —{ZOWWTiX, 7 —& X— R _EOBEMEEF DB EE S EH
b LIS TA~—%FEH LTz (Table 14), SSR v —H—{ZOW\WTiX, 7—%
~N—2Z X v B45 L 7= Expressed sequence tag (EST) %% b L 12, SSR fHIZ &

DTS ITA~w—%Re L7z (Table 14), F7=. BEIZHE I T\ 5 EEHX L B
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Table 13. Nucleotide sequences of the primers and adapters used in AFLP analysis

Primers / Adapters Nucleotide sequences

Mse 1 adapter 1 5’- gac gat gag tcc tga g -3’

Msel adapter 2 5’- tac tca gga ctc at -3’

EcoR1 adapter 1 5’- ctc gta gac tgc gta cc -3’

EcoR1 adapter 2 5’- aat tgg tac gca gtc tac -3’

Pst1 adapter 1 5°- ctc gta gac tgc gta cat gca -3’

Pst1 adapter 2 5’- tgt acg cag tct ac -3’

Xbal adapter 1 5’- ctc gta gac tgc gta cc -3’

Xbal adapter 2 5’- cta ggg tac gca gte tac -3’

Msel primer (+1) 5’- gat gtg tcc tga gta ac -3’

EcoR1 primer (+1) 5’- gac tgc gta cca att ca -3’

Pst1 primer (+1) 5’- gac tgc gta cat gca gg -3’

Xbal primer (+1) 5’- gac tgc gta ccc tag ac-3’
5°- gat gtg tcc tga gta ac + aa(M1), ac(M2), ag(M3), at(M4),

Msel primer (+3) ca(M5), cc(M6), cg(M7), ct(M8), ga(M9), gc(M10), gg(M11),
gt(M12), ta(M13), tc(M14), tg(M15), tt(M16) -3’
57- gac tgc gta cca att ca + aa(El), ac(E2), ag(E3), at(E4),

EcoR1 primer (+3) ca(ES), cc(E6), cg(E7), ct(E8), ga(E9), gc(E10), gg(Ell),
gt(E12), ta(E13), tc(E14), tg(E15), tt(E16) -3’

Pst1 primer (+3) 5’- gac tgc gta cat gca gg + ga, gt, ta, tc, tg, tt -3’

Xbal primer (+3) 5’- gac tgc gta ccc tag ac + cc(X6), cg(X7), ct(X8), ga(X9),

g2c(X10), gg(X11) -3’
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Table 14. Nuckotide sequences and information of the primers used in this study

Markers”  Primers Description Forward primer Reverse primer Reference

CAPS CCs C.annuum capsanthin/capsorubin synthase gene 5'-gggtacatggtggctegtag-3' S'-gagggacaagagtggagcag-3' X77289

CAPS Sn-2 C.annuum Sn-2 gene 5'-tgaagtgtggaggaagectg-3' 5'-gegtegattgatggggecaa-3' X79231

CAPS LCYB C.annuum lycopene Beta-cyclase 5'-gcaccttgttgggaaaatatggatacge-3' 5'-gatcccagataagtcgaattcattc-3' X86221

CAPS N4F6R6 Nicotiana glutinosa virus resistance (N ) gene S5'-aggctctgggataagggaactacca-4' 5'-tgatggtggaaccaactcgggatc-3' U15605

SCAR ASC002 CAPS marker linked to Pvr4 in pepper” 5'-cgaagagagaaggtc-3' 5'-tcagggtaggttatt-3' Caranta et al . 1999

SCAR H6-4 SCAR marker linked to Bs3 in pepper S'-aagcttaacacatctttc-3' S'-ttaaacggtggetgttac-3' Pierre et al . 2000

SCAR H17-52 SCAR marker linked to Bs3 in pepper S'-cttatataataacagaggceg-3' 5'-gtaatgagccacactaac-3' Pierre et al . 2000

SCAR S19 CAPS marker linked to Bs2 in pepper” 5'-ctgaccagccaaacatgg-3' 5'-ctgaccagccctttcaacttac-3' Tai et al. 1999

SCAR PMFRI1 SCAR marker linked to L* in pepper 5'-ctgcagaacaacaatggcacg-3' 5'-ggactgcagaggaggaage-3' Sugita et al . 2004

SCAR PMFR21 SCAR marker linked to L* in pepper 5'-gccaaaatggtaattgaaac-3' 5'-ggactgcagaggaggaagc-3' Sugita e al . 2004

SCAR D11Scar650 SCAR marker developed from RAPD marker D11g, 5'-aatcacactgggttgttgac-3' 5'-ctggataagatggaagagga-3' Ogundiwin et al . 2005

SCAR Bs2 C.chacoense disease resistance protein Bs2 mRNA  5'-tgcctgggcetaccatatete-3' S'-acagatccacttgggcaatc-3' AF202179, Ogundiwin et al . 2005
SSR PAP-SSR Microsatellite from C.annuum PAP gene 5'-ctccaaactaccectggatttttc-3' S'-gtcaatccaaatagacttttaaatgtge-3' X77290, AJ131456, Sugita et al . 2005
SSR Hpms 1-41 Pepper microsatellite from Hind 11l library 5‘-gggtatcatccgngaaagnagg-3‘ 5'-caagaggtatcacaacatgagagg-3' Lee et al . 2004

SSR Hpms 1-43 Pepper microsatellite from Hind 111 library 5'-aaccagcaatcccatgaaaacc-3' 5'-gggctttggggagaatagtptg-3' Lee et al . 2004

SSR Hpms 2-24 Pepper microsatellite from Ps¢ [/Mbo I library S'-tcgtattggcttgtgatttaccg-3' 5'-ttgaatcgaatacccgcaggag-3' Lee et al . 2004

SSR Hpmshp MADS Microsatellite from C.annuum MADS gene S'-tgctttcaaaacaatttgcatgg-4' 5'-gcgtctaatgcaaaacacacattac-3' Lee et al. 2004

SSR AF242731 Microsatellite marker designed from EST of pepper ~ 5'-gggctgacggccattaagaac-3' S'-cagacagctagaaagagaggaattctg-3' Lee et al. 2004

SSR SSR6 Microsatellite marker designed from SSR sequence  5'-tgggaagagaaattgtgaaagc-3' S'-agacccaatgtggtccaatc-3' Ogundiwin et al . 2005

SSR PM12 Microsatellite marker designed from EST of pepper  5'-gcagaagccataattggctg-3' S'-ggagttaactcaaaggttgc-3' BMO067867, Sugita et al . 2006
SSR PM18 Microsatellite marker designed from EST of pepper ~ 5'-cgacagtctttcaagaactaga-3' 5'-agtggagcaaacacagcaga-3' CA516439, Sugita et al . 2006
SSR PM37 Microsatellite marker designed from EST of pepper ~ 5'-cggaaactaaacacactttctc-3' S'-cggttccggeaacggetatt-3' CA525390, Sugita et al . 2006
SSR PMS3 Microsatellite marker designed from EST of pepper  5'-cgcgccagttcaacttccga-3' 5'-gcagcaaagtctacaacctcag-3' CAB847557, Sugita et al . 2006

1) Cleaved amplified poly morphic sequence markers and simple sequence repeat markers were used to design gene sequence with previously established database.
Sequence-characterized amp lified region markers were from published literature.

2) These CAPS markers were available as dominant SCAR markers on our DH population.



BT XEA7H, Lee H (2004) 38X O Ogundiwin & (2005) 12X o THisE X

NTW5B 76 D SSR v—H—FB L7 D SCAR v —h— %43 L7~ (Table 14),

7) T —Z M
DNA ~— 7 —BLIRLBIOC D 2 >EREET—F%2HVT,
MAPMAKER/EXP 3.0b (Lander & 1987) 12XV, B AKHKEH % fi 25 cM, LOD A

27 3.0 L LSRG CESEBT 21T o1,

3. MR
1) RAPD v — W —K L T'AFLP ~— U — D%

RAPD H£IC £ 5 2,397 75 A ~—#AE b2 AWMV F (%
BUR) 13 1,305/10,941 (11.9%) &720 . 1 T4 ~v—%7 v OEHZHEYEYE
N F#0X 0.5/4.6 ThH -T2, £7-. HEGS/AFLP (Fig. 14) % Fi\ /= EcoRl/Msel.
Pstl/Msel 33 X O Xbal/Msel D% 184, 95 8L V94 T4 v —HABDEIZL D
MEBRBK N R (BRIR) T, 1,349/11,074 (12.2%) . 418/3,150 (13.3%)
BLU642/4,445 (14.4%) L7220, ZREND 1 7T A ~—%T- ) DIEELREL
[N RERIX 7.3/60.2, 4.4/332 8L 6.8/473 Tholz, == ZBIT5H
RAPD & AFLPIZ KD BBRIRICKRERETBDO NP1, 1 T4 v—H
72 0 OB ZRENZ OV TIX RAPD & i LT AFLP C EcoRl/Msel, Pstl/Msel.,
Xbal/Msel % FAVTZBEIZENEN 13.6.82 BI U 127 EOERH -T2, T2,

AFLP [ZDUNTiX EcoRl/Msel DRAEOHRIZBNT 1 7T A4 ~—H72 b DY
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Fig. 14. Amplified fragment length polymorphism analysis of an intraspecific DH population using primer combination
M10/E12. M: Molecular marker (100bp ladder). K:K9-11J. A:T AC22581. DH1-46: DH individuals. Arrowheads
onthe right side show polymorphic bands.
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SR O AR PR R H £ < (EcoRU/Msel > Xbal/Msel > Pstl/Msel) .

Xbal/Msel T1 7574 ~—H72) DERRNER G E D> T2 (Xbal/Msel > Pstl/Msel
> EcoRUMsel), L2>L. EcoRUMsel W I=5A1X. 774 ~—0FHAIZH &
5 M5, Xbal/Msel, Pstl/Msel % FRVTZB/EITH AR, N0 FOEE L3 & THRBIHR
REERBENE LT, T, v v BT X7z 382 O AFLP v — I —D 5 % 42

THBEHEZR LT,

2) EHE o 1ER
382 O AFLP = —#—,122 ® RAPD ¥ —#% —.3 ® RFLP =—%—,8 ® SCAR
v —H—.4 D CAPS v—F—EB LW 11 ® SSR v —H—n 672 57 530 D DNA
== PBIVCO2WEER O EBEBITORR, 24 DT L —LTU—
Jw—H—i kD 11 OKREZEHFE (56.8-118.3 cM) & 5 D/ IREHHE
(1.8-26.6 cM) D3Ft 16 DESHBEN LI S Tz, BESEER 1,100.5 cM, ¥y
~—% —[EEH 4.6 M OEGHK NE SN (Fig. 15), L2L, %< D AFLP
~—H—8BLRAPD v—¥—iX, LGl »*5 LG10, LGI2 B LT LG16 DHELHE
LU LB ST bivle, ~— 0 — DB DESR D P<0.01 B2 TW2h

DIX52HY, ZOEBILILG3, LG9 BIWLGI iZ&EF L,

3) PBIXVCCEBEFEICHES LT~ DNA ~—F —DBA%
DH &) 5 PMMoV #HiME (I°) MERBRICESE, /BRI L /2 EgH#X

& FVEGIARIT 21T o 7o R, L #is T HIX LG6 ORIFEDIALB ST bh

68



22

_MB%Z'PH 1E122: &i%j

Group 1
(Chrom. 1)
—r—RBI61
35
——_MI10R1 8, AA 9621, AAGS
38 < 4
32
watRP13, AA0B6 2
149
3 1 e
32 AAI0%6
IZ ——] -18 MBE79
o V0
- MISE86,RKDS1
06 —
13

5
50 e

CR3d74

15
| AAL 662

20

23
29

11

—M15X11-6
+—MI10ElI14, MI1ESd
I Hpmsl 43

|~ M6ET47 , M85
[TCAR2

[N

926

05
24

30

—Mi3B1°

—M12X84
—t—MI11E57

14

46

——MI11E520
28

—tM635-2

920

—=4—=M6X6-11, MBE1 05| M7E3-10
M2H22

109

—t—CCS

132

—L—M6E75,MI0E128

110.2 cM

Group 2
(Chrom. 12)

_FMDBJ
9.6

—t— MIOBB2

71
—4+—RII24

69

44— M7E153,CAD5-1

186

—1—M3E78

162

——CAdI2

137

1 _Toss
25 1 _mimxns

96.9 cM

Group 3
(Chrom. 2)

—C
% T rhens
78

4 mo-s
91

1m0
09 =42

—er 1B517, MES3

23 ——MI0B14
—4—M8X102
4 ] [ M122 3

29 _1_M3E1040

[ =_MIZE§ 12
i
M16X108
:?I—szu
60.5 cM

Group 4

ASQ@

45 [
—{—MI15E810, M3X93

a5
——RFI8

124

——PMI8

84

—1—M7E312

23 ——MI3E9
—— M8X103

—1— MI16X10-5

—1—RII0

——mi2E2
13 1L s

gé 1 MBS 885 o4 MrE1s2. M3x03

m -li:gmsmo 15, MISET-1, M08 4, M7E15-10 M XS

32 252 MBT MIOES | MBESS 4
i | MR H b b
15 == MIX: jmma MIEBRS 013
MIOB3, MiXI 13 M?Bo-l
M-I
fis
13
=t ROI103 ggse
170
—l_ AAS578941
103.7cM

Fig. 15. A linkage map of the pepper on an intraspecific DH population, derived from F, crossed
between 'K9-11] (C. annuum) and I AC2258] (C. annuum), using a total of 530 molecular
markers consisting of 382 AFLP markers, 122 RAPD markers, three RFLP markers, eight
SCAR markers, four CAPS markers and eleven SSR markers. The map is constructed with
224 locidistributed into 16 linkage groups with a total genetic distance 0of 1,100.5 cM. CA,
CB, RA-Q and AA (CA X CA) are RAPD markers on the right side of each linkage group.
TG designates the tomato RFLP markers. Amplified fragment length polymorphism
markers are named according to the combinations of selective primers in Table 7 used,
followed by the numbers given in descending order of fragment length. C is a phenotypic
loci for pungency, and L is a phenotypic loci for resistance to P,, in PMMoV. Map
distances are in centiMorgans (cM) calculated by the Kosambi function, indicated on the
left side of each linkage group.
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(Fig. 15), 0 cMODALEIZ M10E6-4 (250 bp) . 1.1 cM DALEIZ M1X9-2 (320 bp)
B LT AA6096 (680 bp), & HIC L) ELTHEEA TR 2.9 cM DOALEIZ
MI11ES-2 (1.2 kbp) D% < DiEFED~—J —H»E 5T /= (Fig. 16, Table 15),

