7 Ah o a—)N (Trifolium pratenseL.) 1ZHBF5

DNA % —# — O Bi%E & 2 O EREFI A 12 BT 5 BF5
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Trifolium B35 250 BH V. FD D6 25 BARBEME L TR S
N, BTHTH o a—)\ (Trifolium pratenseL.) 1 ZZFEELE DT ABHEYIZ 2
IND (B S 1985), HETREINTWDS TroliumB\IEIZT A 0—/)N
o o—)N (T repens) THEEL THRAINTNS, TDIEHN, TILY
4 70—\ (T hybridum), 7V 1) > 2 O—)\ (T incarnatum)., 7 O—")
— 727 0—/)\ (T vesiculosum) 73 ENVHE, BB, REEMELTRESINT
Wb, Trfolilum BOFEEMIII—S5 7 KEEN 61% T A Y J1 KEEN 26%. ]
T 7V AKED 183% & 3 KRERIZIA< L. TOAES 1 FENSEEE, H
FEAD S MFEYE E BRI H 2D,

YA O—=NZ— 57 KRB X U igin RO FEER T,
FE 3~4 #HEIZIZI—Oy NNTRENTONTEY., 13 HRLIZEAXRAS T
RAORBENER S N2 2 EDREHR S N TV S (Sjodin 1966, Merkenschleager
1934). ABIIMYEFCEENEER T, WEMAELE <. BT BORNEN I
BN, RENES THLREORENS 16 #HELICIZ I — O v /X &2 FLITREE #
WIEIMO, FOBRT AU KR, FE7 2T RKEANEREL TWwo7z, £k,
ARIIFEHEME L TOHR5 T, ZENKRRMOFHZELBRREELT
ERBREROERICAEOYIEEZZRL TS (LH 1963).

7HhOa—/)NIZEIEZ O—)\ (True clover) & U T 3/hE, SRTE. fii

WNEREDREMNHD, EXIHETITHEBNSRETIHKREASENE



RZbHD (Leffel 1963, LLH 1963). AROATAMKINIZ. MFENE T HBERH
DTEL, BEATOEARTHZ2OBHEOEHMNKE V., BEOERFRIM
X3ERELINTHD, —MRITHEH (perennial) ELTHESNDHDD,
2 ETHIET2EABLIEILERZIONDZ LS. EFEMH (short-lived
perennial) IZEIND5E5HH D, REKIIEFEEN 2 54K (2n=14) TH
BOICH LT, SRR DD IRtk 2 EMmL 7z 4 BEORE&H
BHEFRINTNVWS (1lLO5S 2000).

THIO-—NPREE L TENICHANEASN/ZDIT 1874 F (B
7H) T BB K D ILBED CEMBE TRIEV S N ( E 1967).
1914 £ (KIE 3 HF) I EB L NEIEEY & U TIigE 0% MERHREEL20
ZOH%AEORKIEAUMEE - AL EHFNTIEA o7z (A 1998). LL7aHs
5. YA O—NIMBHNIZSH 5 -OBRRUE TIIEMEEN DR, BED
F-5REHITIBETH D, BRIZBWTIERT ABRERTREREDKN 45%
EHEDTND (LBEARBGE 2005). TOEAMMEIFERATHO., 138
WEFED — L ORBRENED KR TH S,

TAIO=NEHDHETHYARMETEONEEZ R LI, R
NMEEDRAEICLLSEHEROHMAIZL > TIHEHEZHBE TSR EEMDE
ENRLICHFEG TS, £, —RICT AR A FBRMCEIZERTSY 2 XY
BEIXTNEFAENE VD, FEOREEFENT > APOEFHEOM EIZ
H3 595 (Taylor and Quesenberry 1996), X 512, 7h 7 O—/NIZAED

BRRERTHDa-V /L BROEAFIIBIZEEZED S EEERERD



REICHAT HMEDEHZINDDH S (Dewhust 5 2003).

—H. YA O—NEAGEIZHD BN SIHRL LT WD, Eil
DRBEEMETITLIENMEERoTVWS, ZHiT, LBEDOALS T
ROTH O—NBEMFIZTBITL2HEOMETHLENS, ThHIO—N
DAGHEDOHBENBETHASN TS, BE, OECD U XA MZEHINTW
57 0—N\O@mEEIL 245 AT, FEEREZDOLELERBSHTLON
AR k2 R THERNfTONTWVWS, LMHLARNS, ZNETHERS
NRBEOAGEHIIR<ST 4 FTHD, EMOXBEEREROZDIZIIDR
EDI2HEDEFFEROEENBLELINTVS (RFE 1998).

HAOBEEROEELILE<. 1966 FICHEH DT H 7 O—/)\N@fENY
viRO] BNLBERERBBICBNWT, £ NI RY) NEHEHIZBWT
BRSNZONBEDTH S, WML, WIThLb LN E2EEAEELTE
RENZRAERBETH o7z, 1970 FRN 5 80 FMRITNITTIL, RAKZMIC
K HABECPNERB I VMEEOHBRMNEREIN, ENTIX 4 ShRESL
TItiERERBRE T (Y11 Y] 2% FHESET (NI RY 4n) A% KoL
Y EBAEHRALORFET INVPF 4 BEnenFRS Nz (LD S 2000),
LOALAENRS, IN504 FBEMBIIEREENENZDICEFAEDO I A MY
<, TRBEEIZH T IHBNNEFEITENI ENS, BETIRIFEAER
gInTnian, 2o, Yydrno] BLXX INI RY ] O%#RES L T,
1989 £/ 5 1993 F TN TABMEEZR Lz 2 HERAERE R/ vF] (L
WERERBYS). (TLT -T2 GEHEELS) . *FI R (FHE



) NERINAE (LOS5 2000). BE. ERICBNT (K7tEF] LY TT
FIR] DERBESEKBEEINTNLIRETH S,

FATHRNRIZARIT, AFGEII—B L THRIREFEAFETH I, £
DO EFEBEBEIIREERROELICLVEDDDDH S, FTHREHIL. 7
A7 O—=NOERMABENS 1990 FRETEHERSINAZBEATH D, 1970 £
K05 90 ERIZBNWTIE, A EAMEZ SO TORENEEHREIINES
DEWVWBEEREERo7, LOALRNS, ZORILBETIIRBEFETH L1
IR EOEBNHALICENS T —F vy — RIS ANLME, BLAHEHITEN
LSRBEMIZEDFEL —NEEBLE, ZOKRRIENS, BETIR “BZ%
) CIEORKAMELEET D THBAEDCRSNZ] THI O— /NN K
HENTND,

THIO=NEHEEMEL . BREGOREVNETHD I NS,
EHRKED D VWEIBRBRIEL VWO EFRENAVWSNTVS, ZN50F
BERREONT O 2 LN S BNOBEIZDWTRKZIT O FEETH
%, BVBZINE. RHENITBWTHRBEICET 24 Rt 2 Hi X D DRI IC
ERBEGHERZ L DOHEKZEESIEARATNER SRV, - T, OEH
HELDDEANBEIIH T BB RVMMBENERETHLLEDEZ D, LLLR
ME, A7 —CLDRBABERENOSBBEFRETIRERELT
PR IRBBRE IS ORISR RDOSHIEN S, S HTIIHRIBEEITKRT
TEEERMENRDONTHO, HRABRBEIZIDNWTIOEMITEKRTED

BREOBRENEETNTNS,



HEDODIEL WS /) LAFOERIIHEYMOBERZIZHRINAELE K
FLl7z, PO XFXF, A% I VaATHREOETIVEY ZFOIZKEE
1557/ 2 v DNA ® cDNA OHEBEFIFZRITON, BILTEEEOHITHIE
HESIZHRLELTY /LT 1 RiZITbhTnd, 5 0ERIINROE R
FTRESADILDOHRKRIEN S TZESDHIRZ S L, FlEYERNFHE
ROBBRETEEANDIEAELTY /) LEREENLEH L WERIEOREMN
BN TS (Kang 2002), BIfE. &/ LAEREFIA L - FEEOBREICIE
REARBLGFEACLSEBETFHEBAKDOEL L DNA v—h—2H Wk
HAWA DR (MAS: Marker Assisted Selection) BERIN TV 5, NEM
PAMVANiER EEELRFTREHEDS < 1X QTL (Quantitative Trait Loci: &
MBEETE) IXEINTED, EROBEGTHNEHICES L TWS, TOk
DIZ, INSOEEDOHKRBIZIEDNA Y —H—ZH Wz MAS IZX 5B A%)
ThHBHEEZLSNTND,

DNA X —h—LIZBLEFRHORLDHRHE. HDWREERIOT ) LD
HERFDOEN (BR) 27— hH—ELTHY /ALALIZEHZDIFSHDOTHD,
ZRIDOHBEIZE D RFLP (Restriction fragment length polymorphism).,
RAPD (Random amplified polymorphic DNA). AFLP (Amplified fragment
length polymorphism)., ¥ 7 O4% 75 71 k. SNP (Single nucleotide
polymorphism) 7R EWNW DNDOEENHFET 5. HEBEINIEYETREE
125790, BFIDENWERIET S DNA Y —h—3EWRE T EITERT 500 —

MR TH S, tEZRE L2 DNA Y —H—OBFEIL 156 FIZE/N ST X,



coEOaS, 1 XREFEEYEHRLIITONTE 2, LHLARANS, DNA
R—A—OBRBIIEMAEEMELELTHIENS, FEEYENOEEY T
T ZDOBHEINEBNT NS, o, MMEEOKERIIBMEDENTLNTEER
BRANEHTHLIENS, A RRBRETHILEIN I —ORREEKEIGAHHE
WMEEEMNATAIENEL WD, I—h—0XiEz2 BRSOV ERNER
2 TWiz, Torifolium JBIZH VT H Barret 5 (2004) % Herrmann 5 (2006)
I2&Z DNAR— D —BEOBENHZHOD, REINTNE T —H— Ko
DT, BUBEOREEY - — 2K T 20123 +57 TN,
AWIFEILEK DNA X —H—ZH VT A7 O-—NEREOHEDOR
ETBHIEEANELTTHZO0—ND DNA ¥—H—DOBRREEZTOERAF
REZDWTE@TY 5. BT, ZSHEFRIEICIVDERBEEE ktZ %R L
FMBEOFREFEMEOBMMAELZAA L -EFEEMOBRRBIID VTR,
KHEBEOFRAEEMESEWHMNI Lz, BEICRFLP 3XUR A 7085
F1 MEEFIZFIA L7z DNA ¥ —h — OBF S BRI OER 21T ok, B=IC
B L7z DNA *—h—OBFBHRMIIN T 2% ORGE EBLHICET 2

QTL 217y, DNAX—H—OFEBNFIAEIIDW TRk L 7z,



B1E THEEEEICLS TN 0—-NOxEER _LD7 O EFHEK R

YA O—NEGFUMBEERYIL. RADHIBERFOVEBEDI S
TTELATOEGENFEREERLD bi#E EARRREOANT OB
ALTWS, TOLDERICBWTAHERIZANEATOL A (MERS) 2
SECETHEAZHAET 200 KR THS (HBES 1992). AT O AES)
RENCHB S ELF/EE L T REBEFREB LI VERAGRIER ENET S
NHN, INSOFEMEZHBERKEDOER, HSVWETU—-FroO—CORE
WRHETHDIENS, BRAHEGHEMBODTE, £, 70-OEHKE
BENRRJRERT 7 O—/)NTIZEH TE,

ZOXIBBEROBETHI7O-NOXHEERICBNTIE. £EFDOA
TOMZHRLRASEROBEORK 217 > EHBKE L BRBHRIENAH N
SNTE, EFEKEEITEBEAN SEKBRYMOABIZH EDNWTHEIKkZEIK
LHERZRZTOFRETHD, BREBEHREEFIEREAOF TRREREHEL.
BRBRNSISICERBEKREZEKTIFRIETH D, TH 70— NiZEHKD
BRETERRZHVET D, BREKZRKL THRE S NZEREOM
AEDORIC I > TRBERORRUNBKBREE L ARRDTr—ADBEID D5,
Z0EDIT, BBEHOBRKM TR RERB T 2BRBHIKIIIENBNRL 55
BORBMOENZEZDHSMNMUCODTFETLHIENAETH . EHEHRIKITHAN
TROEERBRREKETDILENTES, ZOZENS, BEIZBWTT A O

—N\DOEREISRHAREED S BREHRIKITEDDDDH S,



—F. ZROFRICBVWTRBRBIKEREHMN S N-EFREILE AL
ETHHDOD, MRETLIFRERMCFREARICK o TRIK - FEOFERIZ
WHEMA S, £z, BRIEOARSTEREMICHOREUANAOEREZMZ S
RERBTIECIZITERRRD ENT NS, R, A MLV AMMECHBEEICET
SHAABECTEBARNBELT 2BETRBRONLZIEDZ NI ENS, &
BEEBEOXMEZRRA LTINS OFHBEETICHAT2ERERZMOLREZ
L% Z 3B HED—DTH S,

BEDZ ENS, FETRIRMEBEIILLST I O-NERDEH
LT B 1 HTIIARBHRIEEELL LA RPE - FES—IIHNT DEE
B EABEEZRRLUZME (Y3 T) OFREFHEICIDOVWTHREL. & 2
HTInBEEREORBRBZBZRAL 2T H 7 O0-NCTB TS kEEERE

MOBEREIZOW TR T 3,

BLEi TAZO-NGE (YY) OFRETORYE
1. ¥ &

LEETIE, BIE 15 EOMICTY A O—NORBHFTH 51 FRHE
MNA—F ¥y —RITSADSHENTODENWFES —ANELBLE, TNEHEITBE
FOREGBIOBGNANNELS, BEEB LIk GHICENS Y h 7 O0—N
MBOBFRNKD SNTEZ (B 20000 . ZNETOT7 A 7O-NDERS
FREERIIAGEENEETHD., BHEN. IO EEENRCARABOF
AN ERE DR EZHIEL TWHERERIHBIZH o7z, —H., kgtEidd <



MOERBIREZEERHBETHSDOOEROECHERNES L. REICK
DEEFORBNRERRD I ENSBKAIEEICHEZETHD, —RIT. R
BROFZBBEIIDODWTEREZITOBAR. FRBMOBENERZILTS
ZENEMTH SN, TOBRIZIE, ABEDOL S BBEOBHEDOBERNS >
AD TR OSLDBE EHR D AR E .

ZI T, AHIZEANOZRORKEEZBME L TERBMOLEREILT,
BRBREZAVWTEREN DEBOER TREZITS ZLITLDERES N
RENRRONTABRMEICENDRME (YT OFREEEFEITDNT

BB,

2. HRBXUH®
(1) FREBHBIUERE

M EHE TKuhn) . [Lakeland) XY MFwyRo) & blan
SEALBBEARKREN SRS 44 F#f - MAEDG 3600 fEED 2 kB

HHZFESME L THW:, FRIRCIRRBERKIEZER L.

(2) FREICHERERBRB JORFERERRIC X 2Rtk av
1) BtaElRE & Ml

FIRHCE/R L T 9= (AT, Fvaw) »s 125 X
TD 4 R RRBEBHERERBRD L ORERERRICHE U TREEMICS
TORMEMEL 2. REMBEELTRAED IRI&F) 2, SER@ELT



BAED 175 /1 ZRWE,

2) FRFE SRR E R

R R E R BRITEA D 5 BATIZBWT 1998 FEM 5 3EMfT - 2.
RESFTIIBMKERILBERFEHRS GIMNITBIEARE - BRERBIN
REMAEBILEEREN R 4 —) | ILEEVIRGIBEARS ., JLig#E L
RKILEEEBS, LildE Lk RREERYE ., LBE L EERRS (LU tiEE
B, RIIRE, RILEHE, LREH. BiIFH) THD ([Figd .

Table 1 135R#HEIIERTE MR DXL & ARG OBMEZRL .
TRTORBMTFES —BARE [/ Yy 7] LORBABRZITN, 51
tBERALILRERITBWTETY A7 00— NEERREFED —FAELE

FULw 7 EORERBREITO .

3) FrfEBRE B

RYIBRRH B W THEERFEREER. FIREEZEEMAR AT
FRRERTD TBWTHERRERERR, LiBERFAIZB W TRERRE
BB I OMERER AR 2 R L 2.

i AR R E BRI T R O ARG BR DA 21T o - EERFEBIBR X
FRROEAYIBR EBRE 217 o 2BRERFRX. FEWRENBR THERS OERE
BBHERX D SWHK 2R ITz, BREF T DX TITBALAMMEP., BEOEIT/NER
FRICKOBREL., HERZBBVN 10cm LFITR -7, £z, EFIBHERK
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Fig. 1. Experiment fields of regional adaptability traits of ‘Natsuyu’ in Hokkaido.

HNAES :Hokkaido National Agricultural Experiment Station.