¥7-. DH R#EICIB T B A5 MIC S & MERL U /- i hiX 2 F Vs SR AT
BT o TR, EARBICET D C BIETEIZ. LG3 ORMHSIEST 5

N (Fig. 15). 4 cMIZHZfE T 5 AFLP = — 4 —MI2E2-6 (720bp) A& bz,

4. B

%< OR¥EFFERRBEIZOWTIX, QTL MBEEL TS Z AL, ki
PRI HER 2 AW T, %< O QTL DEMEEIT O -0Iicid, RIS/ L
A MERE U 7 X 2 PR I E RS D2 BN S L BEARFIR TH S, DNA v —H
—DYERIBHFRIZ OV T, RAPD & AFLP (2 & 52 BIRIZK & REITFRD b ah
ST 1 TIA~—YT- 0 DEHLRBUL, AFLP DA RAPD £V I 10
BEHLBOBNI, £12. 530 DDNAv—H—¢ PBIORCO2E~—I—
% FAVEEHAENT 21T o TR, 16 OESHEEN GRS, RESHHER 1,100.5 cM D
BEEHIRI A D v, — XA TR R MR [ I b~ oo R H AR BE A VN
2R Sk DH M2V T h, HEGS/AFLP % VN5 2 & Tl 7 E g = o 1k
BUNFRETH o 7e, AFRTH LN D AFLP v+ — I —FB KLU RAPD v —
J1—%, LGl 5% LG10, LG12 8L WVLG16 LO—EkicEELE L, h
bid, By b A TIZEWEEICAIE ST bz, 0L 9 BRfERIZ, A4 4

X (Hori & 2003) 1 & (Kawasaki & 2003) THERD LN TWED, ZORE
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Group 6
(Chr. 11)
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Fig. 16. Position of the L locus for resistance to
PMMoV and linked markers in
Capsicum. Underlined markers, TG36
using a tomato probe, was mapped by
Lefebvre et al. (1995). WA31-15008, a
SCAR marker was mapped by
Matsunaga et al. (2003). PMFRI1,,,
PMFRI11,,, and PMFR21,,,,, the SCAR
markers were mapped by Sugita et al.
(2004). Map distances are in
centiMorgans (cM) calculated by the
Kosambi function, indicated on the left
side of the linkage map.
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Table 15. Frequency distribution of PMMo'V resistance dependent on
markers in DHY populations

Resistant Susceptible
DNA markers
+2 - + -
PMFR21,,” 88 10 3 72
PMFR11,4 88 0 3
PMFR1144; 2 0 70
AA60964, 86 1 1 71
M1X9-25,, 98 1 1 71
M10E6-4,5, 97 0 0 75
MI1ES5-2500 92 5 0 74

D One hundred sixty-three individuals were examined for PMFR11,,, and
PMFR1 l,g,, 159 for AA6096,g,, 171 for M1X9-2,,,, 172 for M10E6-4,, and
171 for M11ES-2,,,, markers.

2)+and -: presence and absence of the DNA markers.

3YPMFR21,,,, PMFRI11,,,and PMFR11,,, are SCAR markers described by Sugita
et al. (2004).
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I —~rDFBREM->7- (Livingston & 1999, Kang & 2001), Z DI Lid,
=S ) AORETH Y, B2 b u AT AHETOEGROMESR X SE MO
ERIZHE MBS D EEX NS, £, v — T —HEESRWEENED L
NEZERNEREHITN—TBROONDZERENDL, v — N —DLES
IS EEER RS H D Z L AHE S,

D EEFREIEE 1 Ll EORBESIAIE LT3 (Livingstone 5 1999,
Lefebvre © 2002), C BABRTEEIZOWTIXE 2 Yefafk E DR RESFICAE L TV
% (Ben 5 2001b), I’RBINC D2 WE~—7— L BEBOESH MK L@ S
TURA——A—IZLY . BONOEFEBI IOV T VREKICEVETSHZ
EMARETH o7, LG1 X, Hpms1-43 B LN CCS BLE L TWDADTRYTZ
V1A, LG2 I, TGS23 1LV & 12 Pefafkic, LG3id. CIlTk V&2
PRz, LG6 IR, L ICE Y 11 RaficYT 5L Ex b, £/, LGT
X, LCYBIZ X D & 5 Buafkiz, LG9 ix. D11Scareso (2 & 0 8 9 Gufa ki, LGl
I%. HpmshpMADS (2 X 0 55 8 BefafRIZHYE 4 5 L E 2 bhiz, LGl4 1%, TG510
BELU Hpms1-41 125D, LGl ¢RIUE 8 ReBEITHYETHLEZX L. 5#
HRT D~V —FHEPLTIL T, LGl LA THZENTRENT, BY D
LGIZ2oWTIE, MUF T VBREMEICEID B THZ EBNHERR NPT, 5% T
YR—e—H—EBML TN Z & CREROESFHMK & OEFER D Z & HH
BBLEZDILD, I, AFETHER LEHMREZFIF L, QTL MAT 41T
52 & T, FHEENFEOBICRADHEFII LW QTL 5D DNA v~ —H—D

PFARICKE SEET D L Bbh b,
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5. WE

B —< 2 (C. annuum) FEPZZHEC X D HEEERHIK 176 RME DI EEAE R

(DH) #£M % FHV T, HEGS/AFLP ¥ X U8 RAPD %(C & 2 ES{HIK DO 1ER 51T
272, RAPD IZH~_RAFLP OB 1 7T A ~w—%7= 9 OFELREIL, K10 {5
ZBO O, 382 D AFLP v —%—, 122 ® RAPD ¥ —#%—, 3 ® RFLP <
—H—. 8D SCAR v —H—, 4 D CAPS = —H—F L 11 M SSR = —H—n
57253530 DDNA~—h—& P BIC D 2E % AW @SR OFE R,
224 DT VL — AU —Fw——2&D 11 DREREHEE (56.8-1183 cM) & 5
D/NSIREGRE (1.8-26.6 cM) DFF 16 OEGHEEN DR I N7z, REHBER
1,100.5 cM, ¥~ — % — I EERfE 4.6 cM OEGHHIK B3 E D vz, —RIOICHERMR
MERMICHEA_NZHORHBEE R NENZHEBR DH £HICEB WV TH,
HEGS/AFLP % fiV 5 Z & CTilRuE g I DERDS BB Th o 7o, Fz, HH
FEAT DFERD S P IZHE{ L7 3 D AFLP v~ —H—3 KU1 ® RAPD =—Hh—¢&
CIZHES LT 1 D AFLP v~ — I —»Ebhi,

AFFFRICI VTR L 72 g HIXI1T, FRBENREOREHEXOMAL LV

QTL :ff%®D DNA v — 7 —DORBICKE S BB T 5 L Bbh 5,
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%3 E Capsicum annuum OFENZZHEH SRAEINEEAE 5 H T2 89%
(Phytophthora capsici) #EHMEICEE 5 QTL f#tT

v—< UERIL. TRIERIRE Td D Phytophthora capsici (125 - CTH| & Z &
h, BIEREZHEOLTIE—VERICKRERFEEERITLTWD, RRIT,
HIBRER, 1R, R LORIZBWTRRE L, IAIERE 2T 5, BRYEHALTIE,
MOIZKBROBERAICEAE, LEWICEILL, ERMET D, £, FR
FIIERINTZEHICBOTRABARFE L. RIEOBRIFIZRD T L6, —
ERAELEESG THEMTEZITORNI LR, LBHEHBAORMIAF AV ERAS
HIEICEVBEEEMALTND, L2LERXL, BRIEXATFNVIEA Y VEukE
WEICHESR, 2RINDZLICLY, RB—RBOEELRSIBEIND,
ZZTHRMLBERRAEE LT, BIMREOEANATHLHLEXLND
B, BERRSNWTWARIZLAEDOY—< U BfEIX. - OREICx LTt
ERZRV, BRI LIREORFIMEZ RTEOND MU T T UEHAR S FE
L. ZhbZzHAWEEIEMEOFTRARAL LN TWD 0, RVERIETIH %
BT AEBEHBEIFTRIN T2 (Ogundiwin & 2005), Z DT Lk, kD
BREREIC X 2 BE CIIEMAEOBERSEL VW L 2R LTV D,

BE . WSRO B RIBRRICRT S IR R OEKIL. FIRE & Y
~EEEE L, EEEOEROEEILVITo TS, Z0OX ) REHAERK
DS, BIRE. EAERYE., BEEXHRBIOCHEMDEFTRT —VFEDOKRL 72

BEERICE>TCERAESNR, EENEL D, B2, QTL BXEEL TWAEIZ
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DNWTIE, ZE LB OFME L ONREA R ICR#ETH D,

T, HF~v——RAWCESEMKOER L K~y 71k (Lander &
Botstein 1989) F DM FIEEZ AW IZZIRMQRBEROMEMLIZI Y . £ b 2 FIH
L 7= QTL #2384 IR E TITh B L 5127 T&E =, —RAIIZ, QTL A3Bd
BT 5WEIZ. EHIZBWTCEBGRH 2B L R L, ERAORRLIBHEORT
KL THXREENTWD, BROFEIC L 2RHFET, HMHBHE, EHEPHEL X
OIS B FRIMHEERICL DT R Z VAR EOBRBHARHIR LBREIC X
LEBOME LTRSS (BBE D 2000) . RO HTHRILBRETIIEL o7
BHOREICEE T 5 ETHPREK EOME, BEHREDOZ ORIBHIE
WA, QTL BITIZ L > THDOND LS oT, B —~ U EHREHMEIZ SN T
b, EROFETITBERAXOERAVPRETHY . ZbOFEXRAVW-EIE
FRHTIC & > T, QTL D DNA v —H—2BE L, ThEFA L= Kotk
DEREHERBEEND,

ZIT, AEZBWTE, 1 ETER LI —~ U HERZHMERK DH £H
RBIOE 2 ECHEYMLCESFMRAZFIAL T, 18T, SHERICKITE
FIRPIMEOF M, 2 &<, EREFMHICET 5 QTL MITIc oW Tk § 5,

78



1 BREGEOM

1. %

i

BIEE T, BRI LIEFMEZ R TEROND hU T VBRARIRE S
TV 5 (Smith 5 1967, Palloix & 1990, Bartual & 1991, Reifschneider & 1992),
B2, PRTAVDFEED MU AT EATE PI 201234 KO B HEERK R #

[AC2258]) (C. annuum) BIOA X afED b v 75 B 4F [Criollo de

Morelos 334 ; CM334] (C. annuum) @ 2 DOEAERIT, BRI LRE DK
HERTZENMONTND, Ll TAC2258) DOFFOEIFIEGIMED BN
[ZONWT, HHALRREERICL D28 O0DOHENH DA (Smith & 1967, (L)
5 1979), HE—LERMBIZE ST, £Z T, QTL Hric L v, EHitkic
542 &EFHR. ek EoMER L OEEERICOVTHLNICT S MNE
BB, FOEDITIE, SEERNOEZRNET DRI OV TERLR
Al 2 AT ORI IE R B R0,

Z T, AEITIE, Vv oMK DH £H & AW 7RG O

Rz OV TR~ B,

2. MEEB X U5
1) fEEbE
A B E LT, TK9-111, TAC2258). FiBXOE 1 EOE 2 HTER L

e Mk DH176 2% AV -,
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2) R O

PR EEREICIE, BRI RR L s hz TRdk) Bk i,
BEFEMREIL. Bosland & Lindsey (1991) DOFEZHELZHD%E AW (Sugita
5 2006), §7Rbh, EHREE 90mm > ¥ — LHO V8 U o — ABEHIIER L,
RT T4 NVATHEEZLT25CT 10 HEDOKEERZIToTc, TDHNT 7 4V A
REL, 25COEBRATC 3 ABEREZITV., HETD S OBRERES
B, EETFOIE, 1 vy —1 4720 10ml OEBKES ¥ —LICEE, BL
SEETHREIED, SHIZ, 4CT 30 HHEOERAEZITV, 25CT 3 KFH
REE L%, EETRELAE L, HEETBEL 2.0X10'EmLICHR LY

D ERBIKE L THW,

3) BIREOBE
BOERIL, V7 RBEZETITV, BOKRITCICERERE SRS 10ml #EE
LT, %I, BREORBRLAZEEIE LD, 3 BEEECLEE»HKEE

EL7,

4) RIS OFmTE
B BB EFRRIIRETREOREICE L TL, #E% 7 ARRTER
HROFEEZIT-oT2, £/, DHEFAZ AW SEIOFEEREICEL T, 28

BRICAEFRBEZRE L, EFRBOEHEZEIIEORIEL L,
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3. #R

1) B BEDBEFRBICRIETTRE

Table 16 (X, [K9-11], TAC2258] BILVZEN LD FiZAWVWT, B BEN A
FRBIZRIETHEEBIZOVWTHELL L DO TH D, BHED TK9-11) 1%, B
ECOEMBED 27 HUT T, 1 EBRICETOREBEIFEIE L7203, 34 HEL
EEHEITDEL, MEETICIBEMEE L, KD TAC2258) 1%, BHAK
2520 BUL R TIIHEFET DR RO 525, 27 BUL ETIIRESET 2B R o7
molz, Fiix, B B 13 BLUT TiE 70%23863E L7228, 20 A LA ETIE 10%

BREDMIEERTH -T2,

2) DH £MICBT 5 B RGO A R
Fig. 17 I3, WRBEEREROFEFTH D, BIMREIIZOETEIEFT LTS
D, IRMERFEIL, EBOEREL ., BT BNEBRBITHIE LT, Fig. 18 I%. DH £
BT 225 BIOERREIC K D FEHIEFREBOERLSHAERLIELDOTH D,
WBIZ 3T 2 EAEFHREIL, ThEh [K9-11) T 0%, [AC2258] T 85%T
Holz, DHEMOEAEFRRITEGRIROMERLIZbOD, FEALDFR
FILETFHRENBOREEBENRTKED 2 DOTA—T1Thhh, BELE, &
BHIZ30%DKEIC/NE 72— 2338 BTz, Table 17 iX, TK9-11], TAC2258]
&LV DH Rtz AV e e 5 BOFLEHREERERRERLEL D TH D, &
EREREICBIT2AETFREBEOERSMAIL. £ 5 FOEHEFKEELFR L, &

ERRBENEWVWRHEEIBENWZRED 2 DO N—FIZBE L CHHAT HHERAERL
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Fig. 17. Symptoms of phytophthora rot. The resistant lines (right) continued
to grow, while the susceptible lines (left) developed wilting
symptoms on the leaves. Later, the stems began to rot, and then the
plants died.
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Number of lines
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Survival rate (%)

Fig. 18. Frequency distribution ofthe mean survival rate in the five inoculation
tests using a DH population of sweet pepper. The vertical axis indicates
the number of lines, and the horizontal axis indicates the survival rate
(%).
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Table 17. Frequency distribution of the survival rate in the five inoculation tests using a DH population of sweet pepper

Duration of Survival rate (%) No. of DH lines No. of Mean
Tests seedling DH lines survival

period (days) K9-11 AC2258 Survival rate (%) 0-20 21-40 41-60 61-80 81-100 examined rate (%)
Ist 27 0.0 100.0 49 18 13 37 58 175 585
2nd 27 0.0 100.0 61 11 16 16 68 172 55.6
3rd 24 0.0 75.0 61 9 18 24 64 176 55.6
4th 23 0.0 100.0 71 16 12 22 51 172 48.5
5th 20 0.0 50.0 81 14 16 24 37 172 40.9




7o o, BENOEMBREE TOHENELS R 51T L, DH ZHEITEBIT 5K

AFRRIMEL 2 DEAPRBD bz,

4. BE

BE BB EERRIIRIETEBIZOVWTHELLEER, B2 ET5

[AC2258] THEE HEA 20 HUT DBEITITIIRICEY: LAET 5, 2D Z
Enb, TAC2258) OB T HEGMEIL, BFELMNLEA L TVDHDTIEARL,
ARENER LD DRI, BRI TV bDLEEZ BN D, TAC2258) DFF
DR OBBERRIZ OV T, Smith 5 (1967) 1%, F 8 L OVBC, A% A
WiBEIiZ X v . FIER O R 2 SO L EERETICL > TXEX
hTnaE@EL TS, —FH, WisH (1979) 1%, F, 8KV BC, AW
T BELEIZ K | TAC2258] DR HIBFIMEIITREEERDOH—BELFITXESh
TWDEWMELTWD, ABFRIZIVT, DH £ O FE AR RITERR R 5
xR Ll &b, BREFHITIENRBENBEE L THWD Z &R ENT,
Fi2, 1FE A ED DH SHITEFEREI B VR LIEWRFED 2 2D —F
a0, S HIZ30%DEBI/NSRE—IBRBD LI L2 n | TAC2258)
DEEOSIEHFIMEICIT, BFEROBV 1 2OEBERTB L OEHOFE5ROEL VK
BERTF2BEE L TWDZ RIS,

AHFFE T, DH R TCOZREBREIC L D 0BEE R E S DH RHOETHL
ERRBTUEFMMER/B O, T O DORERIZ. BREFMHEICEET % QTL

FRATICRESHEBRT 5 L Bbh 5,
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5. fHH

ERME2E 5 TAC2258] THHEE BN 20 HUUT OHEICITERITHEEL
T D Linh, TAC2258] DFT HERHEHMEIL, BFELONLEFL T
DOTIHRLSAEDPRM LGOI, BEIL TV HDLEEXBND,
FRIRHIMEDORIZIT ST, DH M T O AR RITERAIC M L2 2 &
Nh, BRETIHEIIENLRBE TH D Z &k, UL, DHEHIZET
DEFRBOERLSAD., EFRBOEORM EIEORED 2 DD 7 —FI
i, EHIZ 30%DXEIZ/NSRE—I7 BB/ OLNIZ Lhb, TAC2258]
DE T LHEREHEICIT, FEFROKEW 1| DOEFHERFB L OEROFER

DARVVBIE 72385 L TWA Z L AR S 7,
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F2H EREHMICEd 5 QTL &4

1. %

il

T, < OEMICB DT DNA v —I—B3HNWLRD Lo iIERY), ZFnEH
W S FBBEDOFEBEANATOI TS, £/, DNA v —F—i2 k> THE
B EEMRK A AVT, BOARFEICET 2 BEEROMACEE TEDOE
BRBERLEONDI L IR, TEE, SHIT, ENOLDIFRE T/ LEITIC
L52S ) AMEREFIEREFIR LIy I N—R a0 —= KLY, A
2R b7 METESD»D QTL BEBEI LTV 5 (Alpert & Tanksley 1996, Yano
5 2000),

B BN TS, ) EAKRREGINE (Lefebvre © 2003) X° CMV itk

(Caranta & 2002) % DOIREEGIMEIC OV T, QTL T BMTHOI TV 5, BRI
PIEICBAL TH ., IBE, BRx ROoMER LRV REDLH Y (Lefebvre & Palloix
1996, Thabuis & 2003, Thabuis & 2004, Quirin & 2005, Ogundiwin & 2005, Sugita
5 2006), %< @ QTL ARt S TE TV 5, Thabuis & (2003) 1%, #EHTPER
#t [Vania], [Perennial] 3 XUt TCM334) HIRDOENAMER R 3 £ X H T
QTL f#tr 24TV, 3 BMEICIE L THET 2 FEHROKE 2 QTL 25 5 Lfalk
FIZHER L TWA, E, Ogundiwin & (2005) 1%, HEHUMERHFE P1201234 k5 &
OTCM334 1 H13k D 94 @ RIL #R3 L1V 94 D F, RFEARHE 2 £ % VT
FNEN 16 BIVS 2D QTL ZBRHL T3,

TE, AFLP ORIV AT AEZRE LI-EBHEERY ) AR X vy = JIENRRE S
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L7z (HEGS/AFLP ; Kawasaki © 2000, 2003), Z DI AT AIFEFERDOT T A
v—Z AV K3 X N CHEBICEHMXEZER TS LAFTETH D, S bIZ,
E—= BV TIL, Sugita H (2005) (Z& > T, FEIZ HEGS/AFLP #FIAH L,
[K9-11) 36 XUt TAC2258] DFEPIAIHEH Sk DH £ % V72 8 3R [ 3 45 31 )
TERINTWS, ZO& 5 adld/sEg K OERIT, QTL f#rdmeERIL
CEBRT D Z LB EN D,

T, AEITIE, v UEARMEE R DH £ & AW IR ETTE O
iR & HEGS/AFLP % FAAIC/ERL U 72 #gH X 2 T, QTL f#HT & 1TV,
X 52 QTLEFICE b= DNA v — I — % AW DR EIT - 72D T,

FDOZ LIZHONWTHRIBT B,

2. MEB XU
1) HERAE
AR LT, TK9-11), TAC2258) BIXUE 1 EDOE 2H CTHEK LI-#5EE

FEH¥ DH176 Rt 2 HU T,

2) DNA fhH

DNA O, 52 BOH | fi Tk~ HEICHE LT,

2) M o fER

E2EOE 2EH CER U@ MK 2 AW T QTL T 21T o772, 2 D, 382
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> AFLP =—%—, 122 ® RAPD ~—7%—, 3 @ RFLP ¥v—7%—, 8 ® SCAR ¥
—H—, 4D CAPS v—H—BLO11 O SSR~v—H—» 67258 530 DT~
— 1 —IZ PMMoV BB T L, FARBUCETIEETEC D2 BE~
—H—E RV CGEFBTZITV, £Z2THOLNTC 24 DDNA~Y— I —% 7 L—
LU= =—H—L$5 11 ORIIEHFE (56.8-118.3 cM) & 5 D/ S 78S
¥ (1.8-26.6 cM) DE 16 DEGHFEN LR I 7z, MESH 7 L — 7' & 1,100.5 cM

OEG M % QTL fEMTIZ V= (Sugita & 2005),

3) BIREEERE
AEE 1 #i TF b NI R IHUE IR RIS C ATFRR O 2| Btk

DIEELL T QTL T IZ AV,

4) 7T — 5T
BT, 2 BOE 2 fiTRXZFIECHELZ, QTL MBI I
MAPMAKER/QTL 1.1 (Lincoln & 1993) Z V>, LOD 2227 2.0 LL_ED &4 THEMTE

1T-7,

3. BR
1) EHREHEICET 5 QTL s
FERIEPIMER ERE B L OVES IR 4 H U QTL B 21T - 1= fE R, 3 #eHRE

2350 QTL 3 &= (Fig. 19, Table 18), LG7 (b H T U8 5 Yefalk)
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Fig. 19. Quantitative trait loci for resistance to P. capsici using an intraspecific DH
population of sweet pepper. Map distances in centiMorgans (cM) calculated
by the Kosambi function are denoted on the left side of each linkage group.
The portion enclosed with a circle on the linkage groups indicates the
putative region of the QTLs with a LOD score of 2.0.
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Fig. 19. Continued.
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Table 18. Effect of QTL for resistance to P. capsici detected in the DH population derived from a cross
between ‘AC2258’ and ‘K9-11’

Survival rate of the lines 0/ i s 3)
KO-IT alleles (n) AC2258alleles () 0D Var-Exp. (%) Direction

LG Flanking marker"

1 RP13-1 60.6 (91) 41.2 (83) 2.54 6.4 AC2258
6 M9E3-11 61.7 (76) 44.2 (100) 2.20 5.6 AC2258
7 MI10E3-6 83.9 (89) 17.0 (85) 67.02 82.7 AC2258

D) The closest marker to the QTL.
2) Percentage of phenotypic variance explained.

3) Indicates the parent that contributes to increased resistance.



TR SN QTL, T72b b Phyr-1 1%, F53 82.7%. LOD X227 67.02 %
R LTz, BHEFEDO~—HI—1X, MIOE3-6 THY, EIED AFLP ~— I —¢ L
T TAC2258] IZBW TSz, 2&HB D QTL, 725 Phyr-2 X, LGl (h
UHT U efak) LTRSS, FHE536.4%. LOD 227 254 &R LT,
KEbiEEDO~—J—Ii%. RP13-1 TH Y, [AC2258] BT L)V DENE RAPD v —
A—Tholz, EHIZ, 3FHD QTL, T72bH Phyr-3 1%, LG6 (RU T T
11 Beadk) oIS, H5%R56%, LOD 2237 220 2R L7, KbiT
BEDO~—H—iX, MIE3-11 Th Y, [AC2258] BT LILOEM: AFLP ~— I —
Thol, £, TNEND QTL EED~— I —JBIZIT 5 EHAEFFRERIZD
W, MI0E3-6 = —H —JEIZBWT TK9-11] BT LADZRFETIE, 17.0%Th
ST DT L, TAC2258] BT L VDRI TIL, 83.9% L BmWAEHTKEERLE

(Table 18), F7=. RP13-1 v —H —EIZLBWT [K9-11] BT LA DR TIE
412% ThHoT=DIITxt L, TAC2258) BT LV DHRH TIX 60.6%, MIE3-11 = —
A —BIZBWTIKI-111BT LAV DFRMTIE 44.2% T > 7= DIZHF L, [AC2258]

7 LILDORBETIT 61.7%% <~ L7~ (Table 18),

2) EREHIME QTL i~ —h —I2 X 5 H O
ERRIRPIE QTL L~ — 1 — D MAS IZXt T 2 AL AE L=, 3 2D~ —
H—JEIZF T [TAC2258] BT L)L CHi-D DH Rl S ITxt LRy VR
% LT (Fig. 20-A), ¥7z. 2 DOBIGFE., 725 MIOE3-6 35 L TN RP13-1

% TAC2258] BI7 LA TERL ., 7> MIE3-11 & [K9-11] BI7 LA TEHEHORE
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A; Presence of M10E3-6, RP13-1 and M9E3-11 (n=27,
mean=91.5, *)

lines:

" w . 4« % ® W s 0 100

D; Presence of RP13-1 and M9E3-11, absence of
MI0E3-6 (n=16, mean=32.1, NSS)

G; Presence of M9E3-11, absence of MIOE3-6
and RP13-1 (n=11, mean=3.1, *)

0 220 3 4 5 60 0 8 60 100

B; Presence of M10E3-6 and RP13-1, absencc of
MO9E3-11 (n=18, mean=91.1, *)

10 20 30 4 5 8 70 8 0 10

C; Presence of M10E3-6 and M9E3-11, absence of
RPI13-1 (n=20, mean=74 4, *)

DR
10 20 30 40 50 50 n 80 #0 100
SR

E; Presence of M10E3-6, absence of RP13-1 and
M9E3-11 (n=22, mean=76.9, *)

et b—t—————

0 0 » “ 50 &0 0 L 90 100

SR

H; Absence of M10E3-6, RP13-1 and M9E3-11
(n=29, mean=3.7, *)

mmaﬂma«wmsoimu'ms'l

F; Presence of RP13-1, absence of M10E3-6 and
MOYE3-11 (n=28, mean=25.2, NS)