Kitami :Hokkaido Prefectural Kitami Agricultural Experiment Station.
Konsen : Hokkaido Prefectural Konsen Agricultural Experiment Station.
Tenpoku : Hokkaido Prefectural Tenpoku Agricultural Experiment Station.
HARC : Hokkaido Animal Research Center.
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Table 1. Methods for regional test.

Name of test Station” Seeding Plot size  No. of No. of harvests
o ation Date Type Rate(g/a) @2) reps 1998 1999 2000

Pure stand HNAES May 12 row RC 100 6.0 4 2 3 3

Kitami May 27 row RC 30 6.0 4 2 3 3

Mixed sown sward HNAES May 12 sward RC30 TY 150 6.0 4 2 3 3

Kitami May 27 sward RC30 TY 120 6.0 4 2 3 3

with 'Nosappu' Tenpoku May 13 sward RC30 TY 150 6.0 4 1 3 3

Konsen Jun 10 sward RC30 TY 150 6.0 4 1 2 2

HARC May 26 sward RC30 TY 150 6.0 4 2 3 3

Mixed sown sward HNAES May 12 sward RC30 TY150 6.0 4 2 3 3

with 'Kiritappu' Kitami May 27 sward RC30 TY 120 6.0 4 2 2 2

U HNAES: Hokkaido Natinal Agricultural Experiment Station
Kitam i: Hokkaido Prefectural Kitami Agricultural Experiment Station
Konsen : Hokkaido Prefectural Konsen Agricultural Experiment Station

Tenpoku : Hokkaido Prefectural Tenpoku Agricultural Experiment Station
HARC : Hokkaido Animal Research Center



TIEFF 7 72— K~ AFI)LAKHA 1000 EHRKE A 7 0L KFIHF
1000 fEFH K Z M ER/NT 10 Lal OFS THAR L 7z, BREIX 2 7] (1998 F#EFE
BLU1999 FE#HEM) T, HEX R tF]) & Td) & LT 7 BBl T
27z,

i E R E R BRI 1998 FEB LT 1999 FEORKITIRBERE = L BB =
2T, HEEBROEBHER SR 1~2 BRMBOMERREERNS [Krt
F & TH) ELTHsBETHEEITo .

FABER ST I2 DWW T 2000 EDREHZDWT CP (HLER) SHEEYS
W —)VEIZE D, ADF (BT 5 —2 x> hili#e) SHE L NDF (Fi#E57%
—Tx M) BERETY T MEZXOAN L. BB, 5D
ST TBREGFRASEGRBELMEMATNICRIEL .

FEERERRIT 1K 6m®- 3 K OFB TN, BEEEEEFE
1 X 26 ik - 2 KETERNFEMEREEE (HEABEHD) TE DV THE

L7z,

3. &% B
(1) B

(v OFkREEZ%E Fig.2 IZ/RL7z, 1980 4iZ TKuhn) .
Lakeland] L Ty RO) ERVONSHEALEBBERKEN SIS
44 FHt - WMEOF 3,600 A D 2 FALBERZER L. 1983 4T 198 ik

ZRE LTz, 1984 FIZIIUNFIZK DL ZITVY, 1985 FICHRERED

13



1980 3600 plants of 44 varieties or lines

1983 198 plants

1984 ﬂ l —— {Polycrossing>
—<Selection for high seed productivity>

1985 ‘2736 plants of 49 maternal |ir§\

ﬂ ——<Selection for later flowering time than “Sapporo”>
1987 ‘91 plants of 10 maternal Iines‘
1988 l — Isolated seed production>
1992 <Yield trial at HNAES> <Yield trial at Konsen>

10 maternal lines 10 maternal lines

ﬂ —— <Selection for low competitive ability at second crop>

ﬂ ——<Selection for Sclerotinia trifoliorum resistance by inoculation in the field >
1995  |Plants of 4 maternal lines|

1996
Breeder's seeds
1997
| |
1998 Seed productivity tests
Regional tests Cold and snow tolerance tests Individual characteristics test
2000 Chemical composition analysis

<— selection <mmmm crossing

Fig. 2. Breeding scheme of ‘Natsuyu’
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ZNAIRRERK L=, CHITHRT 2 2,736 Bk EZHWT 291 Z)VHDMHE
Rl 2170y, 1987 2 Ty R O] KOBA D 10 &% 91 ElkZ #ik L. 1987
F L 1988 FIZRBEFEEIT o 72, 1992 E SIRPIBR S EE L T 10 BROAE
EheREL. iBERHEHIBRICBNT 2 BEORANINECI 4/
FEeREL, BRLEABRIIDNT, AROREREEHD S=0I124biEE
B TEERIFNE (Sclerotinia trifoliorum Eriksson) # B L . 1995
FITHFICENIERZRKL TREXKEL, BT2ERREGL TRRZAK
LTHM 1MR&EL, 1996 & 1997 FICHERRKM T (821 ZAEL.

1998 4 K U R O S HUT IV DI E OFHlT GRVE M BRE sl BB & Ui 2
HEMENE. REEICET25ERERBR) 17>k, 2000 EICHABEELT
DRFZEITWV, 2001 FiZ@fEEE Yoy EUTMEERELE BES

2002a) .

(2) FetkavAh

1) &
BERRICBITD [Fyay) oRER. kiEEasd, tREHLD

2 IR otF) LEBET (V5 /) K0ENoK (Table2) . RIBHARICH

TOREYINEL, SRBHICBNWT Ko+ LEABET. V571 &

s EMEBEEN, BLITOPEHWEEZRL TWe (Tabled) . ZN5D

MERMNS, [Fvaiy] OREWIE TRr&F) LRBET. 75 /7) &0

RDREERTH B T EAHB L=,

15



" JUROYTUSTS J0U, 0] spue)s
SU, pUB 45933 9} UI [9A] %G 9Y} }8 SOUSISJJIP JUBOYTUSTS 3SBA] Y} SMOYS ,(%G) PS'T,
"{OSNYOH, JO SP[SIA 03 (%) SOT3BL oY} o1E S9sayjuated Ul sIequIny

su 8¥5 su su 8€1 89 ¢ 01 su (%9 PSTT
(66) (L8) (0TT) (¥8) (9L) (19) (LL) (26)
. . . . ) . . . ourINy]
I'g61 g6y 6011 808 €691 613 199 (A
O¥6T  G9S5 8001  L9¢  L'38%  L¥G 8°G8 88  TYesnjoH
#1nD  agen (o1 (98) (zon»  (6o1)  (TOT) 1(66)
: : : . : . . . nAnsjeN
g1%g €98  8%0T  91¢€  ZLZT  96S L'98 028
[e10L, 0003 6661 8661  [®10L 0008 6661 8661
JeAyn))
eIy SHIVNH

spue)s aand Jo Sp[o1k 19j3eW AIp [enuuy ‘g 9[qB],

16



LT

Table 3. Total dry matter yields of two timothy cultivars and red clover in the mixed sown swards for

three years.

Nosappu Kiritappu
Cultivar HNAES Kitami Tenpoku Konsen HARC Average HNAES Kitami Average
Natsuyu 98.4 94.8 101.6 96.4 101.2 98.4 100.3 98.2 99.2
Hokuseki (264.6)Y (276.5) (206.8) (203.0) (262.8) (237.3) (293.0) (292.6) (292.8)
Kurano 87.9 92.3 90.5 93.3 105.6 94.0 99.5 94.7 97.1
Lsd (5%)2  8.65 ns 4.83 4.69 ns ns ns

D Numbers in parentheses are dry matter yields (kga™) of timothy and red clover with 'Hokuseki' for three
years , and numbers for other cultivars are the ratios (%) to yields of timothy and red clover with 'Hokuseki'.

9 Lsd (5%) 'shows the least significant difference at the 5% level in the t-test, and 'ns' stands for 'not significant



2) EfE
BEXO7H7Oo0-/NGfEICXD, ZhEn IFyay) K, &7
td) RBELN 75 /7] REL, BRIZBIZFE—BAERE [/ YT
BEUOHERE (FU5 v T OINE% Table4 IZE D7z, 3ERD IFva
7] KZBILZFES—DORNER R+ RET /8y~ A 108%,
[FV&y T T12%THOD, FE—HEMBETEN >, ERJITHAD L 3
FHIZZOHEMAROEETHD, (Fyay) RO 3FHO /¥y T @
NEX TR+ K 120%TH o7z (Table4) . £z, RBHFIZHSB &,
DEMFIMET SILREE. RIBRKAT (YT ROFES—NEA [
Jtd] REOBEFIZEMN -2, 2B, RILBHKTIT 1999 FiC THvay) K
CBNWTFES—DNENBDL TNER, ZOFRKRITFEDOEETHD D
DEHWENTHBY, 2000 FOFEL—DAFIIREIEL TS,
TAZOA=NRNFES —DAEFZMET 2EHAARDRKEWN 2 £H 2
BEIIBILST A7 0-—NOEMEES (RARE) 1T K7€+ B 63%
EEBEL. RWT IHvay) RO b54%THo7= (Table5) . ¥ AFRRD G
ERERIEARBABLVELSZIRIIBNWTHETH - . EERICBIISFE
DNBETAREORERNSFES—IIHT S [FYT] OBESNE TR
7EF] X0E. V5 /] Fo@hwEEZSN, FE—EROERZT

SEMIZENT IFvar] X IRrted) KORBEHICENDS SHWL .
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Table 4. Annual dry matter yields of timothy in the mixed sown swards.

Nosappu
Cultivar HNAES Kitami Tenpoku
1998 1999 2000 Total 1998 1999 2000 Total 1998 1999 2000 Total
Natsuyu 85 98 111 100 87 107 172 124 91 74 100 91
Hokuseki (25.2)" (44.7) (47.1) 91.8) (33.3) (379 (38.8) (110.0) (9.5 (274) (63.7)  (90.6)
Kurano 76 114 107 103 91 121 90 101 101 109 96 100
Lsd (5%)? ns ns ns ns ns ns ns ns ns 22.2 ns ns
Nosappu
Cultivar Konsen HARC Average of the five locations
1998 1999 2000 Total 1998 1999 2000 Total 1998 1999 2000 Total
Natsuyu 94 105 126 114 108 110 106 108 95 101 121 108
Hokuseki (18.5) (29.5) (50.9) (98.9) (47.8) (63.9) (50.1) (161.8) (26.8) (40.7) (48.1) (115.7)
Kurano 92 119 130 120 111 121 151 127 96 118 116 112
Lsd (5%)” __ ns ns ns ns 8.7 19.7 412  19.0
Kiritappu
Cultivar HNAES Kitami Average of the two locations
1998 1999 2000 Total 1998 1999 2000 Total 1998 1999 2000 Total
Natsuyu 108 107 101 104 96 134 130 121.0 100 119 114 112
Hokuseki (20.4) (47.1) (66.7) (134.2) (36.5) (35.9) (51.5) (123.9) (28.5) (41.5) (59.1) (129.1)
Kurano 95 149 105 100 102 139 125 122 99 145 114 121
Lsd (5%) ns 43.3 ns ns ns ns ns ns

Y Numbers in parentheses are the annual dry matter yields (kg/a) of timothy in the mixed sown swards with 'Hokuseki' and
numbers for other cultivars are the ratios (%) to yields of timothy with 'Hokuseki'.

2Lsd (5%)' shows the least significant difference at the 5% level in the t-test, and 'ns' stands for 'not significant'.
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Table 5. Red clover ratio (%) on the dry matter basis of 2nd crop in 1999.

HNAES Kitami

Cultivar : Tenpoku Konsen HARC Average
Nosappu Kiritappu Nosappu Kiritappu

Natsuyu 60 54 65 64 88 84 32 54

Hokuseki 67 66 77 73 83 85 45 63

Kurano 47 44 55 52 74 74 13 40

Lsd (5%)”  14.9 14.5 12.1 7.8 7.3 ns 12.4

D 1.sd (5%) shows the least significant difference at the 5% level in the t-test, and ns'
stands for 'not significant'.
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T A7 O—NE—RICEMNENFERE 2 £H) TRLERD,
ZOROWEDEK TRENABEDIREL/RS. BBHBRICIBITS 2 FHICH
T2 3FHONERIZILBERK EILRBRADOFEEYT 1Yy R76%TH
D, [R7EF, D60%E V7T /) D4a44% X0 ENWEMZRL /= (Table 6) .
iz, BERRICBID SEHD TFyay) o#E hBERR) 118 Ab
LV10ALEHIZ THRI7F) LFAEET. 75/ KOVBWMETH- /. —
. [Fvay) oxREFE (EREH) BE2TOREHIIBWT KT+
BEO 175/ KOEFENETH 7% (Table 7) .

PEDZ Ens TFvag) oxktid IR7tF) BEIK 175 /)

KVENTVLHOEHMTL /2.

4) BATEREME

Table 8 IZHFEHBRICHBIT S 1 BEORIEKBE CAEFHE R L, [T
VAT O 1FEOBESBISRBREHICED (K7 2F) EOBERPERD,
IkBERHATIE IR L0 04 HESIAREHATIZ 0.6 HEMN 24, E
5L KR+ £D01HEL, BIERHTHSHDEHE L7 (Table
8) . 1 EFAMDAEFTMTHEVPRbEN 22D TRIEF] 55T, RNWT
(Y37 ©43THO., 7571 314 THoIEMNS, TFYLT]

TR KOFRRERT (V5 /] KORERTHLZ2DOEHBIL .
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Table 6. Ratio (%) of red clover dry matter
yield of the third year to that of the second
year in the pure stand.

Cultivar HNAES  Kitami  Average

Natsuyu 69 83 76
Hokuseki 64 56 60
Kurano 42 45 44
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Table 7. Coverage degree (%) and mortality rate (%) of red
clover in the pure stand in the third year.

Cultivar Coverage degree(%)l) Mortality(%)z)
8-Aug 18-Oct 12-May 5-Jun 1-Nov
Natsuyu 94.5 96.3 34.5 11.0 20.5
Hokuseki 94.5 95.5 49.3 13.5 26.0
Kurano 87.5 89.3 53.3 14.8 18.3
Lsd (5%)° 2.51 4.00 18.80 ns ns

Y Results for HNAES.

? Results for Hokkaido Prefectural Kitami Agricultural
Experiment Station.

¥ 'Lsd (5%)' shows the least significant difference at the 5%
level in the t-test, and 'ns' stands for 'not significant'.
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Table 8. Flowering date of the first crop” and growth
type in the pure stand.

Cultivar HNAES Kitami Average Growth type®

Natsuyu +0.4 -0.6 +0.1 4.3
Hokuseki 17-Jun 23-Jun 0 5.5
Kurano? - - - 1.4

Y Average of 2nd and 3rd year. Numbers for Hokuseki
are flowering dates and numbers for other cultivars are
comparative dates to those of 'Hokuseki'. '+' and '-' mean
earlier and later flowering dates than those of
'Hokuseki', respectively.

? Kurano had not reached blooming stage during
growing period of the first crop.

® Rated on a scale of 1 (rosette type) to 9 (full flowering
type) and evaluated on Sep. 11, 1998 at HNAES.
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REBLIVEFEOEST K7 tF) IR U5 /] LERBETH LN, B
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Table 9. Flowering degree of the three cultivars in the pure stand and the mixed sown sward.”

Pure stand Mixed sown sward
Cultivar Average of HNAES and Kitami Average of five stations HNAES® Kitami® Tenpoku Konsen HARC
1st? 2nd 3rd 1st 2nd 3rd 2nd 2nd 2nd 2nd 2nd
Natsuyu 3.7 6.3 2.4 4.1 4.7 1.3 5.5 5.5 5.8 4.8 2.9
Hokuseki 3.7 6.9 3.1 4.4 5.8 2.0 6.5 6.8 6.1 6.5 4.1
Kurano 1.2 2.1 1.3 1.0 1.7 1.0 2.2 1.8 2.1 1 1.0
Lsd(6%)" 0.48  0.38 0.38 0.76___ 0.94

Y Rated on a scale of 1 (no stem with flowers) to 9 (many stems with flowers). Average of 1999 and 2000.
2)1st, 2nd and 3rd mean the first, second and third crop, respectively.

9 Average of 'Nosappu' and 'Kiritappu'

Y "Lsd (5%)' shows the least significant difference at the 5% level in the t-test'.
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Table 10. Characteristics related to overwintering of the three cultivars.?

Cultivar Winter hardiness? Sprout2) Regrowth in springz) inC;)Z:fy ags;iisgr(i/i)
Pure” Mixed” Pure Mixed Pure Mixed Pure Mixed
Natsuyu 8.5 5.5 5.1 5.5 4.6 5.8 93.8 55.4
Hokuseki 7.3 5.5 4.0 5.4 3.8 5.6 83.8 45.6
Kurano 6.5 5.6 3.5 4.3 3.3 5.0 85.0 48.4
Locations HNAES Konsen, Tenpoku HNAES HNAES, Kitami, Konsen Kitami Konsen, Tenpoku HNAES HNAES

HARC Kitami Tenpoku, HARC HARC

Tenpoku

D Average of each locations.

? Rated on a scale of 1 (poor) to 9 (good).
9 Pure stand.

Y Mixed sown sward.
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Table 11. Susceptibility to disease of the three cultivars.”

) Powdery crown Virus Black leaf Stemphylium
Cultivar mildew and stem rot disease  bright Rust leaf spot
Natsuyu 1.87 2.6 1.0 1.9 2.6 3.4
Hokuseki 2.3 3.3 1.0 1.0 2.4 3.5
Kurano 3.0 4.0 3.0 1.3 2.7 3.5
No. of investigations 20 2 1 2 3 21
No. of locations 3 1 1 1 7 2

D Rated on a scale of 1 (slight ) to 9 (severe).
2 Average of each investigation.
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1998 FOREHE. BABEZHRIIEHICEELTH > 20, 1999 FIIRER
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Table 12. Cold hardiness of the three cultivars in the  pure stand.”

Plant cover (%)

Cultivar in early spring prout Vieor in carly Springm Ra;e}:idslr‘icvi:&(%) harg;)i:ssd‘)
Snow? Rem?  Snow Rem Snow Rem

Natsuyu 89 68 5.5 2.9 6.4 6.0 63 LH

Hokuseki 83 53 5.6 2.0 6.4 5.8 62 M

Kurano 86 52 6.3 2.4 6.4 5.9 66 LH~M

D Average of 1999 and 2000 at Konsen Station.

2'Snow' means snow-covered plots. Rem' means snow-removed plots. Both plots were Sclerotinia trifoliorum
controlled by pesticide.

 The ratios (%) of raw yields of Rem' to those of 'Snow'".

9 Seven levels : VH, H, LH, M, LS, S, VS (H : hardy, M : intermediate, S : susceptible, V : very, L : a little.).



Table 13. Snow endurance and lodging of the three cultivars in the pure
stand.

Snow endurance at Niigata Inst.

Cultivar Leafrot area (%) Mortality (%) in Snow

: : . Lodging®
in early sprmgl) early sprmgl) endurance? caging
1999 2000 1999 2000 1999 2000
Natsuyu 85 63 45 63 M M 4.0
Hokuseki 82 73 58 77 M M 3.9
Kurano 87 43 53 53 M M 2.7

Y Result of standard sowing.

DFive levels : VH, H, M, S, VS (H : hardy, M : intermiediate, S :
susceptible, V : very.).

Y Rated on a scale of 1 (slight) to 9 (severe). Average of Kitami, Tenpoku,
Konsen and HARC.
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Table 14 IZBEREHICOWTEEDZHOTH D, BEEABRBIN

BEARICBITD TFvay) oL (F7t8F) K0EFELS, 75 /)
KO@WEIZERL, TDIEF 2 BEIIBWTHEF RO SNz, NEDK
EIREE. BEBIT TRy EF] LVEFRELS, U5 /) &I DL
EIIFREETENE FEN >, ORI K7 2F] LEXTHREET.

(2571 KOsz,

7) Rt

FEEBIX YT, IR7EF]), YyRoOolNENEN 24.6 kg/a,
26.2kgla. 17.9kgla THV Fvaw) & IwrtF) LRBET, AIUE
ARETHS YydRnol K0&EMNMo& (Table 15) . (Y] OHFMEME
WHETONERRERIIDOVTS IKrtF] SFRBET Yydhol KDE
NTWwiz, ko2 &ns IHyay) oL K7t LEEBET Y

vihno] K0ENDS AL,

8) gk

Table 16 IZ&MBOFEEIKRTZR Lz, Y37 © CP EHEIX
(FrtF) LRBETHOABRENRD NN, £/, ADF SHES
KUNDF EHRIAHR I F ] LOMTHERENRD SNRh o7 EMG TS

VAT OERRMNE TR ¥ LRBETHL2HD LMLz,
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Table 14. Morphological traits of the three cultivars.

Plant length? (cm) Leaf Leaf Stem

Cultivar Pure stand Mixed sown sward _ length?  width? diameter?

1st 2nd 3rd 1st 2nd 3rd (mm) (mm) (mm)
Natsuyu 76.5 620 30.5 79.1 674 34.3 60.0 31.0 4.8
Hokuseki 75.3 705 325 1784 70.3 35.1 56.9 30.7 5.0
Kurano 62.0 50.0 26.3 75.1 59.1 31.4 60.9 36.0 5.5
No. of investigations 4 4 4 14 14 10 3 3 1
No. of locations 2 2 2 5 5 4 2 2 1

D Average of 2nd and 3rd years.
2 Average of each investigation.



Table 15. Seed productivity of the three cultivars in the pure stand”.

No. of No. of No.of No. of Pure seed
Cultivar stems flower heads florets seeds Fertility yield
/m? / stem /head /head (%) kg/a
Natsuyu 90.1 4.8 110.3 64.6 58.5 24.6
Hokuseki 95.8 5.3 105.5 64.4 61.8 26.2
Sapporo 87.4 4.5 105.2 66.9 63.5 17.9
Lsd (5%)” ns ns 8.87 ns 6.64 3.75

D Average of 1999 and 2000 data.

2 'Lsd (5%)' shows the least significant difference at the 5% level in the t-
test, and 'ns' stands for 'not significant'.
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Table 16. Chemical composition of the three cultivars.”

Crude protein ADF? NDF®

Cultivar
1st 2nd 3rd 1st 2nd 3rd 1st 2nd 3rd

Natsuyu 16.0 22.5 20.7 26.0 249 31.6 38.2 37.0 44.2
Hokuseki 15.7 19.7 19.8 28.4 27.5 34.8 40.8 39.8 47.8
Kurano  18.8 22.4 22.5 26.3 23.8 33.1 38.5 35.8 45.8

Lsd (6%)* ns ns 1.80 ns ns ns ns ns ns

Y Dry mater basis (%). Sampled at HNAES in 2000.
2 Acid detergent fiber.

% Neutral detergent fiber.
Y 'Lsd (5%)' shows the least significant difference at the 5% level in the t-test, and 'ns' stands for
'not significant'.
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T. medium x T pratense
(2n=10X=80) (2n=4X=28)

One chromosome-doubled
hybrid by colchicine X

T. pratense
treatment (2n=98) P

First backcross progeny (BC,) * T. pratense

Second backcross progeny (BC,) * T. pratense

S—

Third backcross progeny (BC,) x |- Pratense

Fourth backcross progeny (BC,)

Fig.3. A scheme of backcrossing of the hybrid and the backcross progenies.
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KTRIZEBICEFL TN BC3?D 6 filfk& BCa D 29 ElfkEF 1O Ry b
TRELZBA T —IABHEL 2, BHEERT. BEMIZ —HNTIINT
BHEeRBEL THREMICE2ZREZTVL.,. RABIVEREFREZBEAZEIC

FEL =,

(4) REEK

HEBLOR L ZEBEROSFEGORE 2> 7Y > 7 L. KKk (0°C)
Rﬂ4ﬁ@§ﬁbt®5f&/<mﬁﬁ3#@%%&E~%§EbT@ﬁbto
Z Ok, iz 5N HERIZ 12 43 60°C OLRHTREL TMASZMEL . REKT
FTHRTAMINT O REBETOT 45%HEBHP THL DALz, ML BC .
BC: 3L BCs DRAKEITIREN THRIAL ZHEMEZERWTEL, BCsD
PEEKIESE T 2 EFREF L BEZAWTERIL 2, #AEZTT > ZEGRK
X BC1 A 7 Bk, BC2/¥ 7 flli4k BCs 7% 21 EAB LT BCat 49 Ik TH %,

BB, HEEORAHEBIIRIZ MBS 6 FEHRAIL-EZEELE LU,

(5) RUEBIVHLOTEHE
PR AEEICDOESHAEZAB/HROT A/ O-—NEZE S E,
BEHEOH LB EFRAIL KD,
e EH LOTEMREIZSTENS 25 /NEEY > T U LU TEH
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Lize INEDY > T U 2 TIEE/NEDHRIERHEL, A5 RTSAETHZ 2%
TEMA-IDBERICEOREL, T CREINIZRBL IR OBRIENS
fEHREEZHEL . T2, H LOTERMOBRITFHERITED 3ERETHEL /2 (1:
B2, 2:FEHBE/N, 3: 7AZO-NEFABEOTHRE) . ML &HE

SNTHEIRATH D EHARLT

(6) /N

NER, PU¥Tro—)N, 7HZo—/N, BCi.. BCsBLU BCy I
DNWTEFDOREEZHFAEL 2. BCLITRERIZEBEENMIEL T zoFEZ
froizholz, RIEMERICEDRBMNTE T LAEWEE 5 KIZDWTHRO
INEDBRREERKBEZREL /2. /NEOKRZZDHEELE L TUMNERX/NERD
T, BOWERELTNER//NERORTEIE L 72,

3. ®E

Table 17 iIZR L RHERICBIT B TFBIOERREICDOVWTRLE
HDTH 5, wTRMEITBC, T 1.4%. BC,T92%. BC,T 20.1%. BC, T
21.3%TH0D. 1E¥EaEIX BC1 T 2.0%. BC, T 9.8%. BC, T 21.1%. BC, T
65.4% TH o Tz, FEMFRMEIX BC1 A S BC, ETHANEDIZIONTELS &> 7z,
FETFRMEE BCi» S BC, X TIIHARAETIZONTE 22724 BC; & BC,
OEIZIZZERN 2N o7z, RUKHE 1 0568 3 RIZBWTIHIFEETOM

R DFDBIERH N 2A o 72, BC, TIE 31% DFABMN T & _LITTEMAERD
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Table 17. Seed and pollen fertility of the backcross progenies.

Female fertility

BC, BC, BC, BC,
Number of plants 7 7 58 50
Mean value (%) 1.4 9.2 20.1 21.3
Range (%) 0-3.6 1.6-28.6  4.9-34.5 7.2-39.1
SD 1.5 9.1 10.5 9.8

Pollen fertility

BC; BC, BC, BC,
Number of plants 7 7 58 50
Mean value (%) 2.0 9.8 21.1 65.4
Range (%) 0-4.6 2.3-36.8 0-89.7 5.4-96.1
SD 1.9 12.2 20.1 19.6
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SNRM TR, O D 69%DEHKIIFHNRE, £D 55 39% DEEKIIFH ET
7 H o a—/NIZRET S ENRD 517z (Table 18),

BSEEG B T2 mEHRICBWT BC I3 Lz 6 kDS B
SERET B2 1EET. 1ERIRBETOATHO., ED O 4 EEKITL
SHETE/RDIENTERD o, BC,IT. #EAL 7= 25 BHEORTTERET
21552 EMNTE/ (Table 19)., BC, DEIkH 720 O DOEREEIL 124.6 ki
T, TOI LB TEROEIEIT 44.3% ThH o7z, BC,OHIZBIT 5Kk BD -
DORBEROERIBIIKREL, 4~634 K OHPHTH > 7=,

BC, iZESHBHE 3 F£LINIZ, BC, 1T 2 FLUANIZENETNE T OEHE
DHEFEL 72, BCy OEBIC BT 2 A FERIIBME 1~3 FEHITMNT TREITHD
L. 4 EEMEFLUBEIEEDT7 % ThHo7 (Fig. 4). BC,OAEFRILBC,
L0bE<, 4 FMEZBELCT 4 BETHAIO-NERFTHD. TOEERI
61 %THo7,

Table 20 [ZHRMRE &R L SMERRORAEREKER Lz, REAKEKD
SEEIE BC, 2 64.6 A THADIZH L BC,AY 833.56 ATHD. BC, 5 BC,
DHARNEDIT ONTRAKENREIZE DLz, —H. BC, ORAKK DT
HEILX30.9 AT BC, LDERIFLAERD SN o Tz, HMARITBIT LI RRE
EEOFEEIIRFEL D DR, BC;, TEDEMN 4.5 ERDV®RATH o7z,
BC, & BC, TiH 4 &7 h 7 o—NEFEEOREKE (28 FK) 267 HEKIE
RDsNEM oM, BC; T 20% (20 ik 4 fEk) OfEEAY, BC, T

21 % (49 A 10 FEE) ORER T 7 n—NEFRBROREHKEA L Tz,
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Table 18. Amount of pollen on the anthers of BC, plants®.

Amount of pollen 1 2 3
Number of plants? 15 15 19
(%) 30.6 30.6 38.8

1)Twenty-five florets (5 florets x 5 flower heads) were
examined from each plant.

?1: no pollen, 2: a small amount of pollen, 3: as much
pollen as on 7. pratense
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Table 19. Seed number of each BC, plant pollinated by honey bees under
field conditions.

Number of Number of Ratio of matured
Total number

of seeds/plant mature undeveloped seeds to total
p seeds/plant  seeds/plant seeds (%)
Mean value 124.6 46.8 77.8 44.3
Range 4-634 1-215 0-526 12.9-100
SD 166.8 55.9 123.1 21.6

Twenty- five BC, plants were polycrossed in a nylon cage.
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Fig. 4. Survival rate of field-grown backcross progenies. The plants were

transferred to the field after grown in the greenhouse for one year.
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Table 20. Chromosome number of the hybrid between 7. medium X T. pratense
and backcross progenies.

Hybrid BC, BC, BC, BC,
Number of plants 1 7 7 21 49
Mean value =98 64.6 44.9 33.5 30.9
Range 60-68 42-46 28-40 28-36
SD 2.93 1.57 4.19 2.20
Expected value” 108 68 48 38 33

Difference between mean
and expected values -3.4 -3.1 -4.5 -2.1

YExpected value were calculated by (P1+P2)/2.
P1: The chromosome number of female parents.
P2: The chromosome number of male parents.
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Table 21137 A7 O—/)N, PT7H T 0-—NBIVRLZHERD/N
EDOHBEBIZDVWTRLEDBDTH 2. 4 BT 7 0—NIZBTF2H/NEZD Y
T 0—=NDONE SN EREZRDRESHEVWEBIRTH D, NERX/NER
TR7 A7 0—)NT 221, PU7HFF/0—-NT 62 Tholz,. —H. RURKH
BARTEIHAREDITONTINERNERIIKREL/RD, BC,TiX 151 TH
ol NER/NEIRIIT A O0—-NT 14, 27T u—/INT24 Tho k.
INE R/ NERITR LSRR O IANETIC DN T/NE <D, BC, TiX 1.5
THholz, PTYT7O0—NIZBWTHET ST XL 7 EE+ 3 E#ED BC,

TRD 5N BC,UR DA TIIED s 17ah o7z,

4. BE

Taylor & Quesenberry (1996) (X, 77 O—/NDOEAEFEAKEN 7
THO, DT To0—)NI8 8 THAHI ENG, MEDY / LHEEIXRZRD,
RMET O TOMEORAKOM S INETH D, BREEOREIEL <K
T2 ELEREL TS, FHFRICBNTHEREBORMEIIE F LA,
THIO—NZRLZHLZEZ A, BARZRDITONTRENHEL., R
ETRMENE BC, T 65.4% Th oz, —K4. FTREIT BC:»5 BC,OMTIE
BENZBDSNZHDD, BC, & BC, ORI TOFEETIREZRNMBD SNaho
oo ZOKRRELT, RURHICTHWZ 4 FKTH 7 o—NEBEOBEFRAEN
KW=, BRERENEITBIZR > TNAZENBEASNS, HOS (2000)

i 112y ORTFRMEN 333X THLILEREL TS, AHFICH
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Table 21. Leaflet length and width of backcross progenies.

T. medium BC, BC, BC, T pratense

Number of plants 1 2 63 50 20
Length (cm) 3.9 3.2 3.7 4.8 5.6
Width (cm) 1.6 2.0 2.4 3.2 4.0
Length X widtk Mean value 6.2 6.3 9.3 15.1 22.1

Range Range 5.4-7.1 3.4-28.8 6.4-27.5 16.3-28.5
SD SD 1.23 4.72 5.34 3.67
Length / width Mean value 2.4 1.6 1.6 1.5 1.4

Range 1.3-1.7 1.4-2.2 1.3-1.9 1.3-1.5

SD 0.03 0.27 0.21 0.04

No data was available for BC,, because all of the plants died prior to the time of
measurement.