Fig. 20. Relationship between the genotype of the marker locus and the survival rate
of the plants for three markers. The vertical axis indicates the number of
lines, and the horizontal axis indicates the percentage of surviving plants.
M10E3-6 was linked to Phyt-1, RP-13-1 was linked to Phyt-2, and M9E3-11
was linked to Phyt-3. They were the dominant markers present in the
resistant parent ‘AC2258’. NS, *: Non-significant or significant at P < 0.05

by Steel’s test.
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IZOWTH, FRIZEWIETE 2R L7z (Fig. 20-B), —JF. MI0E3-6 8L
MYE3-11 & [AC2258) BT LV THSH, 72 RP13-1 & [K9-11) B 7 LV TH
DFMIL, 80% XN T Y —7 ZR"d iz LTz (Fig. 20-C), £ Dfthd 3
BIETEIIBT D ~— I —7 LLVOMAEOETIX, BREEZIITREOHK
itk &~ L7- (Fig. 20-D 25 Fig. 20-H), F£7=. Phyt-3 X M9E3-11 ¥T% CHHH
SN, T QTL BWERIBIMEIZKITTREBIT/ NI NEZELXOLNDLZ LD
(Fig. 20) . M10E3-6 3 L TXRP13-1 ® 2 5D QTL EfE~—I—IZBEL. &5
(ZHRT 24T 72, M10E3-6 % [AC2258] BT LV TR ORMIL, 100%X[E % £
—7 L L, 2TDOHRMD 50%L LOEHiItEL R L7 (Fig.21-A), —7F . RP13-1
% [TAC2258] BT LV TREOFRMIL. 30%B LV 100%D 2 >OXEH % v —27 &
558G D gD 5 2R LTz (Fig. 21-B), M10E3-6 33 X (X RP13-1 @ 2
SOBEBTELY [AC2258) BT LV TREEORMIZ, 100%6XMaz—2 L L, &
TORBEN 10%LL_ EOEF M 2 438V ikfitE 42~ L7 (Fig. 21-C), MI0E3-6
% [AC2258] W7 L)V TFEH, 2> RP13-1 % [K9-11] BT L /L TR ORMIL,
80% XM Tt — 2 2338 btz (Fig. 21-D), RAHZ. RP13-1 2 [AC2258) # 7
LIVTR D, 7> MI10E3-6 % [K9-11] BT LV TER-OFRHKIL, 30%XHE T —
7RO 5N (Fig. 21-E), 2 2O~ —I—EIZBWT TK9-11] BIF7 LT
DOFRMIL, LA LEORETRFEEE R L (Fig. 21-F), Fig. 22 1%, Phyt-1 O
SEGHI_bo IERE AT E 2R T B 12 D12, Phyt-1 I THABZ DR Z > TV
% DH ZfEZHAWT, &~—h—JEIZBIT 5868 & BRI OV TR

B LR E2TRT, CF1407 X, Phyt-1 3550~ — 5 —MI10E3-6 75 2.0 cMD#E
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Fig. 21. Relationship between the genotype of the marker locus and the survival rate of the plants for
two markers. The vertical axis indicates the number of lines, and the horizontal axis indicates
the percentage of surviving plants. M10E3-6 was linked to Phyz-1, and RP-13-1 was linked to
Phyt-2. They were the dominant markers present in the resistant parent ‘AC2258°. *:

significant at P < 0.05 by Steel’s test.
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Fig. 22. Graphical genotype of the DH lines around Phyt-1. The upper figure indicates

the graphical genotypes and the survival rates of ten DH lines that exhibited

recombination between CF1407 and M11ES-9. The lower figure indicates the

LOD score around Phyt-1.
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BB L. £7-. M11E5-9 X M10E3-6 75 5.3 cM DO IEBEIC BT D ~—b—
T b, MIOE3-6 % TAC2258] BI7 L L CTEHOZRHFIL. CF1407 B L M11E5-9

JEIZR T H5BEFRIC 1O L THEIMEELR LT,

4. EBE

k. TAC2258] DEFOEFIBFEDBIGRAUZ DN TIL, 2 DO LI
WEBEFE IR ELEHOE—BETFICL o THIEEN THE L BESIT
W5 (Smith b 1967, WIS 1979), EEDHGF~—I—&HWIZHFFETIE,
Ogundiwin & (2005) 1%, AFFZETHAVZ S O & 7 CEFIHEFEI TH 5 P1201234
XD 94 @ RIL #4 & AT, PhytoA 776 P ETD 16 O QTL ZEH L TW
%, F7z. Thabuis & (2003) &, FEAZZHERHK 3 R Z AW T, 3 £HICHE
LTHETHIHESEORE R QTIL 25 5 Pefalk LIZRHE LTV 5, RIFRICE
WT, LG7 ETRI LT Phyr-1 13, NOTTUE S RaE EICMBETHZ &
5. Ogundiwin & (2005) 2R L7z Phyto P \CHRETH EE X BN D, BT,

[CM334] H3KE F, < v 7 _E® Phyto.U (Ogundiwin & 2005) 35 U8 Phyt.5 (Phyt.5.1
B X OV Phyt.5.2) (Thabuis © 2003, Thabuis © 2004, Quirin 5 2005) {Z2WTH
FCEFTHDEBoID, Poyt.5 i3, TN ENBEEMEDRWIRFIMERZ AW
FEANZRE R R 3 EEEIC 38 L T8 5 Jufafk BITHEAE LTV 5 (Thabuis & 2003),
TOF 5 Reafk D QTL i3, FREHIMESRA TR U THFTE L TV 5 FTREMEDS
HY, BRLIEKRTOREMICHRVENMZ T2 L0 b, E— U EHRIEG

HMEBEROIZODOBTREFEM L LTHEBEIADTHDLEEXLND, EE,
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Quirin & (2005) X, Phyt.5.2 \ZES L 7= SCAR v—H—, OpD04 % BHF L T\
%5, Z® SCAR ~—H —%ESHHIK FICATE ST X 5 LR, ABFFE Tt
A LTEHEEIZIBWT PCRIZ K D HIENFERD bhviahololod, SR EITfr
BB kR o7, TAC2258] & TCM334] DOEOFEFIEGME QTL
2, Rl—®D QIL TH D0 ENZHOWVWTIIFEFEICHEKEOH HMETH Y . 5% H
BEETO T MERDBD, LG (MU H T 8 1 Yefalk) TR X7 Phyt-2
i%. RILs ¥ > 7 £ ® Phyto.D, Phyto.E 33 X ) Phyto. FIZAR4S T3 LEZ BB,
L L7Z2H 5, Ogundiwin & (2005) (2 X - THERIE - TCM334) KD F,
< v 7 BB LV Thabuis ©H (2003) (ZX o TR I~ v 7 EIZBW T,
Phyt-2 \[ZHH% 95 QTL RO N0 T, 2D Z Lo Z O QTL i,
[AC2258) ICHFRBR QTL ThHhHZ BRIz, LG6 (b HFZ U 11
jufafk) ECHRH I Phy-3 13, L BEFEICESH L TEY, Ogundiwin &
(2005) IZ & o THE S 7z RILs B LW F, ~ v 7 E® Phyto.N, Phyto.O B LY
Phyto.TIZABY 5 L& % Hhd, Thabuis 5 (2003) D~ v 7 ETik, BRMEHR
HRD QTL TH D Phyt. 11.1 IZHE T 25 & Bbh s, AL D, BREGE
B LT, 3@ETFHEIC, Phyt-1, Phyt-2 B X O Phyt3 4 LT, LvL, %
1B DEFICLET 5~ —IC & 5 AHERRORKR, MOES-11 S CHtY
STz Phyt-3 13 EREHEIC R T REBIIE W & & 2 b vz (Fig. 19, Fig. 20),
& BT, Phyt-1 38~ — 7 —MI10E3-6 1 X O} Phyt-2 iL{%~—75 —RP13-1 D 2
DBLFEEE TAC2258] BT LV THERESRKIL. ThFho QTL 2 BMT

FORMLY bIBWEFMEEZF L, Z0Z b, Thb 2 2OEEBTFE
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Phyt-1 B X O Phyt-2 1203, BERIEHMEICE L CTHRINVARDRERDH Y, ~—h—
BHREREICL 2 —~ UBRIBHIESREOBRD T DIZIX, Phy-1 & Phyt2 %
RETREDOZ LT, RURIBHMELGETEDZbDEEX N, 2. &
HHEEGEROE W QTL Phyr-1 1%, CF1407 & MI11E5-9 D, 7.3 cM O XEIZIFEFE
THEHEIND Z LD Phyt-1 OFRANZMETHZNH 2 >O~—H—%H
WBZ & T, Phyt-1 ZHEEIZEAL TV ZERFRETH D, I HIT, RIS
BT, Phyt-1 SEED~— I — B THAHEE X DOFE Z > TV 5 DH BMBH b7,
£%. T ohoEdiME DH #E2 AWV T~ —b —BEFREIC L 2 RFIEGED

BEREED THE 20,

5. HE

EIREIRE TK9-111 (C. annuum) LG TAC2258] (C. annuum) O
Fi OFEERBEMGEMEEEER (n=176) %AW BHREFHEMERLS L O
24 DTV —L U — 72— Il K HMESH TV —T K 1,100.5 cM DFF 16 DE
$HiE (LGs) o2 EGFHN 2 AT, BRI T 5 QTL Mir&1T-
o ZDOFER, LGl (FUTTVE 1 REAR), LG6 (MU T T VE 11 Qefalk)
BELWLGT (v AT U S Realk) o 3 EHERIC 3 20 QTL BBHE Nz,
&t LODEDE W QTL Phyt-1 1X LG7 £ CTHRH 1. LOD 1H 67.02. 552 82.7%
R LTz, BbAFED~—A—i% AFLP ~—Z—MI0E3-6 Th o7z, LGl ET
B &7 QTL Phyt-2 i%, LOD fH 2.54, HFER 6.4%% R LTz, RbLITED~

— % —1X RAPD ~—#%—RP13-1 TH->7-, QTL Phyt-3 i LG6 L THRH I,

101



LOD fE 220, HF#ER 5.6% %~ L7c, HbiEFED~—LI—IiL AFLP = ——
MOE3-11 Th o7z, 2 DDEETE Phyr-1 38 L Phyr-2 121, BIRIEGTHEICE
L CHMMBRZIRNH D Z LRI, REESD Phyt-1 & Phyi-2 ZRIRICHE
THZ LT, RERQERENMELFET IV -V OBERBFRETH D L Ebh

Do
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B4 Capsicum annuum OFENIHEH KEMNEBERER = H =2
RAFEAICET 5 QTL Ot & CAPS ~— U — DA%

E—w NPV IBLO NN T V%D C annuum O FFEE1T, INHERH O
BUVMNZ LD, RERREG L ERRERIINITDIENTES, B—<03, H
AERNICBWT, EIZROYR0Y T4 L LTI, EORETIIFREEDRR
RETINELTHE SRS, 72, AU IR YT T UL, ECERREET
NS, Yomet Ty FEREL FRELELTHVWLATWS, RBREE
BEEERFEAILIT, HE., & K. K. K BBLTAI VU VEEDOKRL R
BEOFRELRHY . TNETNORICBRNIMDAHZ LT, IHIELDEDOEL
ZHELD, TRARECORRBICETLIMEL LTI, XTI IBLIONYTS
VINTERREL L TUNEINS ORI KRERFELHY . EEOEIR
BB EM e = L0 s, < DIFENMThI TV 5 (Lippert & 1966,
Hernandez & Smith 1985, Lefebvre & 1998, Huh & 2001), 5EEEEROBERE
KIZOWTIE, y. ¢l BER 2 D3 >OMML LEBEGEFICE - THEREENTE
D, THODHEABEDLEIZL TR, AV IVBIUHEEORELAELD
(Lippert & 1966, Hernandez & Smith 1985), X 52, LMD 7 no 7 ¢ LHER:
B () BPibdZ LT, FEDRELALD (Smith 1950), TETIL. &
Fv—A—HAVWTZHRLBEAIITORTEY, TOREHRABLVEET S
EETHHALNZRY DD2HD (Lefebvre & 1998, Huh & 2001), —J7, KREE

EEIZOVWTIER, —RIICKRBA, Bt REBIVRKEERH D, ik,
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BB L CRE2EEOT Y b T =V RBICET S 4 B r0mbsZ &
T, BEDOREIRD, LIL, FEEZRKRREAOEGKRRUZ OV TIL,
BB R RREERIC L A O DOHENH S0 (Odland & Porter 1938, Odland
1948, Jeswani © 1956, Lippert & 1966) . BHERBILFREZ R Z &b, BE
FTHE— LIERERIZE > TOVRYY,

ZIZT, ARIZBWNTEL, £ 1 ETER LY —~ ARk DH £H
ZFIALT, 1 8T, SBERICKT 52 RARECONH. 5 2 T, K&
REEICET S QIL DR L RERFUCEE T 5 L Bbh 5 QTL DU FHINE
4% Cleaved amplified polymorphic sequence (CAPS) ~—H —DHKE{T- 7D

T, ZORERICOWTEHRIBT D,

F1HE RBREAOE

1. %

I

v UTIRBEORBRESIT, ERE, REBLIORRELS—RIUTH
5, LA L, HEEIZIL, BEREDRELIVREKAELY —~ L DHBFENHH
Mz 5, BAERNICEIT S E—< U AEOKRESIL, FEORBREE TIH#
LTHAEND 2D, E—v VBV TRRERBOBRGHEREMATLIZ &
X, FREFNICLHEFICEETHD (BHD 20060), £z, LEREASVTHE
FEOBWBNERTRARESIL, BENCORERMEHESSH D, -~ DR
RREADOEMBIZHOVWT, REREICEAL TCoER T HHEO TR, KRR
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EETOI/un7 4 VERBIIFERASH Y, BIEFRREORBEE IXEEREIC
L2 6D T HEHEOEFIHEEL L TWD & #E STV 5 (Odland & Porter 1938,
Odland 1948, Jeswani & 1956, Lippert & 1966), % DK FHIZ->\\ T, Odland

(1948) 1%, KRRREADRNRD 5 ZHD F, BLORE LAHMEMRAEZHv, 2o
FITENLUEL LTEY, GI,G2,...Gn TRL T3, Jeswani & (1956) I,
Rk L BREDRRD R BLOR LZHERAEZ AW, BEEREFICLS 40
DRFHBEELTEY | BIFEDORERE GIGIG2G2G3G3G4G4 TR LT3,
%7z, Endo (1953) i, 7 v a7 ¢ WEMEIZ- DT, TGoshiki] & [Takanotsume
DEhLBLIORLREEALHV, 1 2FELIT 2 DOWGHREEEETICL -
TXRENTVBEHRE LTS, UL, =< RBREEAICET 5 E
HRUTOV T, B— LEBRICIE-TE LT, S%OME CRENRE
ZIDICHLKAETOILELD D,