3% BC,oFITiX 171tV LRIBEOCREZRIEKOED SN &M
5. BC, IR TOREKIZED 4 T HIO—NEFAEOBTRIEEZET 24
MEBERT S ENFETHEHDESZX 5N (Isobe et al 2001a),

JO0—NBIE—RICBRELTHO, YhH 70— NOREB-ETOEEIZ
EELZIUNFZHANDS, LN > THIEROBHEE LS LOEH BT
OHFBEICEERERTH S, BC, 5 BC, X TIIBAERIZIZE A EDFHMH
MY, REICEHOYHENBETH >z, THITH L T BC, Tid 69% DEHKRT
FTERF ICEABINTH Y, 39%IEH LI+ EOTEEMRH /I ENSI YN
FRREXDIRENARETH D EEZA SNz, AR TIIEROBFITHB TSI
NFIZEBEREIZBNT BC,EEKIZIZEAEBTFRESNRN S ZDITHL
T BC,EG®RTIIZL DEFEEDLIZILENTEL, ZOZEMNS, BC,OfRME
BHBRENARRETICBI2RENRRTHLOBEEZTREL - S L.
LALLM S,. BC, DMK TIIHFRBEITN R D DERNH -T2l & s,
BPBOTRIIERICIOVRIRZZ L, £/, BC,OBEERMILIZHZ > Tid
HARNTREEEHEEICODVWTI SIIRRETOLEND DI ENEZI SN
2o

BRI L2 MERBIIESEBLIVAREORK T HEIERE I L,
£7TO BC:1 3L BC,HHk & 93% D BC, KBS BMESE 4 ELARNITHIEL
7zo —J%. BC,EKDOEBHBIER 4 FHOEFRITI61%THD . EFLOHE
X4 BT A O-NERBETH 2. ZOTENS, HERRITLDEHE

DETIE BCLIZBWTHHE N, BC,OEENEHEOEREY 1 7 ILITHAAN
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SNLFETEEL TS EHML 7=,

YA OA—=NDT ) LI TF T 70— N0 ) LEBAT SIZIEMHE
BOREENHEL, A BHECDIBNENDH S ENBEEIN TS (Taylor
& Quesenberry 1996). LM L7ENS, AHRIZEWTIIMEZ )L EF I
KORMAEL, £LRULAHMIC 4 BT AI7O0—NEHWZZIENS, BRL
KR OREAN S IIRAERRFELORGAETEL, RAKKTHAB I
HELB—ARB/BTHoREHRIND., —H. 79%D BC fEHA 4 15467 51
JO0—NDOREEETHS 28K LD L DOREHERF>TW I ENS, &
NEOEEICRD T 70— NHKORBREBEEL TVWEHDEEZ SN
5, £z, BCL,ET A O—NOBT/RINEYA ZEENRZ>TWZ ENS
CUF T O0-/NHROBLETH BCEAKETREEL TWrEENEZ 515,
IDZEMNS, RULMICEO D TY T 70— NEROT /) LMIFLIZRDRI
TWHDD, BC,HRIZBNWTHIFH T 0—/NHkDT J LMIFEFEL T
WHZEAURBEIN (B S 1997b).

WREEES /T 0-NOkGHE OIS TEHEREDOVEDT
b5, ERFETHONIZREL RN BC,LBEOMATIIM TENRAEL 2
Molz, Marker 5 (1985) R /Y7 0—/NETY I O—/NORERHEREIC
BWT, WO DOHFBNMTEEZALTBY, ZORENDFHF T 70—
ERIZOTNWEZEZHEL TS, KIIKDOKEEL Marker 5 O#EIL. M
BRI L 0T h o=\ 77 0—NOMTEELZEAT S Z L3R

THHIEEZRBLTWS,
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R URHERREMARETED D20 E NS BEITHETSSED S5 OE
BEAMBEFREOWNEEDNS > 22 BEBD TRE I NRIFTNIER S 20N,
ARFEORERNS . BCLIZ4 KT H 7 n—NERBEORME EAEEEEL.
MO T T O—NHRDYT ) LANEEL TV HDEEZILEND, 2D
EMS, BC, A HRMRZHALZEFREMEL TRONT S ADEN ]
THDIEMHHAL =, FAETE SN BC KL, 5% BC,BEAEITER
FEZfTuy, RMEEAGHEICENBEARDRBREZITD ZETRKOTHZ7O—N
DHIFZBA k2 HT 2 - RRNAESNLSARENHD. THhHI O

“NEEWABEZNGTL2EERIMELTHEHTHIDDEEA SN S,

5. WE

415k 7 71 7 0—)N(2n=28) LiEEB AR VY 7 7 0— )N\ (Trifolium.
medium, 2n=80) DFEFIMEREIZ 4 fFET H 7 O —NIZK DR LM ZE 4 1BIFT 1,
BBIZ BT DR LB NRORME & AR ZHE L 7=, BFREEEHRED
EBIZRUHMMRAEDIZONTEEL. BELURHESE 4K (BC) OETFRIE
LIEmREIITNTN 21.3% & 65.3% TH o7z, BCLIZEFICBITSIIYNF
REORERRTEIETEEDIENTE . RURHEE 1100 55 3RI3.
EEAEOREENBEGBHE 4 FELNICHIEL 201z L. BCsD 61%7 4
ERBEFL T,

BCs @ T9%I% 4 {57 H 7 O—NOREEETH S 28 AL D LR

A EE L Twk, £, BCs D/NERETH 7 0-NKD/NE<pDHIEN
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BIZH0. BCIZBWTI VY7 o—-NNHRKOBENREAZINEZDDEE
A6Nbd,
EDZ EMmS, AFETE SN BCy T 7 0—N\NDOkEitkz &

DOEWEHDEREMEL THATHLIBDEEZ SN D,
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E28& 7hro—NiZHT3 DNA—H—OF & BRI DIER

DNA R®—Hh—&RBT / L LOREDHRERTIOENEXRTHAITH
D, TNHEEIREEOMNERHREL TOREIZ DD, —4. QTL AT HMHFE
HRNTIZEL > THEDHECELZTFEZ DNA Y—h—ICEE#EDIT A Z L TRE
DBGHRAOHEH, EKR—H—ELTORA. /Rl - BEEOFZNREN
AIREIZRZ 2 &N, DNAXR—H—3H L WERBEN & L TOEENHfR S 1
TWw3 (Kang2002), XM, 7/ A LOBEFEEFIOEN EREESEDEICE
DEIZD72%, DNAR—H— 3B LICRHT 20NREEATH S, LN
2T, DNAR—H—BEDORAD AT v TIIMRIEMBNTEE (EEEFIO
BV BRI —A—ORREELET—A—DF /) LA LONBHREREEET D7
OOEFEMHEIERT D ETH 5,

DNA X — 71— DL RIBRHIEITIIBFEEN H 2708, IR I NZD
I3EEL LU TRFLP (Restriction Fragment Length Polymorphisms) ZF|f L
TeHbDTHD, RFLP x—H—@INTORZRINTEZ 2 LENE T — T
FREED S HEMEI X MIERT 22 ENTE, A—BORR2MTEMRIC
BOWTLAKEDOEWDNAY—H—TH 5, LA L72A 5, RFLP 13 DNA # A
TV VIZERE L, ENICHHWO DNAWF ENS T UM E—2 a3 > 38518
BEVLELTHOREDHNEETLHIREANDH S, TO®K, HBRHWENWE
BSNS54 TR L FAF RET T4 <—EL PCR (Polymerase Chain

Reaction) Z#|f L T8 ZkH 9% RAPD (Random Amplified Polymorphic
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DNA) ®—Hh—*%, 7. PCRIZX > THlE L /= DNA Wk % il R B¥ & T Y)ir
LT%M%EKRIHT 5 AFLP (Amplified Fragment Length Polymorphisms) <
—H—MREINDELDITR 27z, ZNEDOY—H—idfthd DNA v —H—IiZk
NTEBRHENEG <, AFEIX FMELS, " OBEIIEFZITAS LD K
FiMdp0, Rl TEATORZRITERVWEESY—I—THB5Z &, £
EEMICRG, B 5MAEANDOISAEMENZENE TSNS,

—H. A0 751 h—A—id 2~4 HEDEVWEF— T DD
BRUBAIZEDERZRAL Y —HA—THO, RAIEYETHEEZNTY
5, AX—H—BEEHET—H—ELTATOEORIENAIETH D, BN
HETHDIENSHENHLHDOD, BHEICIBRES 1 T7 ) —DIERCLE
DI—fr DA ERERBMEET S, 51708751 v —h
—THRPREESNITS WHEYHEE, /2135 / LEBIZBNWT SNP  (Single
Nucleotide Polymorphism) #FIf L/zv—h—bRAFBINTNS, SNP7v—
H—REBETEHRNENE S, RENLEL TNWDIL, MITRAHI MO~
—H—EERTHBRODENENDIREND D,

DNA X —h—HR I N’ REAEK EOY—F — DL E Z M X A
WCEROHEEMRTETD L THBEMNEER TSI ENTES, TOAHESEL
T, BTEAOEBBTEMZRII—I—Z2 A Y—Z2FL. 25D
R=—H—DBEFHEBRFEHAOEBEEIIDOVWTHANSGZ LT, X—H—HOD
MBAMEREHL, INEHEIIT—h— OB ERE USSR 2ERT 5

ZENTESD (Fig. 5)e —AT. ¥X—H—OEMITH ETHHIUEHITL D
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HEBETHDZENE, WALREZT—H—DOHBET— 5 OBRFIITESZE T
HEZES THDICHMTHBRAEZRANS I ENENTH 5.

R—A—OHBELT —FNE D BN DHMICIRE TE 50ITHMYE
T2RAEOHEMBETH 5. BIZIX. 2007/ LNFETHLHEEA LA LT
Ri227 ) LEREIIHDEK B 28BS B2 F1 O BFERN Fid. A >
FINOFEANZ LN o T ARMKE : ABREATO :BRFEN1:2:10HE
THEET D, —H. BREREOEMECEENDT ) LBANT T T H 3 i
HOWYMEIIRITEHNTE DT /) LOBLRHNEL 25D, BROELE
DIBELIIZRICIRD, BRBTNEMERD, ZOZENS. HEHKDOIE
RIZEFAME T 2 fBAO BB L T WEMEZ P.LITERINTEL,

T ARHEMIC BT DB N I Y 3 7Y (Lotus japonicus) . % )V
< dY Y (Medicago truncatula). ¥ {1 ABLURIL Y RUREBBEOEYNTE
EO@WEEMN OERNHE SN T3 (Sandal 5 2002, Hayashi 5 2001,
Choi 5 2004. Song % 2004, Yamanaka % 2005. Loridon % 2005), —4.
il FE M OB TITE B OERNENTH O, I ARBEETILEF 4 514k
DTIIWVT 7))V T 7 (Medicago sativa) % 2 fEHLL=ERZHWT, Kiss 5
(1993) EMOHEHF I ZIER L7720, 4 BHROERAZANWTRAKKER
BUTHESHE Z DR S B2 I OIERRIIRIZ DR S TR,

AETIEHFLNWEEENOERZENE L TY H/ O0—ND DNA ¥—
J1— DB & EEMBIDIER 21T 5, 5 1 Hi TWd RFLP ¥ — /1 —IT K 5 #ii

RDERICDNWTIRS, £/, B2/HIcBRWTRET7AZ7O—NIIBITF5TA1
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a: Selfpollinated species

b: Outcrossing species (Pseudo test cross)
(F, population)

P1 P2 P1 P2
P1 P2
M <l s
)El Recombmatlon Recombination

Fi # P1 specific lmkagc group P2 specific linkage group

Recombination Pl P2

F
I " Jil " 4:') S g'"i:'&hx"t'ﬁiié'i'&l;'l'.'ﬁicaéé""i
4

groups by bi-parental i

i locus
A Linkage map Bl-paremal locus :ni:".;:’:;‘;

¢: Outcrossing species (Backeross)

DPO RP
DP1 RP DP1 RP
gl [Idbs
Rcrumbmnlmn Recombination
4

DP1 specific |In|\4L(‘ group RP specific linkage group

DP1 RP . H

6@"“) 3 Combine two linkage

groups by bi-parental
g L locus g :

Bi-parental locus A combined
Jinkage map

Fig. 5. Scheme of construction of linkage maps. a: selfpollinated species (F2 population) ,
b: outcrossing species (pseudo test cross population), c: outcrossing species (back cross
population). P1 and P2 indicate parents of crosses. DPO and DP1 indicate donor parents

of a cross and RP indicate a recurrent parent of a cross. Bars represent chromosomes

and bar color represent chromosomes origins.
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o054 MY —h—ICX5EEEEFEHMBKDERIZDODNTIENRS,

¥£18 RFLP X—h—ITk3ESHIEIDIER

1. #

il

EHMBK DRI — I —DBETFHODEZ S EICHBRXHZHEH
THEDNBEETH DN, MRETHEMEDT / LABECHRBEORBITIE U
THEFTERACY — A —OBELR ERMITIE CIER AL R INT 20E N H D,
il 2, BTEBEOHERS. TobbBE/EEME THS mRNA 25/ &
LTAIHIZHES cDNA ZH LITHERTESY— I —IXRFLP Y —Hh—, <A1
2OY5FIA4 h—H—BIUNSNPIY—h—D 3FEANDHD. TDHE, XA
rOYT 4 hv—H—& SNP v —H—I3EFIDE N ZE T DNA Wi fr 2 8
UTE AR 21T 5 72D, BARICTITKED DNA Wi OB EEFIfFT & 2 0 HEk
BEOAVIXIVLAFRMAERLEZTIAT—DERBBETHD, RERE
MEFMWERZNHEET S, — 4. RFLP X— A —13ZRHMNITHNEET S
EVNDIRENHDHDD, £REEE DNA M2 E#Y / L DNA IZREO 11T
5ENWIHKEELEDIENS, DT UART IAI—EGRBAETHORR
JAMBEBHRMTITD ZENTES, £IZ T, KHild RFLP ¥ —H—DH

FEINERAWEEHRDERIZDONWTERET 5.
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2. MRIBIUHE
(1) v EZTERMDIERK

EB U RERILER Fe £EHZRAWTERT 228, HETERWEYE
TIRIFREFAZANWTHR I EOREAEOMBAMED LII—H—DMEZ R
ETHDN—RETHS (Rirrer 5 1994, Grattapaglia & Sederoff 1994,
Hemmat 5 1994, Malepaared 5 1997, Fig.5)., ZD#E, —DDIvE Y/
EHMSHE (P1. P2) TN % 2BEOHEEHBENHRINLD P1BLN
P2 R RMIEEEE) . ¥ —H—OHIZIT PLP2 DEBESIZBNT HERINKRIT
SN~ —A— (REY—N—) DNFEETDHDOT, ZOREY—A—2BEL
CLUTEBBOHEERERS L, —DOBMBMKET S, LizdoT, L%
SORBEX—H—2/125 I LITHSPUKOBEEZESOLDICEETHS (Isobe
et al 2002b), BT —H—DRFGOE S EMF DT/ LOHEO & S IZHpilT
50T, RUKHSE 2 RETyETRALLTHWNIE, BELHHE1RT
HHLFF—BERUKHMEANER LA~ /L2 1y MFOIENS, FW—
7 LNICHEET 2RENSEERIINLEY— - L TRIEINZ 2 LI
725 (Fig. 5). TZT. AMETREBEI—H—DEEHCTZOITR L M
TRy EJERAE L THWS I EITL .

7 A7 0—)N 2 fEfk TWF1680] & 1588 i12&k % Fi R DIERZE 1997
FIZROTT T4 )T L AFEHERFEFT TIT o 72 (Table 21), EMBLE L TH
Wz TWF1680) 307 ORI TRE SN MEHROBEAETH O, BAET

BIE (1) 2DF2E WO RMEZFFD, BTERICAHWE 11588) Zos 7D
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Table 21. Phenotype of parental plants evaluated in Russia in 1997.

1588 2721 WF16802
Plant type winter type®  winter type? spring type?
Flowering time very early early very late
Flower color bright pink bright pink white
Plant height short short tall
Winter hardiness tolerant unknown medium
Size and shape of spots medium, large,
on leaflet small, round triangular triangular

1'272' =‘1588'(%) X 'WF1680'(¢") ; maternal parent of mapping
population.

2) Paternal parent of mapping population.