I T, KETIX, 7BEEFEZAWT, AEAER L OIENETIT L HRR
BEADITEICHOVTRHRBRT 5,

2. MEB XU
1) fEEsE
fEEMELE LT, TK9-11], TAC2258], FiIBLOE 1 EOFE 2 HTHER L

e 3k DH176 2% AV,

2) BIEEMH
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BRI, B1EE2H TR HEICE L,

3) BEAEHIC LD RARECOT ML
REEECOPEICIL, FEEZN30 BOREL 1 ZMAU7 3RER N, £
FERREORLREWVESE 1 RENY 3 HET, AEAZES (Minolta CR-200)
THWEOICRE LTz, BonleT —21%. (L+b) 2+a (TS 1994) ITRA

L. RRERFECOREL L,

4) SIHEFIC X B RBREEA O

ez 4 VEOREICOWTIX, AEAEFDORIEEFRZ AL R—T
— (5 5) T#HikE. Inskeep & Bloom (1985) & DHIEIZHEVY NN-V X F )L
FNVLT IR (DMF) TRECERN|ELS 2D5FE T2 BOMBEEITo7, il
L7z BRI mNNEH (BH UV2200A) 12XV 664.5nm, 647 nm DR T 1
R74NaBLCbERE L 2B . £7 v r 7 0 )LEIX17.90 X Abs.647+8.08

X Abs.664.5 TR Tz,

3. MR

1) BRAZEHICX DRRBEEAOFM

Fig. 23 X, RBEEAIEIED DH £FICKIT 2 0B R E T T, KREEA
fatZix. TK9-11) T 11.94, TAC2258) T 33.83 Th o7, Fiik, 2147 THY,

B O P OMEER Lz, £/, DHREICBV T 7.9 55 362 £ TOHPAT

106



Number of lines

6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36
Color index: (L+b)/2+a

Fig. 23. Frequency distribution ofthe index of immature fruit color with
a Hunter colorimeter using a DH population of sweet pepper.
The vertical axis indicates the number of lines, and the

horizontal axis indicates the color index.
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Total chlorophyll (. g/g FW)

Frequency distribution ofthe total chlorophyll content with the
spectrum of the extracted pigment from immature fruit using a
DH population of pepper. The vertical axis represents the
number of lines, and the horizontal axis represents the total
chlorophyll content.
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Fig 25. Correlations between the index of immature fruit
color with a Hunter’s colorimeter and the total
chlorophyll content with a spectrophotometer in a DH

population of pepper.
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Fig. 26. Quantitative trait loci for immature fruit color using an
intraspecific DH population of sweet pepper. Map distances in
centiMorgans (cM) calculated by the Kosambi function are
denoted on the left side of each linkage group. The putative
region of the QTLs witha LOD score of2.0 is indicated as a bar
on the right side of each linkage group. Trait names are
abbreviated as CI (color index), TC (total chlorophyll), CIG
(color index of green fruit) and TCG (total chlorophyll of green
fruit) on the bar. A triangular arrow shows a peak of QTL.
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Table 19. Effects of QTLs for immature fruit color detected on the DH population derived from a cross between
‘AC2258’ and ‘K9-11"

Phenotypic mean value

. 1) . 2 0/\3)
Trait QTL LG Flanking Marker Ko-11 (n) AC2258 () LOD  Var. Exp. (%)

ifedl 4 M8X10-3 18.89 (72) 25.70 (95) 14.1 31.9
Colorindex  ifc4.2 4 RO10-3 19.09 (85) 26.53 (83) 18.22 39.1
ifel0.1 10  AA3086-1 21.45 (95) 25.02 (68) 3.379 8.8
ifel4.1 14 TG510 21.21(91) 24.57 (78) 2.977 7.8
ifed1 4 M8X10-3 63.53 (71) 28.44 (95) 11.38 26.8
Total chlorophyll ifc4.2 4 RO10-3 65.44 (84) 21.31 (83) 20.8 43.5
ifell.l 11 M11E4-1 51.74 (79) 36.22 (88) 2.025 5.4
ifel.l 1 M6X6-1 19.23 (77) 22.00 (48) 2.278 8.1
Color index?  ifcd.1 4 M8X10-3 16.80 (59) 23.44 (64) 17.43 474
of green fruit  jfc4.2 4 RO10-3 18.84 (83) 23.19 (41) 5.606 18.7
ifel0.] 10  AA3086-1 18.96 (74) 22.91 (46) 4.941 16.7
ife3l 3 M11X7-3 63.75 (74) 48.36 (50) 2.151 7.7
Total chlorophyll” ife4.1 4 M8X10-3 76.83 (58) 40.18 (64) 15.44 43.6
of green fruit  jfc4.2 4 RO10-3 66.95 (82) 38.81 (41) 7.129 23.3

D Color index indicates the index of immature fruit color measured with a Hunter colorimeter. It was calculated by using
the formula (L+b) / 2+a (Shimokawa et al. 1994). Total chlorophyll indicates the total amount of chlorophyll that was
measured by using the method described by Inskeep and Bloom (1985).

2) The closest marker to the QTL.

3) Percentage of phenotypic variation explained.

) Analysis of quantitative trait loci for these traits was performed with only DH lines of green fruit, except for the 43
lines showing sulphury-white fruit.



QTL ¢t F—ThdEXbND, £/-. LGll L TR &N QTL, ifellllx. &
B 54%, LOD 227 2.03 %~ Lz, \brfEDO~—T—i%, #MHED AFLP <

—%— MI11E4-1 Th -7z,

3) RBRREZEVIRADORED L% V7 QTL fi#HT

REDREDHDRBRECIEIET — & & 2 QTL f#HTTiE, 3 EEHREC
450 QTL Bt &7 (Fig. 26, Table 19), LGl ETHHE & 7/= QTL. ifel.l
X, F5% 8.1%, LOD X217 228 #/RL7, HbiLfFEO~——1%, BED
AFLP ¥ —%— M6X6-1 Th -7, LG4 ETid. ifc4. 1 BL W ifed.2 D 25D QTL
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Aa7F 561 7 LT, LGI10 ETHIH&ENT QTL, ifcl0.1 iX. %5 16.7%.
LOD 2217 4.94 %= LTz,

T, MEORFEOALDEI v 7 4 VERET— X 2BV QTL A TiL,
2 EEHBEIC 3 o QTL B & 7= (Fig. 26, Table 19), LG3 E TR &7z
QTL. ife3.1 1%, HEHR 7.7%. LOD 227 215 &R L7, HmbLITED~—H—
%, BMHED AFLP ~— % — MI11X7-3 ThH-oT-, LG4 ETIL, ifc4.1 BL W ifed.2
D200 QTL B I, ZNENEFEH 43.6%, LOD X 27 1544 B L UF
5.5 23.3%, LOD =7 7.13 &R L7,
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BRIZOWTHRE L7/, ifel 1. ife3. 1., ife4. 1 B LWV ifel0.1 D 4 5D QTL Tli,
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BIWifel4.1 D3 5D QTL TlX, FHFEEMNEA Lz (Table 19),

4) RBPEFEME QTL EFH~—H—IC X 2HEHEORHER

Fig. 27 i%. % DH #Z# % AT QTL T 21T - 123581t~ FERI B
L7320 QTL (ife4.2. ifell 1 BE W ifel4.]) DRAEEGBIEIIRIETHE
IZOWT, ZNED QTL BB T 5 DNA v~ — I —Z2HWTHAE L/
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BM7ULLTHD, £, 3v—H—EIZBWT, TAC2258] BT LV TR ORHK
DIZIFHHIE, BHEORK TH o7,

Flo, ifell ]l BE W ifel4.1 11X, BRERTHIREKDPFERLCLTHDZ ENHE—D
QTL ¢E x bk, Fiz, Fig. 27 ZBTAHBEIC XY ifel4]1 DFHRFD QTL IZ
EVEHERITE BDT, ifed. 2 SEFEDO~—T—RO10-3 & ifeld ] EED~—T—
TG510 ® 2 2D DNA v — W —2 AW T, RERERAIZEX ZEBICOVWTHRE
Lz, W~—A—BEIZEB T TK9-11] BT LV TR ORMIL, & ThEDRHE
Toh o7~ (Fig. 28-A. E), ZTDMMD~—H—T LILDMHEDLEIZONTY,
v —H— L BLETEM THABRZIDPEZ > TWD LR 2HEKEERE, £
THFkETH o7 (Fig.28-B, C. F, G), Mi~—F—EIZBW\T [AC2258] T
VILVTCRORMIL, 3 EBEBRELSTHFERAORK TH o (Fig. 28-D, H),
TDZ LNb, RO10-3 BLVTGS510 1E, MENEBENEREDIT S 2 o0&

GFE., TRbb WIBIOW2ITEE L TWDZ EBAERINT,
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Fig. 27. Relationship between the genotype of the marker locus and
the total chlorophyll content acquired using an
intraspecific DH population of sweet pepper. The vertical
axis indicates the number of lines, and the horizontal axis
indicates the total chlorophyll content. RO10-3 was linked
to ifc4.2 and TG510 was linked to ifc14.1.
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5) WBGTEIHESG Lz DNA ~—5—0 CAPS ¥ — 1 —~DEH

QTL fEMTIZ X VAL NI R ok RBENZREDIT 5 2 DOEMEFE
W1 X O w225 D RAPD = — % —R010-3 (Fig. 29-A) 33 X O'RFLP v —% —
TG510 (Fig. 29-C) 122U\ T CAPS v —H—~LE#L7=, £, ROI10-3 Wik
DI FEELF & T L7ofE R, TK9-11] 7 L LT 660bp, [AC2258) 7 L /L"C 661bp
DOFEEFIERIEON, WMEFNZ CTHREMZHER LZEZ A, 3 ® Single
nucleotide polymorphisms (SNPs) & 1 ® 1 HEKR & D Sz (Fig. 30), Wr
AW CTEE L7277 A4 ~—% AT PCR 21T\, SEIEKT R % HIFREESE Sphl T
Gigr L7 & 2 A, [K9-11] 7 L TidillrEazzvas, TAC2258) 7 LV Cik
343bp DALE THIMT X 5 B O~ — 7 —CAPS-RO10 2345 51 7= (Fig. 29-B),

Wiz, b= h7a—7 TG510 I\ T CAPS v — b —{b&# X 57=%, TGS510
DEFNZDNWTT —F _X—R & FAWTHE L7z & T A, Lycopersicon cheesmaniae
peroxisomal acyl-CoA oxidase 1A (AcxI4) #E{=F (GenBank accession No.
AY817111) DOFIFRBALEHIE DS 3,897bp 205 1,809bp LI DOEHI & —F L 7=,
Capsicum (23} 5 AcxlAd BnF AT Z7OBRIIBOLN TRV, £k
ByERATEZY VY BT T I ~— %R L, BE—< 5/ 5 DNA AW
PCR 2{To7c T A, B S5 AV ba ZHTe T 223bp OB Y Z N
YRR/ ONTe, ZOBIBEYOEREEFIEZRE LIE Z A, 120 SNP 235
WT& 7 (Fig. 31), HEIEWTH % HIFREER Rsal THIMT L 7= & Z A, [K9-11] 7
LTI S, TAC2258) 7 LV Tl 45bp DALE THINT S 45 SLE M

D~—H—CAPS-TG510 2345 L 472 (Fig. 29-D),
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Fig. 29. Molecular markers linked to W1 and W2 locus.
Random amplified polymorphic DNA marker RO10-
3 (A) linked to the W1 locus and the RFLP marker
TG510 (B) linked to the W2 locus were converted
into CAPS markers CAPS-RO10 and CAPS-TG510.
M4: ¢ X174/Haelll digest, M: 100bp ladder, K :
‘K9-11°, A: ‘AC2258°, 1-20: Segregating DH
individuals.
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K9-11 1:TCAGAGCGCCTAAATTCAGCAAATAGAGATGTAAGAGACCTGCTAATTAAAAAATTITCTA 60
AC2258 1:TCAGAGCGCCTAAATTCAGCAAATAGAGATGTAAGAGACCTGCTAATTAAARAAATTTCTA 60

Fh Ak hkhkhkhkhkhhkhkhkhkhkhkhhkhhhkhhhhdhkhhhkdhrdhkdhkddhdrhkrrdhdhkhkhhrrhrhkhhhhkk

RO10s2
61 :GAATTTATGATGGATCTAGTCATGAGATGGAATAATGAACATAGACAACATTCAGAAGCA 120

61 :GAATTTATGATGGATCTAGTCATGAGATGGAATAATGAACATAGCCAGCATTCAGAAGCA 120

Ak hkrk Ak hkhkhkhk A A khhhhkhkhhkhkdhkhhdxdhhhhhrhkhkhhkdrhhhkhhkhdk *kx *Arxhxhkdkhkhdhhhkx

121 :ATATTTATAGAACTGGGAAACAAATACAAT-ATAATAATGAGAGAAAATTTCATTTTGTC 179
121 :ATATTTATAGAACTGGGAAACAAATACAATCATAATAATGAGAGAAAATTTCATTTTGTC 180

LR EEEEEEE SRS SRS EEEEEEEREEEEEEIEEEEEEEEEEEEREEEEESEESELESEEE]

180: AGATAAAATGAAGGTATTACTTCTTATTTCTACTTCACAGACACTTACATATTCTAATAT 239
181 :AGATAAAATGAAGGTATTACTTCTTATTTCTACTTCACAGACACTTACATATTCTAATAT 240

Fhhk XAk Ak hhkhkhhkhrhkhkrhdhhdhkdhkhkhkhkhrhhhdhkrhhkhkhhkhkdkhdkhhkrbhhrhdddhrhhhdhkhkk

240:GCACACTATTTACTAATATATTTGTACATTACAGGTGATGGGTTCTACTCACTATTCTTA 299
241 :GCACACTATTTACTAATATATTTGTACATTACAGGTGATGGGTTCTACTCACTATTCTTA 300

hkhkhkhkhkdhkhkhhdhkdhhhhkhkhkhhhhhkhhkhhhkdhhkddkhhhrhhhkdrhdhhkxdhkdhkhhhkdkhkx

300: TATAGTCATTGATGARACTGAAAAACGAAACATTGTTTGCATACGTGAAAAAAATGCTCC 359
301: TATAGTCATTGATGAAACTGAAAAACGAAACATTGTTTGCATGCGTGAAAAARATGCTCC 360
Khkhkhkhkhkhkhkhkhhkhkhkhkhhhkhkhkhkhkhkhkhhhkhkhhhkrhrhkhkhhrdhhhkd dIhxhhkdkhkdhkhkhkhkdhhhk

Sph I
360: TGCCTACAATTTTAAGTAGATGGCATACCTTGTCCACATGCTATGGCGGTGCTAAATTAC 419
361:TGCCTACAATTTTAAGTAGATGGCATACCTTGTCCACATGCTATGGCGGTGCTAACTTAC 420

dhkhkhdkhkhkdkrkhkhkhhkdhkdhkhdkhrdhkdhkdhkrhkddhdhhddkhhhrhkdhhhrhkhkdrdhhkhkhhkdd *Akkx

420:ACGCATATGGACTTACAAAGCTATTGTTCTCCATATTACACAAGAGAAAACTTCTTGARA 479
421 :ACGCATATGGACTTACAAAGCTATTGTTCTCCATATTACACAAGAGAAAACTTCTTGAAA 480

LR EE R SRS R SRR EEEEEE LSS ERREREESE SRS EESESEEEREEEEEEEEEEEEESESS]

480: TCATATGAACTTCTAGTTATACCACTTTTTGATGARACAATTTGGCACATTCTACCAGAG 539
481 :TCATATGAACTTCTAGTTATACCACTTTTTGATGAAACAATTTGGCACATTCTACCAGAG 540

LA ESEE RS SRS RS R R ER SRS ERE SRR ESE SRS R EEEEEEEEEREREE RS RS

540:ATATCAGCTAATATAGTACTGCCACCAATCTGAAARATCAAACCAGGAAGACCAAAAAAGA 599
541 :ATATCAGCTAATATAGTACTGCCACCAATCTGAAAATCAAACCAGGAAGACCAAAARAGA 600

LR RS SRR ESERER SR SRS R SRS EEESE SRR RSES SR EEREREEEEEESER]

RO10as2
600 : ACAATTGGGGAAAGGGCATTATGAACTACTTTAAGCAATAARATTTCATGTGGGCGCTCTGA 660

601 :ACAATTGGGGAAAGGGCATTATGAACTACTTTAAGCAATAAATTTCATGTGGGCGCTCTGA 661

Ihkkhkdkhkhkdhhkrhkhkrhkhkhkdhdhkhkhkddrhhhhhkhkhhhhkhkhkrhhdbhdrrdkhkdkhrrrkhkhkdhhkihhkhkkhi

Fig 30. Nucleotide sequences of RO10-3 fragments. Underlined
parts indicate the sequences of PCR primers. The upper
sequence indicates the ‘K9-11" allele, and the lower
sequence indicates the ‘AC2258’ allele. The asterisk
indicates an area with coincidental parts. Underlined parts
in italics indicate the restriction site.

127



K9-11 1:
AC2258 1:

61:
61:

121

181:
181:

Le-Acx1A-s2
GGTGGCCTGGTGGATTGGGTAARAGTGTCCACCCATGCTGTTGTGTATGCTCGTCTTATAA

GGTGGCCTGGTGGATTGGGTAAAGTGTCCACCCATGCTGTTGTGTACGCTCGTCTTATAA
S e ok e K ok ok e ok kK ke ok ok ok ok ke ok ok ok ko kK ok ok ke ke ok ok ok ok ok ko ko ok ok ok ok ok ok ok ok ke ok k

Rsal

CAGATGGTAAAGATTATGGGATTAATGGTAAGTCAATGATTTTTCATGTCACAAGCTGGT
CAGATGGTAAAGATTATGGGATTAATGGTAAGTCAATGATTTTTCATGTCACAAGCTGGT

K dok ke kK Sk Kk ke ke ok ke ke ke ke %k sk ke Sk ke ok ke sk sk ok ke ke ke sk ke sk ok ok ok ok ok Sk sk ok ke Kk ke sk ke ke ok ke ok ok ok ke ok ok ok ke ok ke ke ok

: GCAAAGCATGCCGATTTTCAGGGAAGCGCTTATGGTTTATTGACTTCACATATTTAGGTT
121:

GCAAAGCATGCCGATTTTCAGGGAAGCGCTTATGGTTTATTGACTTCACATATTTAGGTT

hhkhkhkhkhkhkhkkhkhkhkhkhhhhhhkhkhhhkhkhkhkrhh kA hbhkhkhkhkhhkhkhkhhhkhkhkhkhkhkkhkhhkhhkhkhkkhdkhkkhk

Le-Acx1A-as2
TTATTGTTCAATTACGGAGCTTGGAGGACCACAAACCTCTTCC 223

TTATTGTTCAATTACGGAGCTTGGAGGACCACAAACCTCTTCC 223

ek ok ke ke ke ok ok ok ok ke ke kg ek sk ke ke ke ok ok Sk sk ke ke ok ke ke ok ke ok ok ke ok ok ok ok ke ok ke ke ok

60
60

120
120

180
180

Fig. 31. Partial sequences ofa putative Acx 1A gene in pepper. Underlined parts
indicate the sequences of PCR primers. The upper sequence indicates
the ‘K9-11" allele, and the lower sequence indicates the ‘AC2258’
allele. The asterisk indicates an area with coincidental parts. Underlined
parts in italics indicate the restriction site.
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= 2 TH 5= CAPS-RO10 3 X NCAPS-TG510 Dffiv—H— & & DHICEIT S
SBEERRE LI 2 A, MERTIDO~—H—, RO10-3 BLTG510 & [7 U4rBkEA

~LT,

4. BE
REBDZFEDIHE AW FRITIC L > TRIHEINTZ QTL @ 2 b, ifel 1, ife3 1,
ife4.1 B L Wife10.1 D 45D QTL iX, 2 DH %# % AT QTL T 21T - =%
WZHAS FERPEMLTWDEZ &0 b, FEDOHEMIZES % QTL TH S
LHEIND, M TH, LG4 LD ifed. 113, & TD QTL T TR ERITHRH
SNTWVDHZ LD, REAREAOKEHEEOCHEMIEL T, ZbBRVEES
EFOLEZ OIS, Ben H (2001b) IX, QTL 4TI L - TLGI0 (58 10 Yt
) EICREEBELENIEIEEE3Z%D 1 SO QTL ZRHELTW5S, #5
O L7z QTL iX, ARFFRICE T 5 ife4. 1 \THY T3 L Bbh b, £, ifc4.2,
ifcll. 1 BEXWifel4.1 © 3 SO QTL i FEDRFTD A% FV iz QTL f#T Tk
HERBBD LTS, Zhb?d QTL ix, QTL iEfE~— A —BICBIiT 2 BEF
BLERBBE L ORI S, BAGRECEELZRETETHD L BN,
LU, 320 QTL ™ H b, ifcll.]l & ifel4.11%, RUE 8 Yefafk FizER L T
BY., A—OEFIZEDbDEEZOLND, £KoT, ifed2 & ifcld ] D2 DD
v —H—HBIZB T 2B FREERBRREEAREEICOVWTHELLER. RE
LHBAEOEDHBECEL TiX. ESBLUE 10 REE ED 2 DOBEHNRER

TOBEGCTFEPBEEL TSI ERALNERoT, DFEY, THUHLDOEEER
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BFELHARE wiwlw2w2 TROZ LIZE Y| REREEANEFERAICRDLER
bhs, 2oz Lix, £ DH £FICEIT 2 2 B FEEEIC I 2EHARRRED
SR E — BT D,

HHPLBEDRKAIIN LLEETHLIBEABRORELFTIRMEEHRT S
Lt ZLDFHERMELEL T D, AFEBICLVFELNT CAPS ~—
—ik, BAAREZORRICEN THD LARKIC, SHORREECDE L HH

FICHET D LEDNLD,

5. HE

RBRECERRED TK9-11] (C. annuum) & FEHED TAC2258] (C. annuum)
D F OFEEEBRENNELEER (0=176) % AW RAEEEFTMRERLS IO
224 D7 L LT — 7= —H—IZ X HREH TV — TR 1,100.5 cM DFF 16 D
BHEE (LGs) 2o 5 @SN A HVT, E—v RBREAICET 2 QTL #
WEIToT, TORE, REBELEMIES 450 QTL L HAAREICHE
L7230 QTL 2R L7z, MERELEMEELS4OOQTL DS H, B—=<
V10 BRI Y T 5 LG B ifed. 11X, REFEEBORKEIRE ORI
LT, RbBWEENERF LEZOLND, £/2, HEAARREIIEET D 3 2
® QTL ife4.2, ifell1 BELVifel4.11%, BE—~<rFSBLOE 10 efafk b2
DOERNRBETE (W1 BLOW2) IS L, Zhb0EHEBRETFEHMES
E wiwlw2w2 TEHOZ LIZE Y| REAREANERRICRD ZLPHALNE R

o, EBIT, WIBXOW2IZHESE L CAPS ~— U —%BRFE LT,
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HOWHMEDRKAIIKT LEMETHIEARDORELFRTHZ L1, £<
DOFHERBEZMLBEL TS, ZOWEICE > THE I CAPS v—h —|3%
HERELBEOBER E RRAREQICETISHOMEIIHFESTHIHDOEELD

ns.
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HSE BREBEE

B U DEEIZBWTIE, TORFBERTRAIRENREEL, RERHK
BEALTWDS, BEEDEZ A, T bDREICR L TITERIC X D8RP —
BREITHDN, FRISES ANLART T 47V R MIESNBEAIN., RMIZHEK
B4 5 BESCHET BHNMRLInsD T, BEEFEDRVWERIEE L TR
PIMEREOHEANREZ X G DN, EIHEREOFTRIZIZIZ K OBERIRERD
BfR L., MROFRIETIIBELRETH 5720, FREIZITOI TUVRYY,
McCouch & Tanksley (1991) {2 & - T DNA v — b —% AW - BEEFREENSIRE
SN, - OFRICEWTUIREZBWTHRIAI AT RN, Zh
iX. SCAR v—H —ZEDHEVFVDNA v — I —BNF L A FBRBE I TV RN
& BRa RIRHUEE IS L7282 < @ DNA v — 7 —2MEH S Tuvian
TEBFREEZ NS,

AFRTIEZDL O BRREREZ, E—~ v OXEARABEICEHL- DNA
~— W —DOBAF L QTL BT 2 BRI OV TR TE 2, Thb
DRRIZONTIE, =< FHEOH LWERSHIRIL TS EITIC, 4%
—RBOENBELNRTNIE R BV, EZTARETIH, AGBHFONHSHh0
RIZHOWTHih, Zh b 0FRENFIRICE T IMBERLERL., S HIZ5%&RD
BERIZOWTRRSZ L L& LT 5,

B — TR DR ETIZ. Wang & (1973) ICK o THIOTRIIL., £

D%, Dumas © (1981) KXo THEEIN—&MIZ/R-Tz, LOLEBRL, £
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NHDFETI, EWEBEDRMELS | AREFHERL D S Bkt ~o
BHEEEEIT O 12, EESEMTEL ORM EFHBREL Shiz, £Z T,
BRFRIZE D O~ UEBRICB T B FMOBRTB L VTHBR 21TV, —BE
EEEEFRE L, COFEEFRAVEILICLY, BERT TOESLEE A~
OBHCHEMIEROEEEZE 2 N TE, REREHEBRR O, B—
R M MEIZR T RO BREMEEDIT EFE F AfEE LTHRER TR,
FOBLRDMREETRT DI 72< ed 8 UL LOBMAVESL T
HZLinb, ZLORMEFNEET D, AR THE L —BEEERECL
D RN, BRICHREEHTE 2 FEL LT —<v BRI UEE
fRNTASBEEFROBTRICKRE BRI D2 bDEEX LN,

Flo, E—< U FRICBWT, DNA v— b —IZ X 2 BEFHTZEAT I
WZiX, BEENTICE LBt O BIE R & RiE 2 DNA ~— 7 — OB L OFE
BORLETHD, HIERIZL > TEHINZRHEIT. EOFRIZHD L ERN
Bz iz, ~7T aEERKOREICL2REABEOENR 2L, B
HEFNTT 500K GE LM ERTH D, 22T, FFRICLVBHEREL
- — B R A AV, AR T DHIT6 A B Lz, Th b % AV TR
RELIToI/KR. REOKHE., MR, RERBICRERICE L TE. #Eit
HIUZHRBEL e Z & BRIRIBEDPBEE LTS EE X b, £/, PMMoV
BB L OEAREICEAL T, BE—EBE& 7 XEUC L 2 2B 101 I2EE
L7223, BBl LTI L7 TK9-11) BOBEEDPHFFIND L )00/ I

WZholz, HFERDOKEEL LT, BOLENEWE DT ORF O LB mF 058
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WENDZ LWLV BB DEAREALCD L VI BMENH Y (Graner H 1991,
Murigneux & 1993), B {LEENERWAHE & L THE L7z TAC2258] DFFOx*t
MEBR TSRSV, DBELLDOEREZ AL TV D AREMENS R STz,