3 Spring regrowth is moderate and fall dormancy is low.

4) Spring regrowth is vigorous and fall dormancy is high.
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FIVN A IVA 7 iy (Jbkk 65 BEERAR 40 ) HROHAREKTH D BATE
COBOIEEDITSD, TWF1680x1588) @ Fi MM S 1588] IZEEMEI T
HHEEERN 1272 AT TETFREL. TWF1680) ICXAR LA AT

STHER 16THEEZY Y E S FTEREL THWE,

(2) RFLP f#&#7

DNA [ZZEROENEN SR U7z, #ilHiEld Doyle 5(1990)43# & L
7z CTAB (BAEEFINRIUAFIVTY EZTUL) 2 —HKBLEDHOZHN
7. T72bb. 2%CTABA#KRIZ 100mM Tris-HCl (pH8.0), 20mM EDTA,
0.7M NaCl, 0.3M VJLE h—)b. 0.5% RUEZJEDOY R, 2%R) TF
LU=, 083% ANAT NI )N E2RELEBRTHS. £30gD
DNA# BamHI. Dral. EcoRl. Hindlll. Kpnl B\ Psd @ 6 FE¥ED HIR
BERTUML, 0.6%7 HO—ATEXKEI L 2RIZFH 1 O (Hybond-N+,
Amersham Pharmacia Biotec ££) FIZ#EE L /=,

RFLP TICBIF BB NS T UM E—a>o70-7I12id7 h
7 0—/)\N®D cDNA HROW¥FE AW, YA O0— NG K72+ O9HE
M5 TRIzol ¥8#& (Life Technologies f£) ZH W T4 RNA Z2fili L7z, ¢cDNA
FA4 T 5 —DERIZDNA 1 75U —EkF v b (Stratagene $1) 2 H Wy,
RZaT7IVIIRS THERLZ. £ 2213 O cDNA Z70—>&0D, Yy BT
AN SEBIEAZ SEEDDNA ETHY NI TSI E—2aizkD%

RzERL. DHDOBR/AR RFLP R BRHTES /70— DA -2 J 217
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S5z, YY N TN F A ¥ — 3 21214 Amersham Pharmacia Biotec ™
ECL direct labeling system TEFZ /=7 O—T &AW, > 7 FHIVE XHT
AIVLHIZBAES BTN ROBREZ2iT o7 AZU—Z2F L7 ¢cDNA IZDW

TR w ETEADOLEERIZN T S RFLP i %17 -5 7=,

(3) AT

B IR 7 R T7 JoinMap version 2.0 (Stam and Van
Ooijin 1995) IZXDE—H—DWBDBLETRHOS BT —5 & A WTHER
Uiz, BEQOSBELIIN A 2 FREIZED JMSLA €22 —VERAWTRIL
to?—7®ﬁﬁwuﬂmmf%vz—w&mmfLQDE40T%§LtO:
DEETEDTN—TIZbREI o7 —%ty MIBH SR L, M
#Z A% JMREC £ 2 —)Lic K V% LOD {#% 0.01, REC f% 0.49 & L
TEtBE L. E#EBNOEOWENL JMMAP €22 — Wizl 0 a8 > EDREK
THfE# LOD 6T 2.0. RECET 0.35 &L Tfro/z. T OBREETHEHANOD

WDANRTE U 78D 5 Jo < — 1 — i3 SRS L 72,

3. MR
(1) <—H—R%

AP V—Z2FEfFol 2213 @ ¢cDNA 7O0—7D 55 36%(808)D
¢cDNA 7O—773< v E2 JERO 8 &R THBZ/N > RABH 5N, 5.56%

(121) @ cDNA 7O0—T7NRELRN RERH L=, 5 121 @ cDNA 70O
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—TERWTEY Yy ECTERICH T LRI AT 572 & 25, 656D ¢cDNA
TO—TIZXORIWFN R ENZ, TNSORIVFND RIZRAEST
—H—&ELUTHY, EEMK ETH—-BIZMED T SNIZHR IR —<—H
— &AL 7z, cDNA 7O—7 DK EX13H 800bp~3kbp DRI TH V. FHfE
I3 1.7kb TH o7z,

121 @ cDNA FO—T7Mhn5 249 ¥—H—DERMT—F ZWEL.
JoinMAP @ INGRP €2 2 —)LIZXOHRIFLIZEZ A, 191 R—H—NTD
OEBHBIZHTEN, 58 X—H—IFEDHEBEBICHB I ok, BT h
2191 X —h—OEEHNOIWNE JMMAP £ a— )V TRELZEZ A, 33
R—H—MNF— RN SEBRA I N, 158 ¥ —H— OEFHIK - OB 2 HRE L
7= (Fig 6), SEHMIL. HEOEWEIZ LGLH S LGT £ TOES &S5 L.
21 ORIIVFNY FER—EBIZMED TN ENS, 10— —E AR L T,
BB, 1 DO —DEBOEIZAEDITENS Z Eidah oz, MENRE
L7z 1588 X—H—D>6 1 X—H—3HHEBETHLIAEOBES—H—
(Flower-c) T D @ 157 X —hH—MN RFLP ¥ —h—T® %, Flower-c I3 LG1 ®
K S 8.0cM IZE DT 5Nz,

HSHHE D RFLP v — /A —1X 90l ¢cDNA 7O —7IZHK L7z, £
DIHH5 41 O cDNA 7O—TRIINFN REREL.ZOVOTO—TRL 7
JUNT RERH L7 (Table 22), 1 DD cDNAMWSKRIEEINZILFIN RD
BiL 2~6 BT, 2D 456% N 2 MOTILF/IN RER L cDNA Jo—7

THol. 4~6EHOTIVFINY R L7z cDNA 7 O—Ji3F—70—7H
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Table 22. Number of cDNA probes those detected multiple polymorphic
bands.

Number of cDNA probes
Number of bands D

Total Within LG?2  Among LGs 9
Single bands 49 49 —
Multiple bands
2 22 17 5
3 14 4 10
4 4 0 4
6 1 0

1) Number of polymorphic bands those were individually detected by one
cDNA probe.

2) Number of cDNA probes those multiple polymorphic bands identified
markers located on the same linkage group.

3 Number of cDNA probes those multiple polymorphic bands identified

markers located on several linkage groups.
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KOBEOI—H—NERBRDEHEHBIAME DTSNz, —H. 2DDILFNY
RERIHL 7= cDNA 7O—T7 CTEF—70—THkOT—H—T2 TR —3##
HAIAED TSN,

HEEHMH DKL 535.3cM TEHEESFBHOKSIL 63.7cM (LGT) 75
104.6cM (LG1) TdH o7z (Table 23). 2 DD (R—A—IZXDMEDITFS
N7z BAL) DIEEFEBEIT 3.4cM T, BRI OHBN R D EWODIZ LG 1D C1483a
& C27T DT 23.2eM TH o7z, FF—8 (BTH : 272) TR &I
BH (e E : WF1680) IZRr AR BB I UIBICHE T 2 EMIE. ZhEth
T DOOHER EIZ#IL 7z (Table 23) . BN ED 2T DOEAIIZE D 41% 53
RI—BRICHENT, 22%NREBRIZHERNTHD, KOO 3T%HNMBIZIHE
IRPERL T o7z, ILED AL D5 BED R abxac, aoxao BX T abxab (253
S5NBHN, aoxao IO —H—MNEmbEMh o7z,

SEEDEAIIMEK LD 37% DAL TRD S, #iK LiZH# L THED
757z (Table 24, Fig. 6), LN EBATZEMOBIGITZDOFBERIZEL 5
TR BEITEET BN DOHF TIZ abxab, aoxao B TIZIZFETHEENES.
abxac BI Tl 36 %6 MNEA Tz, WIERITHRAYZEEALITIGE D EALIT TS
BEDEANDIR . R —BITRENZEA T 9.4%, REBRIZFHRENRBHAT

5.7%7= 57,

4, EER
AHITIE, 157TRFLP Y —h—& 1 BEY—h—I1TL 5 7T DOEEHEIC
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Table 23. Map distance and number of locus of 7 red clover linkage groups.

Linkage Length Mean Number of locus
groups (cM) di:t;[nce abxaa? aaxab abxac aoxao abxab Total
c

LG1 104.6 7.0 7 3 1 4 0 15
LG2 83.3 3.3 8 6 3 8 0 25
LG3 80.7 2.1 16 8 3 10 1 38
LG4 72.4 3.6 16 1 1 2 0 20
LG5 65.8 3.0 5 7 1 9 0 22
LGé6 64.8 3.2 4 6 2 8 0 20
LG7 63.7 3.5 8 4 0 6 0 18

Total 535.3 3.4 64 35 11 47 1 158
(%) 40.5 22.2 7.0 29.7 0.6

D Segregation type of the locus. abxaa and aaxab were derived from donor and
recurrent parents, respectively (mono-parental locus). abxac, aoxao and abxab

were derived from both parents (bi-parental locus).
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Table 24. Number of distorted segregation markers and distortion ratio.

Segregation Number of locus Distortion
types Normal®  Distorted @ ratio (%)
abxaa 58 6 9.4
aaxab 33 2 5.7
abxac 7 4 36.4
aoxao 1 46 97.9
abxab 0 1 100.0
Total 99 59 37.3

a) Significant at P< 0.05.
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SINT=T 7 O—NOEBEMK ZER L 2. AESF KT O—/NE THRY)
IER S N/ d 8K Td % (Isobe et al 2003), 7 H 27 O—/)\NDEEAFL @k
X7 ATHD, HEBEFRAKTHD IS FHBEBIIERAEIIHICT 5L
ZZo6N5, BEEMXOLEIR 535.3cM Thoz0%, ZOBRITHZO—/NE
5 ) LY XONFIER — T % Lotus japonicus DEH K (Hayashi 5 2001)
DAk 487.3~481.3cM 2EZET 5L, AYBRETHL2bDEZZ 5N,

158 ¥ — A — S RIZALE DT 50, 91 I — W —AEh SR E
oo 2OZEF. BHBOEFHNEZRSG L T—DOFESFMMITT 5@BBICH
WT, MEEBEOI—N =R+ TRVWERICEZID, ZoRBEMT 2. #i
ZIE,LG3 EDOXKRSEM S 43.4cM DALBIZHERT S~ — 1 —, C1770c(aoxao
R) ZRRS LT LG3 OESEHOW D EFRELZHEIT, LG3 13X 38 FEITL D
80.7cM DEFHBEMN 5 23 FEIZX D 67.9cM DEBBEAM/NL . TDZ &I,
SHIGEY—H—KAEMT 212 ONTINE DIl v —h— HEPHE FIThL
BOonsuEHZRBL T,

SEROF TR RF—BHICBEROBEBMNOBENEN oz, RI—H#

(272) OF ) LD 1ty MISREMBETHDOT « TIWNTIVA D Hid

DEFAMAL88)ICHRL. B 11y MIFEEMBEHRDRES(WF1680)I1Z
HKT 2, BEND 2 DOF ) LAOHKRNERS ZENRRT—HOLRENR
EHRIIHRTEWILITEBLTWIEEZA OGNS, AR THSNIILERE
DEIGIE Salix DY 2— RF A M OXATHSLSNE 22% LD E < (Tsarouhas

5 2002). FEucalyptus globules TG 57z 40% X D {EKH 57z (Thamarus 5
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2002), AWM TIIHBEOEIG Z/mDD2H, P a— FF A M7 OX TR
RURMERAZ v E JEAE U THWES, ZOFRIIHEICEHNIZN >
oo TOERELTRFI—HANDOT /) LAHZRHOREINEZEL TVWEDBD L
EZions,

K EDOEDSFBELDOEAIIRA BB THREINTWS, SBHLOEAS
DEFERIZDONWTIR, HEHHBNA T ACEBYHBENORA T I AR EDT—4
FRATICOA N D 2 ERPREKOREK, BOEREET. BENREIER R EEMH
BRI ERAIRBEHNEZ SN TS (Plomin 5 1995, Bradshaw & Stettler
1994) , AT TII S BELLAREBATZEOEISIZHBERIZ X > THRARD, abxab H
£ aoxao M TIIZIFETOEOFBELNEANT ORI TR TWE, F
BROBERNI 2 EH TN T 7V 77 D P2 REIC E 2 EFEHHTHRDSNTHD
(Brummer 5 1993, Kiss 5 1993, Kalé 5 2000), FEHMZEZMITFHMSHD
AERNERZENTNWD ZENHE SNz, REHMXERTE /oL D
EADFERZB R R THEIZRND ZEI3E#L <., MIITIEIS 55
MBETHLIZBOEEZZ NS,

HEHHI EO/EIX LGl. LG3. LG4 BL U LG5 ORGEBEBRWTIF
IEHEICH M LTz, Darvashi 5 (1993) 131X 1 D RO FEBEAHY 10~20cM
THNIEFOTEZ QTLORME A ¥ — NIy ESTIZEoTIFASD &
HWEL TS, AEHEMMIL, LGl FTHERE OB 23.2cM BN /= HIEN H
5HbDD, MOFIKTIZ 2 DDORDMEIZ 20cM LA EOREEENRRED sizn o7z

ZENS . QTLHENZET D ETHARBEBEOEEZAL TS HO LHBTE S,
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L7zio T, vy E2JRHADKBENEI 21TV, AEEMX 2 H Wz QTL 4
ZIT52&L T BREREIIEAD LA QTL 2NFE S 115 B m W,
AW TR L2 EEHXIE, 5% T 7 0—ND QTLHEITIZL DB
HICHELZEBE——ZHAREL TW L TORERFERTH S, /. &
HEMIE 7 O-—NBTRUDTHERENZIENS, THIZO—NDOHARS
TOO-—NBREEDT ) MEBEAWCEREOHREICAERREREREL

bDEEXSND,

5. HE
cDNAHKRDORFLPY—h— R ULRMEMAZHANWT T 70— /)N\DE

S & ERR U 7z, PERR U 7= S 7 D D # SR £1Z 1567 O RFLP ¥~ —7
— & 1DDOBEY—A—MED T s Nz, HEMROREKEI 535.7cM. 2D
DEDE ORI 3.4cM TH o7z, AFEFHFIIZ O—NBTIICH THE
RENZbOTHY, 7HIZO—NOHRETI/O—NBE2EDY ) LEHRE

RAWEEREOBBICARBARZRELEZ D EEZI SN,
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B 10 F51 b—H—Iz X 2 HSEHRDOER

1. &

]

A0 7 51 hv—h—Id, 2~6 HEDEWHEES % BT (£
F—7) EL7%DIRLUES (Simple Sequence Repeat, SSR) IZBWNWTEF—
TOHEVRELBDEVWIZIDLEEZRIET S DNAY—H—THd. 1 r0H
TIAMR—AN—DFHBELT, HEHTHSI L, ZRT LIILORHENE
WZ &, BEFEHEANCEDS T —2ENTELI L, DEDDOT—
A—BHTEZS7 L IVOBBENZENWI EREDH ENB TSNS, =, B
HEDOFIR E LT, PCR ICK D IMIBE N7z DNA BiF OEZ DBENVWTEROR
HETS TENSBENRBETHZ 2L, SNP Y —H—D LS ITHNEHRZH
WESTHZRMIRHUTELIOTHENEREZNZA DI LR ENHD, Zh5D
FENS, BRIESEMODONEIIRA 70T 51 v —h—ORRBITERHIC
A, 1708751 b —H—IZXK SEBME AR % IEWRE TER S N
TW3 (Varshney 5 2005), 7 O—N\EBTE0r7o0—N&7h 7 0—)NT<
A2 087514 b —A—DERNRESNTNDEL, ZOEIFETNETN30H
KNI —H—EIEEITDRL BEANDOEHIZEE TH 5 (Barrett 5 2005,
Kolliker 5 2005).

AL, XM 7089F 514 MY—h—OBREZITW, AIHITHREL =
RFLP Xx—h—¢ bl aEEEHMMOEREZR A, £/, FISH
(Fluorescence in situ hybridization) 12k 0. B#H & EEROFEMA & DR

HITV, TSI ABE T IV Lotus japonicus & Medicago truncatula & @
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o0l T —Rbiror.

2. MEBLUHE
(1) #¥
<y EJEEAICET A o—)\VEk HR 28 T8 & L. R130 Z21EH
e L= PR 188 k2 Wz, HRIZAADRME TFr7tF) EAXA1AD
mfE [Renoval IZHIRL, BEBIIRAE, MBTHEAIIES VA, EOKEST
HTH5, R130 135 2 EOFE 1 HiTihX7z RFLP KO~ v > FEMN 5
BHRLUEEETOSY - TIVNTIVA T OB AR E O 7 OREE MfE

IZHXRT 5, BREIBRETHEY. ERIIATEIINI N,

(2) 417089551 b—H— DR
A0 T 514 h—HA—RB4BEOSATSU—, Tiabss /A
SSR o1 T IV —, AFN T4 bL—alhd /) Lh54T 70—,
cDNASSRB#H 1 T 7V —BLUNE—{LcDNASA TS U ZHWTHAEL 2.
7 LB T A7 oYU —ERRIZIZ HR & R130 @ DNA Wz, 800
~1000bp @ DNA Wk % pBluescriptll SK-7'5 2 X R/ ¥ —(Stratagene,
USA)IZE AL, Kijas 5 (1994) 2’®E L AEZAWTSSRBH S 1 75U
—ZERLEZ, BRICAWLEF—TJ7REBERTFHERBEICEENZNWEEIND
(AAC). (AAG). (ATC). (GGA) BLT (GGT) TH5 (HMS KFER).

AFIWT 4N L—2a32b ) L3175 TBFRIZED 3Lz 1kb LA
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FD% 7, DNA % pBluescriptll SK 75 AX KRR —~EFEAL. 3 HED
mcrBO+ E.colice. 7595 JM109, DH5OB LN XLI-Blue iZ#E A L TERL
7z (Rabinowicz 1999) .

cDNA B#E 71 77U —DERICIEAEE (R 12F) Oz W,
RNA O#iH & cDNA D& kiX Asamizu (1999) S E L = AEEH W,
500~1000b @ cDNA Wi} % pBluescriptll SK- 75 A3 RRXZFZ—[THEAL T
BT —2ERLE. BHRICHNWZEF— 7. (AAC). (AAG).

(ATC). (GGA). (GGT). (CT) BLYV (AAAG) TdH 5, ¥J—{t cDNA 5
A4 75— HR OELEMH. BLV R130 DEZHNWTERLZ, 53X
R DNA 7 5 TempliPhi DNA amplification v ~ (7T ¥ Atk) ZHWT
EEHIE - > — 5 A% fTok, T AR MOAMHEL. cDNA B>
AT5V—&FALEEF—TDSSRZHFRK LIz, 1 /05751 h—H—D
T4 —DOF%FHTIIFRE 7 102 5 L Primer 8 % A U1 (Steve & Helen 2000) .
HEMT DK E XA 90~300bp &725 K DITEREHL 7z,

D= VABWIET IOV TT— Y DHEDFM % Phred
program (2 & Vil L 72D % (Ewing 5 1998) . BLAST 104 5 /. ® BLASTN
ERAWTRART —4YX—ZX LD Arabidopsis thaliana (311 X+ X5). L.
Japonicus . M. trancatula BXUNY 1 AOBEFEH & OHFEMEZBITL 7=,
2B, RROBMEIX ES105 X3y hA37 230 & U7, L. japonicus
KX M. trancatula \ZDWTCTIEEHRAMOEWT /2 v 7 70— IZDNWTEE

K FOMBEEZHR L., YA O-NIA 08T 51 b —h—OE
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M EDMEEIRBETSIEIZLOI IO Tr—2#EL .

(3) X147 09751 b—H— DRI

PCR i3RI DEE%E 511 &L, 0.5ng D7 H1 7 0—/)\5 /) L DNA,
1XPCR /N 7 7 — (Takara Bio #) . 0.2U Takara Taq (Takara Bio #) ,0.2mM
dNTPs. 0.8uM 754 X —X7 DRGHEKREZM Wz, PCR RIGZY v FF
> PCR i (Don 5 1991) 2—8MEIEL. LFO 0SS5 AL Tirok. T7ab
B, 94°C3 3 THE T 94 °C 30 B+ 68°C30 & 31 VKT Z&IZT =—
UJREZ2CETEESIT & 3E, HW\WT 94 °C 30 ¥+ 62 °C30 #
+72 °C30 & 3 VAV T LT —) JREEZ2CETEIRSIY
> R%E4E, HWT94°C 30 #+ 55°C30 W+72°C30 % 30 U1 7 )L, &tk
IZ72C10 53 TH 5. PCR EIEEYIL 3% D MetaPhor agarose gels (BMA i)
E10%DT IV UIINT I RTIVERHWTERREL, vy EXJEFOmERB X
188 Fi AN SERICEAZ 10 BEEOETEHEZRT Y —H— &2 EKL /=
BRI —N—lc& b7y B2 JEMAREKROLRIRITL 3% D7 ju—R
TIEHWTITY, ZRBRHSRE R —H—IZBD 10%7 7 VIVT 2 RS

RO EIT o7z,

(4) RFLP f##t
E2HDOE 1HTHRAELLRFLP Y- —2HWTHE 2 ZOE 1 &i&

FIARISHATIE T~ » B2 FREHADEZ OfEHK 14 EAE TS RBT 21T o /2. B
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FEIE2EOB 1HERAZKTH D, ZRMRE SN/ RFLP Y= —E<7 v

Y2 VEAEMEEITST 2L MMTIZHEL 2.

(5) BT

RFLP Y —A—BIUNIM 709751 Y —h— DB EFRT—I®K
Widhs—~<vE>FiE (Kiss 5 1998) BXUEMH S 0% 5 A JoinMap
ver3.0 (http://www.kyazma.nl) ZRH W Tiro7z. HoNlBEmTHIIEAS T
LTTF—4%DI MU AEERL., T—FDHENEZAIZL>TIY—H—% 7D
DIN—TZ5 e BTN—TDF—5ty NBEHADS A T% cp &L T,
JoinMap D FHAEIZE D LOD f 5 THEMS T OMTEITWV. F—7)
—THNICERPEINET =5ty MIDODWTOEDDEHB E AR L, &l
EENOY—H—D N JoinMap D v E > FHkEZE W T LOD=2.0,

REC=0.35 TZtEL /=,

(6) FISH iZ & 2 %etalk Dbt

RetathkDY > 7)ViAE & DAPL #4413 Ohmido & (2002) A& L7z
FHiEEHWTITW, REAEKZHF L2, FISH 47D 70— 7121 28S rDNA,
5S rDNA BLUOZHHBMICEREL TNWEIIY—H—EFIZEUD BAC Y O— %
HWTfro/z, 288 rDNA & 55 fDNA 07 O—T37 A2 0—N5 )LD
rDNA & 5S rDNA BETFDOI—F7 2 AEbEIERLEZTSII—EHNT

PCRIZKDHEIEL 7z, BAC 7O—7Iid HR ©% / s DNA #1kD BAC 517
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5 1) —% CopyContorol pCC1BAC (Epicentre t&) IZ&X D{ER L., 3-D DNA 7

—IVEHELI-HN S SSR 25T BAC 2K L THERL 7.

3. ¥R
(1) 1270975751 hx—hH— DR

THZO—=)ND5 ) LFERND SSR Z2RET B-0IER LS/ L
SSR BMES A1 TS5V —, AFNT4N I L—2alhT /L5514 TI0—,
cDNASSR #5175V —, BLTHE L cDNA SAT5U—DrO—>0
BDOUA % Table 25 IR L7z, 4RBEDSATS5U—n5 83,172 yo—
ERIELR. /v BLU cDNA @ SSR B 7175 —TlIFhTh
15,427 (56%) BX1N6,568 (57%) D O— 7 15 HELL D SSR & H.
AFNT 4N bL—2alsl ) hTA4T 5 —TIid533(28%) D7 O— A,
ﬁ*ﬁdWA?%jiU—THG&H(%%)@7D—>ﬁﬁﬁ®8$¥éﬁh
TWe, IN5 SSR 281/ 00— OEERSNEH LITR 7,244 DA 7 OY
T4 MR—H—DTFTA—RT7 Rt L. TIAMI—RT7ZERE L1
7244 U D— > OFEEERFNICH L THREORR T EZ A, 5,970 Do O
— OB OB ETF EEUENDH D Z EAVHAL £,

7,159 DT 54X —_7ZHWNT HR, R130 BXUT v E VM 10
fEERIT 3% T HO—ATNICK 2L RIfEN 2T o/ & 25, 1488 751 < —
R7TEBERIE Lz, EBORIVFNS RERHETEZ TS5 I—XTIZDW

TIRT—5HE LORELZ# T E-DICLIBORIT N SR L7Z. BOD TS
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Table 25. List of libraries for identification of SSRs.

Number of Number of Number of Number. of
clones clor}e§ primer pairs (?lor.les v ith
sequenced containing designed similarity to
SSR genes
SSR-enriched
genomic library 37,248 15,427 3,094 1,889
Methyl-filtration
genomic library 3,264 533 175 156
SSR-enriched cDNA
library 13,440 6,568 919 896
Normalized cDNA
library 29,184 6,801 3,056 3,029
Total 83,172 28,796 7,244 5,970
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AR—RT7IZDVWTIY v ETEM2EEIIHNL TERBITEITo R EZ A,
1,305 DT S5AR—RTIZDWTHHEREMEBLZIENTERE, TDOO55
1,024 S5AR—RT7IX3 %7 HO—AT )N TELRAFINAETHD, RO D

281 754 —RT7IZ10%7 7 U7 I RTHHT B ENTE,

(2) RFLPR—H—QAZJ—=%

121 ¢cDNA 7O —7%2HWT HR. R130 BL U< v E JER 14 ik
ORI EIToEZ 3 95 TO—TNERERELE, TDS55 37 7O
— T3 2~6 DRI FIN RERNL., TNSDONY RIZRBRLEZY—H—&H
RL%z, TOME., 28T 167 RFLP Y—h—0DBETHT— Y 2RETSZ

ENTER.

(3) SR DIERR

1,472 X—HA— (1305 ¥ 7 0¥ 551 b~ —H—BXY 167 RFLP
R—=N—) OBEGETFHT—FEAVWTESBTEITo/EI A 1,399 ¥—H—
2K D 1434 WAL HEEE LITALE DT 5Nz (Fig. 7. Table26), 5% 1,286
A<M 70857514 b —A—iTHk L. 148 E{ld RFLP ¥ —#7 —ICH
KT2ZENHHALE., HEMROEEIX 868.7cM THEHBOEI I
108.2cM (LG6) M5 149.7cM (LG2) THd, ZDIEMS. 2 DDEMD
RO GRS 24T 0.6cM TH O EHBFANTIX 0.46cM (LG3) 7 5 0.81cM

(LG5) THolz. B OHEETHEEHM ORI THICRDMEMICH 7. 347
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98

Table 26. Description of the integrated linkage map.

Number of locus 1) Marker loci Distortion

Length(cM) bi-parental HR specific R130 specific Total densityz) ratio(%)3)
LG1 136.7 29 (17.2) 108 (63.9) 32 (18.9) 169 0.81 40.8
LG2 149.7 83 (29.5) 121 (43.1) 77 (27.4) 281 0.53 52.3
LG3 113.6 71 (28.6) 106 (42.7) 71 (28.6) 248 0.46 19.8
LG4 126.6 74 (33.9) 83 (38.1) 61 (30.0) 218 0.58 19.3
LG5 113.5 41 (28.9) 60 (42.2) 41 (28.9) 142 0.80 7.7
LG6 108.2 46 (30.1) 56 (36.6) 51 (33.3) 153 0.71 25.5
LG7 120.4 61 (27.4) 77 (34.5) 85 (38.1) 223 0.54 13.9
Total 868.7 405 (28.2) 611(42.6) 418 (29.1) 1434 0.61 27.1

D' A number in the parentheses shows the ratio (%) to total number of locus.
2 Average distance between two loci.
® A Significant at P<0.05.



—H—NEROBMEREL., 2055 17 x—h —IdE—FH#HBEAIZ, 17 <
—H— IR DHEEHBITRIE S NI ER OB E DTSN,
S D 43%12H7=2 611 EALIE HR FERMTH D, 418 FEfL
(29%) %Y R130 %R, 405 AL (28%) HS$LED HENLTdH - 7= (Table 27).
LG1 X HR R EMREMOBEIED 64%EEhoTz, HBEMOSBESY 1 71X
abxcd. efxeg. hkxhk 7 7 ZFNZ 167, 160, 78 FEAL/Z 5Tz, &HED 27%
DESLIZDNT 3B DEADERD 51 /2(P<0.05, Table26). SFBEDEHSILE
TOHEHB TRAD SN, #HERIIL > TEOHIGITRARD LG5 T 7.7%
DEMDTBENEATN DT L., LG2 TIE52%NEATW:, Y 1
AT hkxhk 7% 67.9% & BAZEALOBIGREN 7208, T DIENDTEES A

T3 22.7~81.9% & KR EREIIRD S NRM o Tz,

(4) REEORE &SR & OBEH

Fig. 8a IZ DAPI $aiZ L 27 h 70— NORGKGERLZ, ThHY
O—NORBEEDEETIT 5.1~7.40m THREY—RBHE/NF—> (CP) ITXDH
k2R 5 Z LN TE . FISH 47 Tl 28S rDNA (R DHN> 7))
MRk 1 BOERTOBR/NMEERE (NORs) IZBNWTHS BRI N, Btk
6 FOEBIZBNTHE RIS N (Fig. 8b), £7/= HR OREAMK S BDOHH
ZHI T FIVRRIN E N4, R130 Tt EN/sn o7z, 5SrDNA (FREAD
STFI) R EAE 1 BOHLED S NORs IZMTTOEB EREak 2BOE

Bz 2 Amiia sz (Fig. 8c).
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Table 27 Number of locus and distortion ratio at each segregation type.

Number of markers? Distortion ratio(%)

bi-parental <abxcd> 167 (11.6) 28.1
<efxeg> 160 (11.2) 31.9
<hkxhk> 78 (5.4) 67.9
HR specific <ImxIl> 611 (42.6) 22.7
R130 specific <nnxnp> 418 (29.1) 23.4

D' A number in the parentheses shows the ratio (%) to total number of
locus.
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BHBERNSUTOT—h—EFZ2EUBAC/7O—2%2BAC 17
—® 3-D F—)lin 5 &KL, FISH 217 > /=, 9725 RCS1777 (LG1).
RCS1588 (LG2). RCS1627 (LG3). RCS1647 (LG4). RCS0036 (LG5).
RCS0019 (LG6) #LW RCS2546 (LG7) THS. RCS1777. RCS1588,
RCS1627. RCS0036. RCS0019 3L~ RCS2546 137 NEnHefalk 4. 2, 5,
1, 6 BLU3HTHRINEIN/A (Fig. 8d). RCS1647 3Rk 7HEOKRME 1 &
OH LD NOR D IZBRI S /=,

(5) L. japonicus BL N M. truncatula & O L8k

ESH FITHERL 21,286 1 70T 51 bY—H—D>55 434
— 51— L. japonicus & . 566 ¥ — 1 —7 M. truncatula &. 257 < — 71— Hj
BT ) LRSI EMEIERL 2, HEHEZR LU ZZEESNIEIM O < A RHEY) O
BB LTOMBERK TS &TY IO DT o—DfEEETo /= (Fig. 9).
SR~z > F=—1d7 27 o0—)N AR re) ® LGL, L. japonicus (LA
T L) @ Chrd BEXU M. truncatula (LL'F Mt) @ Chrl ORI TRD SNz,
¥7=. Ljchrl i rc LG6-Mt chr7 3L W rc LG7-Mt chr3 DI THT /O > F
ZNRDHENTE, FTOENDOEHBEIIBNWTIX, re LG 2 - Lj chr2 - Mt chr6
BLD rc LG 3 - Lj chr4 — Mt chr4 O T—HEAHENED SN DOD, £

ROIZ X BIRE7S B ERD S e o Te,
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Michr6
Ljchr2

MichrS

Lichrd

Miche7
Mtchr
Ljchr6
Lychr1
Michrd Michr4
Ljchrd
Michr2
Iuw Izom ‘[ oM
I-.om Izow Iuw

Fig. 9. Macrosynteny between the genomes of red clover and two model

legumes.

Putative syntenic relations were estimated by ordering the red clover DNA
markers along with the linkage map positions of the corresponding best-hit
genomic clones of L. japonicus and M. truncatula. In cases where multiple
red clover LGs were assigned in a region of the L. japonicus and M.
truncatula linkage maps, a representative red clover LG was selected for
every 10 cM interval. For each represented syntenic region, one or two
representative pairs were drawn with the color code indicating the number of
assigned homologous sequence pairs represented by colored lines, blue: one ;

green: two to four ; red: five or more.