B U T A R EOMO EEEMIT LA F I OREIZESH T 5 DNA
v —A— LB INTEL T Z<OFABEICEH L/ DNA v— 7 —0DF
& & E 72 DNA v — I — DRFBHER VbW 2/~ v © o FEiN OB B LE
LEqND, T, BIRRAHEO L THEEOE—~ U EMTIE, PMMoV (Py)
ICLDWENELATH Y, ZRICHIET 2 L EFMZ2E T 25REOERKR L.
L #EG{ L1 DNA ~— 7 —DRENLE LTV 5, AW TIL, DHI76 R TO
HERERREEZ b LI, PMMoV EHitEBEFE [ & A HEBICHT 58 EF
JECITHES{ L7 DNA ~— U —%BA% L7z, [ ICHES L/ DNA ~— I —i%, L’
KFnH28 MITALE L., "I EERAWCHE LE, 0%, ZEMICKRH
T& 2 3LEM SCAR ~— U —PMFRI11 & BMD PMFR21 IZE# LT, 2 bD
< — 0 —%, EHHEREEIRO PI 159236 B3k I’ BiaFEADT-ODO<—I—
BRBERBICAD THDZ EBPHRENZ, &6, LT Lo IRNEEE
JED P1260429 1Zxt LT H SR ZRT Z & b LRSI RFOEK O 72 D DNA
v—H—L LTHHHTE R Z LR SN, DH £MickiT 5 L’ BT
TORBEDESD, DNA v— I —BRRICEREL 52 5 Z LN LB I8,
T 5 ?D SCAR = —X—i% BC, E£MIZHBW T DH £M & FiFF UH# 2 fhi%
ALz D, ERANIERTE S Z N SN, CITES LT DNA <

— I —IX. CIRFH5 0.6 M IZHLET S SSR ¥ — I —PAP-SSR T. PAP &=F
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Lt~ A a7 54 MERERIALTHRE Lz, ZOHEKTIE, £<DO7
LARFEEL, BR~— I —L LTOFIEZHERTE 2, AFRICL > TH
FEINZLPRIOCITHEG LI DNA v—F—iF, MASICX B —< BRI
BWTRESERTLO2bDLEZDLND,

Ve lBI A EE Y v B T HIROBFEIZOWTIL, DNA ~— U — %4
HIMCH%E L., EHROREL KD -OILEREHRCTHE, BHET IR
BRI Dk~ oy BEER T QTL T 217 5 72 01Zid, RIS/ LA MR
L7 g X & R IR D2 BN SE ThH D, €K, B—~< 2 Tik RFLP,
RAPD BLXWNAFLP IZ X B~y BV IR fTONTNDEN, L DFENEEL, &
Mo CMaRE LB L T 5720, b D&M & WHF 7R Tk,
RAPD HiZ X W /MR~ v B T RITD LD o7, £ T, AR T,
Kawasaki & (2000) (ZX > CHA¥ I i7z HEGS/AFLP 2 b —< 2 D< vy 7
CEBWCTHEAL, SRk QHGFHREZER T ERAMREL toTz, &
DFEEEX. T7INAT I RTFVOBMOBNHBES T, N FOBEIZT A Y b
—FRRYets, = Y EER LRV DR TE IS v BV SRR
ThHhdH, EEMHE LTI 1 AT B%72D 768 o T LD FVWREZIZT
%, ARII. ZTOFEELIHIZHR L, AFLP L —AKEHBREEL R
(Single-strand conformation polymorphism ; SSCP) DfHAAHER, SSCP & 4
J LB L OEST I SSR LA/ DLEDZ EIZLY, vy VU 7 OEERLLE
B> TS FETH B,

AHFRIZ L - TH LT 530 D F~—h — & AV CEET 21TV, 224 O
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T — LU= w—0—IT KD 16 DESREN D2 D EFMBK 2ER LTz, £z,
ESIT OFER NS, ST EEFRVTELONZ L IGES L7 SCAR v— 1 —
(PMFR11 3 XU PMFR21) £V b, EOIGEBINET S L’ 28-ATK 4 50
DNA v— W —»Ebhi, BEE T, I’ 2ATHAIL—I—3Fbhi
EVVHBEITARV, 1 BEORESFICEB W TEWERER To 2 BB AIX, 1TE
AMERBZLRWEBZONDTD, T 6D DNA v——id, HEHEEERE
EITOTIRFUEEESEEIGRE CE S5 —— L LTEORABI MR IND,
L%, ZhbD~—N—% SCAR LT 5 LT, BREHRG CORAMEES L
5HbDEEbNS,

T2, ARBFEICEH L DNA v~ — I —DERE L MASIZL B —<F
FOBFIER S 725 DH176 Rt %2 AV EREFIHER L ORBRREERD QTL
BT 24T o Tro RO BIRIZ OV TIL, DH £ TO XA FER R A5 H#
B L= enh, BREOBRBENEES L TWD I EWmRahi, ¥, £
T TR O EHIE RS R A AV T QTL ST 247\, 3 EEHERIC 3 D QTL
Phyt-1, Phyt-2 BEX O Phyt-3 i L7z, L2xL., 3 20 QIL &iff~——%
BAW-ERMOmMSRIZE Y, 2 D20 QTL, Phyt-1 B LT Phyt-2 1Zi%. BREH
PEICEE L TRIMMZIESH D . MAS IZL 5 B —< UERIETIESEDO TR D
7=DIZiX, Phyt-1 & Phyt-2 #RETEOZ & T, R REHMEE[TE5TE 5
LDEEX LN, A%iX. BRED TK9-11] 28BNy 7 7T RiC
L7z Phyt-1 & Phyt-2 2 ENENBI X ICH T 5 HRIERMEBFRL, TERZ Y

AR LU QTL DALEIZSDWTHAELZITO TETH D, SEIFHFE LK
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itk QTL EfBITAE T 5~ —H—id, BED L Z HEMD AFLP 3 L UV RAPD
v —H—THDILnb, TNLHDDNA~V—H—% MAS THERALAL 757
DIZIX. SCAR BLWCAPS v — W —HIZHETIMLERH D,
RAREAOTMIL, BRTOHENLRETHL 2O, AFAERL LI
Bz AWTHEEL L7, EREIEL R BMFEPBEELTWS2®,
BRI R LTS, HHOEAEREOHBUCEAL TX, BERADSH
HIZE YD, 2 o0BEFBEELTWD EBbh, T bDRBREERAET —¥
RV QTL T 21T o 72 fE R, 6 S — vV RBRREAIZETH 7 >0
QTL R L7z, #ELEBEOBOLBEICEA L TiX, QTL, ift4.2 & ifcl4.l
RSS2 2 SOEMRERE T IBLFEWI BIO WM T TXESh, 8
8 BLUE 10 LAEKICEBRLTCWVWAZLEEZHAOMNILE, DF V., AFLETH
AL TW% DH #£RIiCkKT5 W B FETIX. WIWIW2W2, WIWIw2w2,
wiwlW2W2 B L O wiwlw2w2 DB FRIZHBEL . wiwlw2w2 OHZPHERE%
AL, ThUSIRBE L RS, &BIT, WIWIW2W2, WIWIw2w2 B LW
wIwlW2W2 DREZFRIL, ifed. ] DX D RARRRECORKERE LM T LR
FHAMOD I EIZE Y, FEREALORBRADEFGHRZKED M ETRTHDOL
EZbND, ABFIX. Capsicum KRR EBIIBITHFKAELIIEBEELZRE
THOBEBGTE, WIBLO W ICET LD TORETHD, IHIT, W BX
D W2 IZEH L7= 2 2D RAPD 3L O'RFLP v — X —%, MAS IR 3 57
(2 CAPS = — W —~CE#] LTz, F/-. REAOHMIEET 2 QTIL &L T, 4

SO QTL BBHINNB, Z0 55 LG4 LD ifed.1 1. £ TD QTL fig#Ht T
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HEINTEY, FEFEFRLENI L6, RRREADKEIRE OHEINICE
LTRENICBE, RLRNEENEHOLELXOND, E72, WIIIXE LT
ifc4.2 X, 2 DH %#t % AT QTL T 21T - 7233 ATt~ FERIIBA LT
WEH, RREDRFEDHE FAWIBITIC L > TQTL v — 7 i s hiz, F—
Yefa ik b2 B ifed. 1 & OEBEITH 40 M BEN TV B 720 ifed. 1 OFETIX /W
LEx b, W EHEITREAREDHEMIZET 250 QTL BNEFEET L DH, %
21X Wl b0 FREREOHEMIZEL TEEAZF-TWnH NS Z R
AR ENTz, & QTL OFOHEREZ I LICHEMICRET 2720, F2hd QTL
EERLIWZH L, BEWNRANY 7 770 FEEAX-RRERKEEZEKRLT
WS FETHD, ZOMEIZE > THEIN CAPS v —V—id, MASIZXD
BAGREREOBTRE RRERAICHET 25ROBEENHEICHFS TS
NEEZHND,

AT, BB RE(L LI BIGHFATICE L2 DH Rzt LTH
W, TOZ LR, EMRAFVEFMEZITO 2L 2mREL L. SHICERBNRE
Z ODDNAY— I —ZHRETE R VEENOSEFANRER THDLHLEZ LN
%, BEFFALENL IOERNOE 2 @M HIZER L., #iX Eo@EsH s
% DNA v —H—% AWV THRAR: MAS 2179 Z & T, BREEOHRILNK
LB, LOLARNL, AR CTHER L 2SR Ficix, SRFEERE, 5
EABRIEGMYE, BB LORESORELARRPHEIT, vy LTS
NTWRY, S%IT, AR THIEBEMHEZ S L2, 5L OFE & @S

M EICEREL, B~ FREEROERIZEBRL THEEL,
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AL, ©—~< I8 5 DNA v — b — & AW BB RN OBRICE
THZLEEWIC, HTBREENFEZRC., FRAEEICESH TS DNA ~—0
— D%, BIoRADOEHAE L2 OFREFIRIEIZOWTRT D, TDH,
BB 1 ITHIE AN & FI VO o RPN AT HE R SN e B R o0 2 R BB AR D BR
FLBERLICRHOTEEREIZOWT, 8 2 ICHEWFAAREICEH L F~
— N — D% L B —~ IR D ERERESH MR RN OB RIC oW T, & 3
(IR DR E O BEHIFEE & QTL MHTIZ L 5 DNA ~— U —DOBFIC
DT, B 4 [TRARERAICE T 2 BIHIFHE & QTL 4TI L% DNA =

—H—DERIZHOWVWTHRBT A,

1. BHREVIRFER BN O 2 A, —BREERIEIC L DR EBICOV
THRETLIZHER, 6 RMOEMEFIEBIRBHLNE 2D, No5) & THiE
U2 Y D) THHMERIELS ., KFEOBEAMIBWI LRSI, Ewk
BRI, RMETRERENPAELCDIZLPHBA L, FHERIFAT IR

MOBEIIIHFICBELRTITRG2NZ LARENT,

2. — BRI E A FWT, 7,835 AOE R OKEAEEE L. 176 AN SH
RSO, T ORI K DH176 2% AV, SR ERSME

DREEIT TR, BREMRE., B, REEBLIOREHDOERLHEKNXIZHOWV
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Tid. DHEMTOLBEC SV TW TN b ERNRSBEE R LIZZ L b, £h
LOERBICHE L TIBEROENZRRFHEE L TWD Z LR INT,

PMMoV #EHIHER L OFEAOBEERICE L CTid, DH 8 X O BC, #RIZH1T 5
S LY, BT EBEGFXEIC I DENRBERE THD Z L AR S
iz, £l B L7z DH £EIZ W T ENEN OB FEEIZI VT, TK9-11]
FIOBENRORLEVMERICSH D Z b, SBEHDELRZE L TV S ATREMED

T X,

3. v —~ > (C. annuum) FTEPNZIHEIZ X B 176 RO #aE S B 50 f
fn (DH) £ % FAV., S 2 KLY L BETFIC#ES L2 RAPD v — 4 — D
¥E2iTo0, T THLNI-ILEND RAPD ~— 4 —El187, 3 X Y E1886 12D
WT, Zu—=v7%, BERSIZREL, SCARv—F—IZ4E# L7, DHE
ML ORE LREEREZH W2 PCR S DfER, £TD SCAR v—H—,

PMFR1139, PMFR114; 3 & U PMFR21509 i RAPD ~— % — L Al U5 BfEZ R L,
L’ BEFHD 2.8 cM OEBECMIE ST iz, &5ic, JLEMED SCAR v~ —7
—PMFR 1169 33 X N PMFR112g3 % VT Capsicum J& 4 T 19 R#IZ I 1T B8
DREEIToT-MER., AETHRE L7z SCAR ~— I —i%, B—~< U FREIZEIT
% PI 159236 Ak [’ Bl FEADIZDDv—h —BEBERICEN TH S Z &4
B ol igolc, £, MERFBITRERIG., L EHUHEREERD P1260429
XL THERERTZ D, LI RHERE DO OD DNA v—H—L L

THEHATEDZLEPHALMN L RO T,
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C BT EIED~— I —%155 7=, Plastid-lipid-associated protein (PAP)
BETFERO~A 7 0YT 54 MEEEZFIAL, CEBTFEND 0.6 M IZAE
9% SSR ¥v— U —PAP-SSR ZHF L 7=, Z DFEIKIZ DWW TIX, Capsicum J& 3 &
ERWRET T 7 A MEFTB L OERERSBITERICLY . 20T VAR

FEL, BR~— W —¢ L TORPMHELHER TE I

4. v —< > (C annuum) TEPIZIHEC K % #EEE H K 176 RIEDOMEM4EK
%% (DH) #MH% Fv T, HEGS/AFLP 3 L U RAPD %I & % EH#IX D1
BAE{T-o72, 382 D AFLP ~—%—, 122 ® RAPD ¥v—#%—, 3 ® RFLP ~—7
—. 8 ® SCAR v —H—, 4D CAPS v —H—FB L W11 ® SSR v —H—n b7
53530 D DNA v — 0 —& PBLXOC 02 E%Z AV TESFRT ORE R, 224
D7 VL —hU—7<w——lLD 1l DR/ EHFHEE (56.8-118.3cM) & 5 D/
S7RIEGHRE (1.8-26.6 cM) DFF 16 DEHBEN LK S Nz, MIEHFER 1,100.5
cM, i~ —J —HEERE 4.6 M OB RGO, —RENCREMZHEER
(ZHE AR DR AR BE AMEV RN AR HE I >k DH £HI1238V\ TH . HEGS/AFLP %
AWs Z & CREREFHMEOER B FIRE TH o7z, Fio. EEEAHT OFEREH
5LICHES L3 DAFLP v — 71— X1 O RAPD v— X —& CIZHEBL7-