91



4. ER

SSR AEDEDIERLIZ4BEDSA T SU—DIE. 7 ) LBLT
cDNA B 51 75 —TRZENTN 3% & 57% D7 0— 12 SSR NEEh
TV, SSRIBHEZITORN 2 ZIAT IV —THTHEDSSRZEL /0
—CDBEREFTDIIENTER, 2EEDYT /L1 TI3U—DIEAFIT
AN RL=2alH I L5107 5U—13 90% DT O— > HBEAEEGT & MR
ERU. 74NV —BORIZIHNROGIMHSNERS T2, —H. T/ L
SSR B 1 75 —CTHREFHBIIZVWEARINEEF—T7 2 BHEITH
WBHZETE0%A LDy O— BB LR T EHFEEZRL /2.2 BB O cDNA
FAT S5V —TI 80% Dy 00— NBAIEG T EMEREZRLZZENS, Z
NS5DIM TS5 —IIBEFICEAELZYI 70T 51 b —h—DIERIC
FRIZ—ATHdEELZEND,

R—H—DEBREEIIDNWTRBMOBWOES R HO— A5 )T
ZRNFETE D —H—DIERKRE B L 7= (Isobe et al 2004) . &5 L 7z 7,159
TIAX—RTDD55 1,488 RTY NIy ETEATEHEZRL, TDOEH
70%WN7 HO—ATELBRINAETH o /2. BAETRELET T —R
TIZRHTHAZ V= THHEIL 21%TH D, Barett 5 (2004) N|E L=
O7O0-NA47085754 h—H—TORAI -2 T%%E (63%) Tk
NTEWETH -7z, ZHUIBRHND ROEZIOENKENESIZ B EL THFE
hlizZEizksdEEZLNS,

EE. JORMEOREWS / LAMERZBNE L TEEDRWEEHK A
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BOEYMTHESN TS, KETIERL ZE#EHEHMKID locus OEEITFEET
0.6cM/loci 7227z, T D#ERIT McCouch 5 (2002) 12K % % 0D HEsH X

(electronic-PCR. 157 kb/loci), Menz 5 (2002) 1245 )V A ADESHHIK

(AFLP < —#—. 0.6 cM/loci) Song % (2004)I2 & %51 XD & ESHK (7
A0 5 54 hI—H—. 1.4 cM/locic) R EBREIN TS FE L EHEHE
BRI R THRENRLS, TR RFELZA L -EHEMNXTH 25 S HETE 5,
FRBEROEBERB LY —h—DEIGIILED 2.3% L&, AHIZBWTH
FLEY—I—ERG2EHOEFHBITICBNTHWEETICATESbHD L
EioNs,

HBEHK DO 2AEOE XL 868.7cM THD ., % 2 & 1 #iTih_/z RFLP
EHEMB D 535.3cM KD EM -7, HEENE R EROVEDEY—H—
BHOBWMMIZKST ) LAN—BROEKTHLEEZALGND, £, RvESY
ERADYT ) LONTOHDENHEES L TWSIREENH D, FHTHWEE
HiZHA, A4 ABXPOTTITHEL TWA, RFLP HE#EKERM IO
TOHHKLZ, B2, BHEEZX A RICHKT S HR RN —H—DF
B3 43% & R130 D 29% L 0 E <. HRIZY / ADATOMNEH W EHRI N
D

ThHIOA—=NNDY ) LE%E 440.1Mb & L /=54 (Sato & Isobe 5 2005) .
BRI & Y EEREE OBA{RIE 507kb/cM &72o 7z, T OFERITIEED < ARHH
¥) M. truncatula @ 970 kb/cM (Choi & 2004). L. japonicus @ 907 kb/cM

(Hayashi & 2001) 3L 07 0—/)Nd 835 Kb/cM  (Barret 5 2004) 2
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WATHSHEER S /- 0 O FEIEEEANE Y. —ARIC EFEMEREY) 13T M Rl 12 B
NTEAOZHENENWEZINTBY, BE%ETH S M truncatula * L.
japonicus &7 7 O—NDEWZY ) LOZBMICHEL TWBalgEdD H
%, yOzo—NEDEVZ O O—=)NDHF ) LY A X 956Mb (Barret 5
2004) ET A O—NIZERTRKREWIENERTH S LHEEIN,

FISH fE#TIC & 0 BgHHK & RakROKE 2T o & 25, Rtk
THRE1FBIZRHEINZ LG4 ED RCS1647 A DT —H— i3 &Rk LIz 1
&g O E N7z, RCS1647 DREAK 1 F LD T FHIVEY ) LD
BTEMLEZERTHD BN, MTICHWEY - —IISB#EBOEK
WICMEDT SN, REKETHRBIIS T HILARBENTB DALE DO
JRIZHFENRL, BEBOBEOR I GEHE Nz,

L. japonicus BX N M. trancatula D> — > AERITETNETNEHEHD
KEGRDNEAEINTNDIZTERWR, TH 7 O—-NOr O—CEFIOK 2/3
EHEMZERL, X700 T 2—RITZT O ENRETH -, THI O
—N. L. japonicu BX N M. trancatula \ 3T NTNEAREEKEN T, 6, 84
ERRBZHOD, THIZO—)ND 3 DOBBHBIIILE L 2 3 MO ARMEYE
MICTREENE NI RSN, RO OEERICBVWTHESNART IO
SUTFZROLNTHBY. IAREFIENOY ) MERIIE VERTY
AT O=NNBHTAHIEMRETHDEEZ SN

AHITHER L2170 T 514 h—h—IC X 2EEFMFIT, < AR

EHOFTRERBEENG P OBETHKROY—A—TH LD HENE
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W, £, SEMKZT TR ZEO SSR 28 DR ERFIERCRAK S Oxt
o, TARMTOR /03 O F R EFRHTEML LY/ LEHIZDNA v —

A—ZRA LT O-NEBENORREOEBRIIRDEEZ SN S,

5. WE
BEFEBEORFICHKRL Y HO— AT IV TEURENRRERT 1 D
OY5 514 b —Hh—OEH EEEMMOEREZIT /. 4 BEOS AT 5 U —
2R L. SSREFIZEE I/ 0— > DHEEZIT> T 7,244 D SSR /51 <7 —X
TEREG L, TIA—E&EG LIEESFID DS 82% A BEHIE G T DELF & A
FERH o7, I ESTEMATERMEDL DT SAI— RV ERAIY—Z2 T
L. 188 féltk® F1 M Z W TEHEMT 21T\, BEHRO RFLP Y —h— & &b
¥ T 1,434 BIZ X 52K 868.7cM DEF M 2 ER L7z, FISH IZX D REHE
CHEHO 1M 1 OMBEDTETF o, £, Y ABRETIVEY L. japonicus
& M. truncatula bt OO 2T Z—EHENI L. ZNSDT /7 LMERIT
DNA X—A—2FA L7 A7 00— NEREENOBROEBEITRH D EE

Aoz,
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E3IE THZO—-NIZBITS DNA T—hH—OEREF Ak

DNA ¥—h—i3#H L WERBHEME L TS hTB0., £< oy
TEEMNTHONTNS, —FH., ERICDNAY—I—2FA L TERSI N/ M
IHRFETIEERD SN TR, ZOHEHBEL TIX, DNAY—hH—EEELEE
LOBEENNBETH DI ENBHIT 55, DNAT—H—DEREADZT v
TET—H—OBECHRETHIEDOLMERX, FREMOEROKES,
ERHERETRELSZN, KEL 2 DDOAT Y ITRITHIENTES, T4
HE, RELZDNAY— I —OBEBEMIIN T 2L UMOMR L, FEBEEIC
BHT 5 DNAY— A —DRETH D, FiZ. BREEZICEET S DNAT—H
—DRIEIHE OB GHRANERICZDIZIERETH. QTL @&, > > 5=
—ZRALZET VY OBERAA R ERLRFERT /L) —AEHEEL
THbRFNIEE 5780 (Rajeev 5 2005), B TH. MFEEEYIL DNA v —
N — B OBHN D, EERNAIHANOEN E&ENICET 2 HmAREHEN
TWBZENS, DNAR—H— A WEEBAOFAMEEZ LIF57291213%
DRMEZZHMICERAT HILEND B,

AERX, THIO—NIZBITS DNAY—H—2FREFIHT 520D
EBRELT, E2ETHRLAERFLPY—A—BLU1 7085751k
R—H—OEBEMICHT 2% LEK DNA X—A— &L TOWRERER
W95, FZT B TIEIDNAR—H—OFBEMIIN T 2EMAEEHL M
T 2DICRBLBETFRHEDDEKIINT 57— 7 — OB & S X
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LD —ABEOREMEZNMES 5, 5 2 HiTIIHMBHICEET S DNA T

—H—DOEBDEMDAT Y TELT, B&M%ES—7y MgEEL. QTL #

K D ERMEBROBRE 21T 5.

F{1E RFLPBIUNIAM7O0UFTI541 b— D —OFHEEM DI

1. ¥

]

EBRICDNA X —H—2FREOBHE THATIRICEERI LIIED<
—H—OBRBBEMIHT 58171 (Transferability) Th 5., IR2HE, &7
—H— ORI HLRMENRLIELRTFHEDDEEKICBNTHREFINTN
LINENTH S,

THIO—NOERBER TRZORYORAT v 7T 2 EBER M
[CBWTHEH 2000~4000 EEZRMEL THOHE D 20, ZORERT 4000~
8000 DNTOF A TN EIND Z LiT7/2%, ZHUTHL T 1 DOHEEHHKAN
1RO FLEMMSERI NS TN EHEHBK EOT—h—id 4 DONT
0851 7OEMERRL THERINEIZTERN, Thabb, DEDOHHM
B EDY—H—DLRERITZTOX X TIIEBREM OLEME I L THERITHE
ESINTVBEEEZSNS,

i, MFEMEOBEEIZI -BRICREROZ LD B - RENO L
HABNWI EAMEREINTHY., 7HZ7O0-NIZBWTH RAPD Y—H—®

AFLP X—A— XX D RERNOLKREOE I NAH N TS (Milligan

97



1991, Kongkiatngam 5 1995, Camois-de-Quiroz 5 2001, Kolliker % 2003,
Herrman & 2005), 2D Z 37 h 7 O—NOEBEMIIEEHSHENE L,
DNA Y—h— 2B REBEBICEAT IR L IRBGERICHIETE 5817
HOENWIT—H—RDENTNDE I LEEKT S,

—%. DNA X—H—OFEBEMICHT2IEHEZRGT SR, 8
FHEOESZ T TR, SN FOMBORZEWIZET 5HERBMLEL S
N 5. Hayashi 5 (2001) I L. japonicus O&E#H I % Miyakojima MG-20
& Gifu B-129 @ 2 R & A WTHERL .. HRHORENE 1,2 BORM TERENAE
CTWABZ EZBHSENI L. L japonicus \3HEN TH 53, hiEE TELSH
ERMEDBENT A7 O0—NIZBNWTITEREREOROBABEDERN T SILH
WHETEU TSI RENEZ SNDS, £, BEAOS RS —h—
DOEIZXOMABBMAMOKRIIRARD I ENS, REAKBEIIELNRTD
BHFPN T — I —DMNENELLTE I LB TFEIND.

UEOEBERNS, AFHICBNWTIIE 2 ETHRL/ZRFLP Y —A—& <
A 2095754 hR—HAH—DOBERBEMIIHT 2BITHEZMFTT 5, £/, RFLP
HEMNX EE~ A 70T 51 hEEEEEMN EOY - —-DOEZELBL.

BRIy EJEABMTORY— I —DMNBEORENERETT 5,

2. MRIBIVH®E
(1) RFLP X —7— D& RN

HEAMEHNIHAOBERMBETH S (R F), O 7D [5—=21 2]
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BEUAFFD (PINVIATz— K] © 3 BEEZH W=, &RENS 4 T
D4 ) 1\ DNA Z#ii L. 2 12 fE{kIZ DWW T 90 @ ¢cDNA 7O — 712 & % RFLP
fEMT 217 o7z, RFLP A5 2 &5 1 i L MO AHETITV, BRIND RO
B OFE & RFLP EEMIR O~ v EX JHEAOHBTH S 272), TWF1680)
EDNY RYAXDOW|BEITo/z. N RYA XDBEBNVNWERRZRST LIVEHA
U N RZBRH UMD ZEBIZREREO null YT 2EEFEEZR/ZRWN)

ThdEARLI,

(2) A7 09551 bx—Hh—DOLRRIT

®izd 11 AEITEREINZT A 70— /)N\aHE - RKEZLRETITH N
oo AWemfE - FMIEILLTFO@ED T, 0 NIEEREZRT., (FY27) (H
), IR7EF] (HA), YyRo) (HFE), THEHF 20 5 (HE), 15—=
A2, (@T7), TAF—br) (Fzazanty?). (1571 (Fox—=2). T
INT(AAR) TRAIVE—=] (N)VF—=), (5252 R (TAUAREKE). 17
WA z—R) (hF¥), &M 8BNS/ L DNA ZH#itH L. 4 88 @
FIZODOWTHBEBEZIN—FT 21708 F 51 F—A—IZHET 5 268 7
FAI—RTZHANWT PCR 211> 7. PCR ORIGEMKR E 70T 5 LITE 2
BEE2HEFAETH S, PCRBIEEMZ 10%7 7 VIVY 2 RFI)LTHkEL, T
FOULTOIA RRAIZEOND RERHLAE, N ROV XDENER
BBTVIVERIRL, N RERH LIaN o 72 BIIHREED null THBEHAR

Lice N2 RN 1ADARKEN5HEG, BEFHEIFEY (aa) Anull 7L
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WEDATOE (a0) EHBETE SN, ZOHBNIIKREED null A% 88 fE{kH
RHEINABEMhSHE L. EY—H—ZDNWTT LILOEELLFORIZ
L2 PICOEMZfT- T2,

PICi = 1-%;P;2

Py X iv—h—icBF3 j7 LILOEEERT).,

(3) RFLP#KE <1 7 0¥ T 51 MR DLk

E2EDE 1 HITHRELZ RFLP v —A—35 2 20 2 HilcBNT
A4 2097 54 MK FITABDTENTVWASDT, 17095751 k<
—J1—% RFLP X L2 B DI 2 HFEII DN TR S,

RFLP 55X % VERR U 7= AT [272xWF1680) ) SEZICHIMB L
7 EHEBEIVEERDY / LADNAZRHWTSA 70T 51 b MM 2K
EAN—LTWS 17T 5147 —R7IZDWT PCR 217> 7, PCR ORHNK
MRETOTSLMIE 2 BEOHE 2 HERKTHD, YHO—ATNEANTS
REHHL.AF5—< v ETEEKiss 5 1998) B L UMENT 7’07 5 L JoinMap
ver3.0 (http://www.kyazma.nl) ZHWTHHK L=, T/~ 1 BEI—H—. 8
RAPD ¥—7#4— (Oerpn ft 10mer kit) 3L 6 STS (Sequence Tag-Sites)
R—A—DF—F bEBEMITITMA Tz, STS ¥—H—id Ivashuta 5 (2002)
WEORIEENATIVT 7 )V 7 7 MBS S EHE ST OB, SREH S

NER—h—Thd, BHEBNTIOFIBELHIIFE2ZEOE2HERKRTDH 5.

100



3. 8 ®
(1) RFLP ¥ —5— DRI

Table 28 12 90 ¢cDNA 7O — 7k ORI EI N7 H 7 O—)N 12 ik
MIZBITFLERIN ROEERLZ, 90H 8 07— 77 12 EEMTEL A %
BHE LN To—TJR3SMERK L o7z, 78 TO—Td~v v EZ JERK
EFRURZSION RERMLAED, BOD 7 TO0—-TR~< v VERMEM
CHAZXDON RN LIEMh ok, [RI7EF] IPNFATz—R] BLWK
[5—=41 2] O/RBEANTERHEZRHL 2T O—TORKITENETN 79, 83,
837207z, 3DDMBEM TRERENLZTY LIV N7 0—7 it 33
Zok. 2kTHBDE,. 1 7O—THE0OTLIOKIZL 3.3 THD., &KL

10, B/hME172o7=

(2) 142709551 h—h—DOLERIMH

ZRINTE(T 72268 /54— R7 TN SSHEAKEITL A EZRL =,
Fig 10 i27 17097514 b—HA—D7 LI OB LU PIC OEESfER
L7ze 1X—A—H0DEHDOT LIVOKIL 6.5 THRAMN 19, B/ 272
o BY—HN—DTFAT—RTIZBNWT LKL EAUN RERE Uiz o
T IAR—RTIIMRA L 72 268 I —RTH 18 TF5AX—RTE o7,
PIC O¥-131#1d 0.6 THKA 0.89. m/NA20.05 72> 7z, PIC DBENH- & D

Bho =01 0.7~0.8 D57,
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Table 28. Number of cDNA probes detecting polymorphic alleles
among twelve germplasms from three red clover varieties.

Monomorphi Polymorphic
c Same” Different? Total

Among twelve plant 5 78 7 85
Within varieties

Hokusek1' 11 66 13 79
'Altaswede’ 7 72 11 83
'Runny-2' 7 75 8 83
Among varieties 57 15 18 33

Ninety cDNA probes tested in all.

Y Numbers of cDNA probes detectable the same allele at least
either parents of the RFLP linkage map population: 272 and
WF1680.

? Numbers of cDNA probes detectable polymorphic alleles were
strictly different from both mapping parents.
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Figure 10. Distribution of allele frequency of 268 microsatellite
markers in 88 red clover germplasms.

a: The number of alleles per markers; b: PIC values.
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(3) RFLP #iIK &< 1 7 0Y T 51 MK D HEg

RFLP @i DIEREM [272xWF1680]) (ZDWT 121¢DNA 7'O—
THRD 249RFLP ¥ —H1—, 128 %1/ 0% 75751 bXY—74—, 8RAPD ¥—
f1—. 6STS ¥—h—BXUN 1 BES—H— I X 2EBMITN S 301 BALIZK
%4 747.5cM ORI ZIER L 7z, Table 29 IZ# X DAL DO & RFLP
R—=H—EL TN TIUF AL XN/ cDNA JO—TORERT, EHEHMK L
® 301 BEALD S B RFLP % —H— QMO 87cDNA FO—7IZHKT S
197 BALTHO., 4708 F 51 b—H—DEMDOEIL 98, FDMMD~—
A—ICL BN 6 THol, 1 I—H—n05 2 DL EOEMPED TSN/
R—A—@3RDsNBN o/, BHEMN LIMBE DTSN Y —H—D
BiZ91THD, L= —h—8D23%% HHTWE,

[272xWF1680) £HIC kD HRES N (LT, [272xWF1680)
WR) I BED TSN 70T SM A —h—id, £TE2EDE 2 &
THER L7z THRxR130) I X 2 @% EEEMEX (BLF. THRxR130) #iX)
Ry TENEI—h—Th 5, 1272xWF1680) HIK D& BSHBEITALE DTS
N1 7095754 h—h—id. 2T 'HRxR130, HX D [F]—@HSH#E IZ/L
BEOWF SNz, —Kh. RFLP x—h—&LTNATYF A1 XEN/z 140 cDNA
TO—7055 65 70—7 (46%) 1& 272xWF1680) #i & THRxR130]
HRIZBNWTH BB I BED TS NZHOD, 22 Tu0—7 (16%) FO—
TR DEBEBICAE DT 5N (Table 29), [F—HHBIZMBE DT 5N/

TO—-TOEENEBEN O ZDIILG4 T, BA5HEHITMNED TS
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Table 29 Number of locus and hybridized cDNA probes on a re-constructed linkage map of 272xWF1680 mapping
population.