1 ® AFLP ~— b —0 5617,

5. B —~ RN MR SRDHER 2 W T, BRERHEOF M Z1T > 7o,

B A2E 35 TAC2258] CTHLEM BED 208 LT OHEITITERICREG: L
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DT Lo bh, TAC2258) DA T HEFREMMT., BEFLMNLHFAELTND
DT | AEDP BB LB ARFHICREBA L TV bDEEXLND, £,

FREHMEDBIZIT OV T, DHEMR TOFHEFRRITERHICOM LI L
Dh, FRETIHEIIENRBE TH D Z &R E&Nz, L L, DHEMIZEBIT
DEGFHRBOERZMN, EFRBOEBVRM L IRVRED2OD 7 NV—F12 5y
L. T HIZ30% DRI/ RE—I7 BRD LN Lh b, TAC2258) OF
THEREHMEICIT. FEROKREXWVISOEBHERFE L OEROF 5RO

MR FPEE L TSI ERRBINT,

6. IR RIRTE TK9-11] (C. annuum) & EiR#EHIME TAC2258] (C. annuum)
DF, DFtEH B REMEBIRER (n=176) % A\ R IEPIIEETM®E R 5 &
V224D 7 L— LU — 7 < —H—IZ X D#EH 7V —T7&1,100.5 cMDEF160D:E
SHEE (LGs) 2> b7 IS & F\ T ERIEHTHEIC B 5 QTLIRMT 24T > 72,

ZORER, LGl (MU H T UEIRER), LGe (MU T VEIERER) BLW
LG7 (MUH T VESYAE) OESERIZI>OQTLAKRE &Sz, & HLODE
DEWQTL Phyt-11IILG7 L TR & v, LODIE67.02, H5H82.7%% R LT, &
LD~ —H —IZIAFLP~— b —MI10E3-6 Cdh - 7-, LGl L THRHE X 7-QTL
Phyt-21%, LODE2.54, H5£64% %R LT, &KbLITFED~—H—IIRAPD~—
1 —RP13-1TH > 7=, QTL Phyt-31FLG6 L THRHE &, LODfE2.20. % 53R5.6%
ERLT, BOEHFEDO~—I—IIAFLP~—% —M9E3-11 ChH o7, 20D~ —N

—MI10E3-6 L RP13-1%Z RIBFIZCH WD = & T MW T2 F - =R R L <
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BIKTEX D2 LR I NI, 2DODELEFEPhyt-138 X OPhy-2121%, BiRIEHT
PEIZEE LTI ZRZIEN S B Z &R &, RERES DPhyt-1& Phyt-2% [FlFE
WCETAHZ LT, BMERERIEIMEET ALV DOFRBARETHS LA

b,

7. - U RBRERIZHET HBCERAOMHA L QTL MATE1T 5 720

DH176 Rtz A\, BREER & oEEFHC L D RARECDFEEZIT -7,
ZORER. FI ICBIT O RBRREGBBEFE L 27 nu T o VERIT, WMEOTHD
HERLIZ LD, - U RRREAOKAITHAARIIH LAZEEMET
DI LRI, £z, HEREZOHEFGHREBDOEIIZOWVWTIL, DHE
MBI A RBEEGIEE L £/ 0 7 A LERBIZHOWVWTERIROBEL R L
eIl D, BEROBRMBRRTFNEELTCWEZ ENRBIhEE, LML, %
HOEABREDOHIICE L TiL, DH169 R 43 RN EARTH S Z &0
5. 2 00BEFHEELTVWAEEX DN, SOIC, RAREAFEL £
ERT7 A NVERIIZACHBRS D LD, v U RBREAICRIT DR
BOEGRIBRENMIT, 2707 4 VERFRIZEIDZDDOTHY, B—v K
BREEEOWEIL., BFMEEITOTIC, AREEFICLAHHLIFEICLY

BIENFIRETH - T2,

8. KRB EEBEGEED [K9-11) (C annuum) LEBED TAC2258] (C

annuum) O Fy OFGEER BREMEREERN (n=176) &AW REEERQITM
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RRBLV 224 D7V — AU v—h—IZ L DREH I L—TE 1,100.5 <M
DFt 16 OEHFE (LGs) 7672 2 EGHMIK 2 AW T, B —<v U REREAIZHE
T 5 QTL f#tr 21T o 7. ZDOFER., MBMELZHEMEES 4 50 QTL L HAR
RECEELZ3 20 QTL 2 L, kEBEZEMEIES 45D QTL D 5
H, =% 10 REEICHY TS LG4 LD ifcd. 113, RAREBOREIEE
OEMIBALT, RLBWEEHEFOLELOND, =, HABREICHE
3350 QTL ifed.2, ifcll.] BEXWifel4.113, ©—~< 8B IO 10 Y
BEED 2 SOENREBETFE W BLOW2) i l., ZhboEERRER
FHHWERET wiwlw2w2 THEOZ EIZL Y, RBREEERFEAGICRDZ LN

BN R, EBIT WIBXO W2 IESH L7- CAPS v~ — bV — % LT,

Utizk v, AFEICBW T, B—< 2815 DNA ~—h —% F o5&
HERBINOBRBICE T2 Z L2 BIC, BEEBTASBEER OER. HEF
ffi. FAMEIESH TS DNA ~v—F— D%, QTL f&#r, % L7z DNA ~v—
B —OERBHFAIC OV TR L TE e, KFROKRREIL, B —~ il s
AHGEOBGHITB L O~ — 1 —BKREREEIFNORABICKRESERT S D

EBbNnD,
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Fundamental breeding studies on the development of the molecular markers and

QTL analyses in Capsicum annuum

Toru Sugita

Summary

This study states as for developmet of DNA markers linked to useful traits,
elucidation of the mode of inheritance and application of DNA markers for breeding
with the object of contributing for sweet pepper (Capsicum annuum) breeding using
DNA markers. I state as to, first, development of a practical anther culture method for
development of intraspecific doubled-haploid (DH) population and investigation of
morphological characteristics, second, development of DNA markers linked to
qualitative traits and high-efficiency construction technique of the linkage map on sweet
pepper, third, genetic evaluation for resistance to phytophthora blight and development
of DNA markers based on QTL analysis, and fourth, genetic evaluation for immature

fruit color and development of DNA markers based on QTL analysis.

1. Culture conditions using one-step culture method were examined in order to
develop the efficient anther culture method. Consequently, regeneration efficiency using

the one-step culture method was evident in six accessions and high regeneration rates
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were observed in ‘No.5” and ‘Tosahikari-D’, and it was shown that this method has the
high applicability for these accessions. However, it was suggested that there was a great
difference between accessions on rate of regeneration, and it was shown that selection

of the accession used for an anther culture must be cared sufficiently.

2. One hundred seventy-six DH lines were obtained by one-step culture method to
cultivate anthers in 7,835 buds. As a result of investigation of several morphological
characteristics of fruit length, diameter, ratio of fruit length to diameter and fruit weight
using these DH lines, it was suggested that the several quantitative trait loci were
involved in these phenotypic expression, since DH lines revealed a continuous
distribution. It was verified that the mode of inheritance of resistance to PMMoV and
pungency were qualitative inherited character owing to segregating ratio in DH and BC;
generations. It was suggested that there is possibility of causing the segregation
distortion in used DH population because it was inclined to ‘K9-11° genotype at each

locus.

3. Applying the bulked segregant analysis method using 176 DH lines in
Capsicum developed random amplified polymorphic DNA (RAPD) markers linked to
the L? locus. The codominant RAPD markers, E18,7, and E18,35, were converted into
sequence-characterized amplified region (SCAR) markers by molecular cloning and

nucleotide sequencing. A PCR analysis using DH (n=176) and backcross (n=190)
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populations revealed that all the SCAR markers, PMFRI11,6, PMFR11,33 and
PMFR21,9, co-segregated with the original RAPD markers, and were mapped at a
distance of 2.8 cM from the L’ locus. Furthermore, after confirmation of their validity in
19 accessions of four species in Capsicum using the codominant SCAR marker pair,
PMFR11,69 and PMFR11,43, it was suggested that the SCAR markers developed here
could become effective in marker-assisted selection (MAS) programs for the
introduction of the L’ gene derived from PI 159236 (C. chinense) to sweet pepper for
breeding purposes. Moreover, as a result of nucleotide sequences, it was suggested that
these markers could be useful for selection of L? resistant lines because these markers
had some polymorphisms to PI 260429 which was resistance resources possessing L*. A
closer marker linked to C, plastid-lipid-associated protein-simple sequence repeat
(PAP-SSR), a microsatellite marker linked to C, was found at a distance of 0.6 cM. It
was examined the usefulness of PAP-SSR with three species in Capsicum using
fragment analysis and nucleotide sequences, many alleles were found at this locus. The
results suggested that these markers could be effective in MAS programs for sweet

pepper breeding purposes.

4. A genetic linkage map of the sweet pepper (C. annuum) using an intraspecific
DH population was primarily constructed by amplified fragment-length polymorphism
(AFLP) using the high efficiency genome scanning (HEGS) system and RAPD. Linkage

analysis was done using a total of 518 molecular markers that consisted of 382 AFLP,
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122 RAPD, 3 restriction fragment length polymorphism (RFLP), 8 SCAR, 4 cleaved
amplified polymorphic sequence (CAPS) and 11 SSR markers. The linkage groups
consisted of 11 large linkage groups (56.8 to 118.3 ¢cM) and 5 small linkage groups (1.8
to 26.6 cM), covering a total distance of 1,100.5 cM with an average distance between
224 framework markers of 4.6 cM. AFLP markers could be developed quickly using
HEGS, even in an intraspecific DH population in which it was generally difficult to
detect polymorphisms in comparison with interspecific crossing populations. Linkage
analysis also provided three AFLP markers and an RAPD marker linked to Z°, and an

AFLP marker linked to C.

5. Inoculation of Phytophthora capsici and evaluation of resistance were
performed using an interspecific DH population of sweet pepper. It was thought that the
resistance didn't have from the start of germination but it was acquired as plant growing,
because even ‘AC2258’ possessing resistance to P. capsici was infected and died in
seedling period within 20 days. A continuous distribution was observed for the survival
rate, indicating that the resistance to P. capsici was polygenic. However, the survival
rate tended to be distributed toward both ends, and a small peak was identified in the
range of 30%. It was suggested that the resistance was controlled by a single major gene

with a large effect, and some minor genes.

6. Analysis of quantitative trait loci for the resistance to P. capsici was performed
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using the linkage map consisting of 16 linkage groups (LGs), covering a total distance
of 1,100.5 cM and the inoculation results of P. capsici to an intraspecific DH population
(n=176) obtained by anther culture of an F; hybrid between a line susceptible to P.
capsici ‘K9-11° (C. annuum) and a line resistant to P. capsici ‘AC2258° (C. annuum).
Three QTLs were detected on LG1, LG6 and LG7. The QTL with the highest LOD
score, detected on LG7, explained 82.7% of the phenotypic variance with a LOD score
of 67.02. This QTL was designated as Phyt-1. The nearest marker was an AFLP marker,
M10E3-6. The second QTL, designated as Phyr-2, was found on LG1. It explained 6.4%
of the phenotypic variance with a LOD score of 2.54. The nearest RAPD marker was
RP13-1. The other QTL, designated as Phyt-3, which was found on LG6, explained
5.6% of the phenotypic variance with a LOD score of 2.20. The nearest AFLP marker
was MOE3-11. It was confirmed that the lines with a high resistance could be efficiently
selected by using two markers, M10E3-6 and RP13-1, simultaneously. The presence of
both Phyt-1 and Phyt-2 under homozygous conditions might enable to breed resistant

cultivars of sweet pepper.

7. In order to elucidating the mode of inheritance and performing the QTL
analysis with the immature fruit color of sweet pepper, it was investigated the index of
immature fruit color measured with a Hunter colorimeter and the total chlorophyll
content measured with a spectrophotometer using a DH population (n=176). As the

result, the green color of immature fruit in sweet pepper was incompletely dominant
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over sulphury white because F, exhibited an intermediate value of ‘K9-11° and
‘AC2258’ with the index of immature fruit color and the total chlorophyll content. It
was suggested that the several quantitative trait loci were involved in various shades of
green for immature fruit color, because DH lines revealed a continuous color
distribution with the index of immature fruit color and the total chlorophyll content.
However, it was suggested that two genes might be involved in the appearance of green,
since 43 of the 169 DH lines were sulphury white. Furthermore, it was confirmed that
the various shades of green for immature fruit color were caused by the change of
chlorophyll content, and the immature fruit color of pepper could be measured by a
simple method using a Hunter colorimeter, without the extraction of chlorophyll
pigment, because significant negative correlations were evident between the index of

immature fruit color and the total chlorophyll content.

8. Analysis of quantitative trait loci for immature fruit color was performed using
a phenotypic data of immature fruit color with a DH population obtained by anther
culture of an F; hybrid between two accessions of C. annuum, ‘K9-11° with immature
fruit color of cedar green and ‘AC2258° with sulphury white and a linkage map
consisting of 16 linkage groups (LGs), covering a total distance of 1,100.5 cM. Four
QTL for increasing green color intensity and three QTL for the determination of the
immature fruit color green or sulphury white, viz. for chlorophyll biosynthesis, were

detected. Specifically, it was presumed that ifc4./ on LG4, assigned to the tenth
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chromosome of pepper, had the strongest effect for the increasing green color intensity.
Moreover, it was suggested that three QTL, ifc4.2, ifcll.1 and ifci4.1, for the
determination of the immature fruit color green or sulphury white, are corresponding
with qualitative two loci, labeled W1 and W2, assigned to the eight and tenth
chromosome of pepper, and the immature fruit color of green or sulphury white was
determined two duplicated genes, WI and W2. The lines having the genotypes
wilwlw2w?2 theoretically showed sulphury white. Moreover, CAPS markers linked to
W1 and W2 were developed. Raising cultivars with sulphury white was labor-intensive

and time-consuming because sulphury white was recessive to every shade of green.

In conclusion, I have stated the following, the raising of segregating
population for genetic analysis, phenotypic evaluation, development of DNA markers
linked to useful traits, QTL analyses and application the developed DNA markers for
breeding for the purpose of being applied DNA markers on sweet pepper breeding
systems. It thought that these results contribute the genetic research and MAS on sweet

pepper in future.
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