Linkage Number of locus Length Number of hybridized cDNA probes”
group RFLP Microsatellite Others? Total (cm) Same® Different? Un-hybridized® Total
LG1 20 11 3 34 97.3 4 (21) 6 (32) 9 (47) 19
L.G2 33 17 2 52 99.8 13(54)  2(8) 9 (38) 24
LG3 45 17 0 62 124.2 13 (46) 4 (14) 11 (39) 28
LG4 28 15 0 43 123.4 17 (74) 0(0) 6 (26) 23
LG5 24 11 0 35 1135 5(33) 2 (13) 8 (53) 15
LG6 29 13 0 42 1005 6(35) 5 (29) 6 (35) 17
LG7 17 14 1 32 88.8 7 (50) 3(21) 4 (29) 14
Total 196 98 6 300 747.5 65 (46) 22 (16) 53 (38) 140

U Morphological, RAPD and STS markers.

? Numbers in parentheses are percentages to total numbers.

» ¢DNA probes hybridized on same linkage groups of the microsatellite high-density linkage map by HRxR130
mapping population.

Y ¢DNA probes hybridized on different linkage groups of the microsatellite high-density linkage map byHRxR130
mapping population.

% ¢DNA probes those did not be hybridized on the microsatellite high-density linkage map by HRxR130 mapping
population.



N7 O0—-TOEIENRbEN DI LGLE o7,

Fig.11 Iz 272xWF1680 #1[X & HRxR130 it} D~ — 1 — DAL B B4R %
RUTze R—A—DUWROREFWHITEEBIZCL O RIzo %, LG2, 3, 4, 613~
— A — DA NDORELNEN o 2, LG, 5. 7T3RAESMBIMED TSN

2R —HN—NERD 5N,

4. £ %

AHTIE RFLP X—A—BXUOA 7085751 hY—h—DOEREHK
M3 28T E 2 DOESHKEIZB T B —h—DMEBEOHEN S, 5 2
ETHRELZDNAY—H—DIEAtEORIEZfT - 7=

RFLP X — A —IZDWTIIZ BRI %17 > 7= 90cDNA FO— T D 74%
M 12 BRI TERZRL, 87% A~ v E 2 JHH [272xWF1680) &[F U Y1
ADNY REBRE L, 2OZEMNS, YH2ZDO—)N cDNA JO—THEKD
RFLP X — A —3EEEMIIN L THARBITHERD D EEX 5N, ik,
HFMENTEZEZRIE L7z cDNA 7O—T 0N 79~83 L MM DEN/NE
Mol e&MS, BTl 38 MENRRZ MR TERINZICHEADLST, &
BNOLRENFCRBETH I LRI N,

R0 T7 54 hI—A—IZDWTI, ZRIBTEIT -4 268 75
AR—RYBEREDORLS 11 RETERIND RERELZZEMNS, HIRD
RE2FEEMICBNTHEZRRHMNTETH DI EAHLENER ST, N

ROLRIMIZ R TR EIEED 5NN -2, 1= =B 0 DT L)L
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Fig. 11. A comparative linkage map between two Fi1 mapping populations, HRxR130
and 272xWF1680. Green (left) bars indicate linkage groups of HRxR130 and blue
(right) bars indicate linkage groups of 272xWF1680. Black lines indicate positional
relationships of locus between two linkage groups. RFLP markers are compared their
loci positions by the hybridized cDNA probes. Circles on locus on 272xWF1680 linkages
indicate that the loci are mapped on different linkage groups of HRxR130. Circle colors
represent each linkage groups of HRxR130 linkages; pink LG1, yellow LG2, Orange
LG3, green LG4, aqua LG5, blue LG6 and purple LG7. Loci name with C and RCS
represent RFLP and microsatellite, respectively.
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iI2~19THEEIZ6.57Z 07208 ZHUSRFLP Y — /1 — DD 7 L )L $(3.1)
0L, 170957514 b —H—IE RFLP X —H—ITHXRTELEENG
WEHIETL 7=,
R—HN—DEHEDHERTHS PIC FET—H—DT7 LI OBELR
TUIVOGMmIILAE—HEBLICEHENS., 1708751 b —H—
D PIC I T 0.6 Zo/iy, TDZ L. INEDOY—HN—RBANTOREER
HI2HRNEET60%THDZLEERL TS, FiEHE W EHENT
ENWTREREEBEOO DOANT OERRFTORREZRDIENS, AR O
T4 h—H—I3FEHT 60% DEMEIZH L TEARETHD, BiIrfEOEWN
X—H—ThHdIENEo7z, —F. Kélliker 5(2005)0FF L 7=Y / /n DNA
ICHRT S 27T 170857514 bY—Hh—Id, 24 THZO0—N\EETOLH
BATIZBNTT LIVER 2~25 T, AT OEERIELZY—H—OFIEIE 71%
THY., AHTHRITZIT oY — - EXRTEHMENETFEN . — MK
2, BEFHERBRIIERFVEFEEL RWEBICHEXTESIOREENEGWE SN
THY., ZOZENBEEFHERBEHROBGOGVWEATI 7O0Y T 51 b —h
— & Kolliker 5D —N—EDERBEDENWIIEERLIEEEZEZSND,
RA7O08F 514 h—h—DO7 LILD¥ & PIC OAHDEZLET
5L 7 UINOBDIHITFEEE65 K0 BDIRNWKTHMOE—INED LN
DIz L. PIC 13¥HE 0.6 £ 0 HEW PIC TH4MADE—I2RD 5Nz,
ZDOZEEF. TVINOBEMRENI—H—T7H 70— NOEFANICENTRR

57 VIV BHFRIREOEI G THAEL TWH I LE2RRLTWS, Y—N—
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DEBRIBFHZEITDDOAT, K0H-ZHZERMTLVILBAZHAL TNWBER—H—dE
EHHEVBELS, ZRTLIVOSZAR R TWAY—hH—KDHERAENEGW, T
DT EME, AHETHRELALEY—I—EREHRNEENRTNI—H—T
bdLEZONIZ.

[272xWF1680 £ HIZ B W TEHEH MK O FFHEEIZHE L /= RFLP v —
H—DOEIIE2EOEIHERL 249 x—H—TH 54, WK LITMEDTS
N7z RFLP v — 1 —OEOEIT 156 525 197 12 L 7z, NI~ —h—
BOBMZI L0 MBI BEDBIMAIMER /22 & T, #HEMPGEO@EE TR
INBEI—A—DBENEA L b EEZND, £z, EHEHKOREEEN
535.31cM 5 747.5cM EE< B> Z ENS, 14708957514 b —Hh—
MBI N/ & TEHEMK DT ) LATHT D HN—RN N7 ENRER
SNz,

[272xWF1680) #: & HRxR130) K Tid. BEOM D REHEN
HEBICE O RARD, LG2, 3, 4. 6 IREENKENHE . LGL. 5. 7 XK
Moz, LG2. 3. 4. 6 I3 1272xWF1680) H1X/IZ 3\ THISEE L DR DA
42~63 THo=DITH L. LG1, 5. 71332~35 &/07x<, H# FOEOK
MI—HN—DOUNDORFHICEBEELZTNDEEZEAEND, B2 HDHE 1 Hi
TR L DT, BOBNDIZNEBEBIIHRITNS 1 - —Z2RAT DT
THHEHBOHAELERNKESELEDLDILHHD., MITHENLEELRWV, ZT0
ZENS, HEMKEOEDHEDLEIZIZDIR< & 50 LA LD BN & EEH

CEELTWLIRENDD EEZ 5N, £z, LGl & LG5 EEEETR
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HRxR130, #IKIZHBWNWTHHBRHEOHFEEIMELS, LG1 IFFEHEFIZL D LRIM%

MR ZHEEH T, LGS IIKER TDNAFEZA T 2RO ERTRAK 1 HFIC
MY HEFRS o, ZOZERY/ LBELEOMNORERICKEE S
ATWBHZEEFRBL TS, 1272xWF1680) HK FOE O % X SITHEMS
B, BORICLBMNBOLZEMDEEEZHRT LI ET, BENEZCT NHE
Bz FE TE 5l etENE N,

[272xWF1680] #¥ Lo~ 705751 A —hH—E2&T
'HRxR130) #1 b D[Rl —#H B IZER L TV /A, RFLP X —H—13 16% D
¢cDNA 7O—TNRIDEHE LITEMIBD TSN Tz, T 1 DD
cDNA 7O—T N 5RIBEINEZEBEDON RIZDWTEN RERESEY—H
—EBRLEZENZELIZEEZ NS, £z, RFLP ¥ — 7 —IX DNA Wl
&5/ [ DNA ORBITLVERERINT DI ENS, PCR EXN—A LT BT
A0 F 54 =N —ITHRTERSEFNZHT HRHOFAEENE <,
IDZ&® RFLP X—A—RZLEEBITMED TSN LIZBEGLTW
HEEZ LN,

W2ETHRBLARFLPY— - 70857514 hx—h—i3Ed
KERBEMIH L THAREMEERL TWER, 17085514 kI —5
—DHNERENELS . ELBEM FOERMEBENLE L T, 5%, #ik
R—H—REFRIIMTEIY— I —DOEALZNS LTI 7095751 kY

—N—OFRANKVAENTHLbDEEZ NS,
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5. W =

BE2ETHRALEZRFLPB IR /70T 51 - —OEREM
NDOBAMZHONZTZSILEZANE LT, £R57H 7 0—NEERIZH
THIX—H—OBITHE 2 DOHEEMKM O —H —DONEBEOREEZRFL
7ze RFLP ¥—A—IZDWTIRE RN E1T o7 90cDNA 70— T D 74% 73
12 BRI TR B E R L., 87% N7 v B VHEM 1272xWF1680) &R UV 1 X
DN RERHLUZ. 1 7O0—THEZ007 LIILOEKIE 3.3 THD. &K 10.
B/MNI1E o.M 70T 51 hI—h—IZ DWW TIRERMIT 247 o /= 268
TIA =Y ETH 8B EKMTELRERL., 1X—H—HDDFHDT L
IV D¥iL 6.5 T PIC D f#IL 0.6 7257z,

RFLP #E$KZER L 7= [272xR130) £HIZDODWT, 17085
T4 MMREEEAIN—T B 177 T34 —XT7OLHMMEITV, &K
747.5cM @ 301 BEIZ X D EEMNX ZHEEL 2. N EOY—H—fEZT T
08751 MIKERBLZEZ A, RFLP X—H—IZDWTIX 16% D7 O
— T HHREICBNWTERRESEBICMB O TSN TWE, —4, 17O
Y754 b—h—IdMEEHMmMIC BN T2 TH —E#EBIMAED T sz,
RFLP ¥—A—&XAM 7085754 b —A—EEbICEFEEMICHL T2
REMEERL TWEDN, 470857514 h—h—OHFBNERENEL .,
FoEEE LOEBERMENZEL TBD., FRENELTOT—H—DEAL
ZR5 LTI, 12085751 M — I —DHHNLDAENTHE5HDEH

AN,
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FT2H THI/7O-NOBAMHICETSQT LM

1. % 8

DNA "—h—ZHWEERBEELL TERBFEINTNSDIX. HHE
HIZEE59% DNA ’— W —Z2AWTHEFRBEMDEHKZTTS MAS (Marker
Assisted Selection) TH . FiZ, WEPLA ML AR EHDBHEIZEAL T
BEOBLTFAREEG L TWLEMELTE (QTL: Quantitative Trait Loci) I
HBEIZRBEEROZEEZRZITCTL, REMTORNDEBERPRETHD,
DNA ¥ —/1—Ii2& % MAS WBHR OBRLIT DN B EEZX5NTNWS, MAS
ADFE 1 ABITRIKIH NS DNA Y —H— D%, Tiabt HWBEICE#ET 5
DNA *—H—DOBRBTH S, —MIZ QTL TZXHINTWHHEICHEET S
DNA R —H—O®RRIX QTL B EH I N TSN, QTL FTiZidn< Dho
FENGET 2, BOHELITODNTWEHERA V- NIy ESTETH
B8, TIUTESHX & HH M ZERR L 7= 8% A W T QTL Z X Fiz
MEDITSAHETHO. BEICHE T2 QTL O, #E MK FOME,. BN
RN ZRNT S EAMRETH S (HBH 2000).

BN S ITBARTAE L 24N - EEYMES A ML At L e RS
no (LEEREPEYL > F—. 2001) . FTHEYHMA ML X, ThrbEHK
FIZLDHEBIILHED 3~8 BE HED TS LA XN T 5 (Novosiolova,
2002), BAHIZECSRDEELDFEFIIEFT FITBWTFDOOH (Sclerotinia

trifoliorum Eriksson) IZX > TRAET HEEW TH S (Baldin et al 2001),
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BRI L =D BHEE FTHRAICETL. BEORMERIAEBO LA E
EBIZ-KICEERHENKERIEKT 2 (BRA 1959), ABICHBNT. B
FIEFIEIIRERE IR T 5 EREFNEOARST, EETOBLAELED
BARBRERVPEAGLTWS EEZ 0N, B BELGFREILQTL THSHLHES
nNTnsd, —Fh., BEAMICEES TS ERIEEMI A ML ARXWEETH O, it
FHEbEZ QIL KXEINDBETHI2IEN/HSMIIINTNSD
(Alonso-Blanc & 2005) . LM LIRS, BHEL X)L TOT H1 7 O—/)NDiitK
HREIIREDRENHEILINTB ST, BEDE I AFHHNIEFITHL W,
UEOERNSAH TIREBREIEEZPLE LIBT3
th DNA X— W —OBEOBRIIDOAT v TEL T, 2 DOHESHMMERER
[272xWF1680) &N THRxR130) ZFIAL TINS5 OBEIZET S QTL
BT EfT o 7. E-AEIOHMMOULBEREZ D EIT, 2 DOFH#EMK LIz v E
TINE QTL OALEZ LKL T, BR5MAERHICB TS QTL REHOEZR

2R LT,

2. MEBLUH B
(1) RFLP ###XIC & 2 ftT

92 BEOHE 1 HiTHERL - 158 FEIZK % RFLP @i &L
272xWF1680) ZH\WT QTL#ti2fTo/z. MITRHADOEMEEZH L KX
I RICK ML, LBEEENA L S — (UUTILERU. ArfEsilig
M) BLAREROST T4 UT LAGFEHEMZER (LD 4 UY LAWE, Frith
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o7 - EAZ THE) ICB8WTRENMEZTT o . MEGRTIZET 5 BHE il
HHBLIOBTITHWEY A7 0—/NDBEREOE%E Table 30 IZE &0 7=,

T4 )T LA TIREZFEOENB L VES TOREREIIERE 2
To7z. BHNRE TIIHEAER 36 EKICDNWT, S trifoliorum DEEKR%EHE
ORMEZARY hL, 14-16 EOJTOXF ¥ 2 N—NIZ—HMKEL T, E£DOHE
WEEZEHL . BSREHITER 59 4% 6 X% 2001 £ 9 AIZHEK
FREBBABHEL, 20024 4 ACHRERROBREEZENL /-,

LB TIZ 2000 £ 6 AICHITERZ 1 RE TEBBHEL. 2001 £
AEERICEROEEREZIT., HEMTICIORAKEISEZREHL TH)D
HIGEEZME L /2. 2001 4F 6 A IZEIFE IR LEBICHERHZ 3 RIET
BEL. BFEOME 2 AMRICEXZHAIEL &,

QTL o idfE T/ 7 b7 7 MapQTL ver4.0 (Van Ooijen % 2002)
%W T Kruskal-Wallis analysis (Lehmann & 1975) BXUA > —NIL
< v E>% (Lander & Botstein 1989) %{F>7z. Kruskal-Wallis analysis &
FEFBEROEREF AT THESIEER—RALELTY—h— L BEDORR
ERITEHETHO. 427Ny B THRITEGEMRX OB ZRE L
TwAEEN—RIZ QTL OEMERERINT 5HETHS. QTL RILHOHE
i Kruskal-Wallis analysis TiZ P<0.01 £ L1 >4 —/\)L' X E > 7/ Tid LOD
227 £ LT, WEICKDRHFEN—H L 258 %Z QTL ORMEERE L,
BB, A=) v E SO LOD EDOBEIX Van Ooijen (1999) AERK

Lz Ial—raELDEBEHLE
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Table 30. Summary of experiments and statistical results for Sclerotinia resistance and winter

hardiness in 272xWF1680 mapping population.

i No. of
Year Location rrf:fr:z tested Nioe/a;n (l\/Ili{r?IIVgI:x)
genotypes ? )

Sclerotinia resistance

Laboratory experiment” 2003 ARWFCI  SRL 36 38.7 (11.1-70.4)

Field experiment? 2002 MOSCOW  gppp 59 25.5 (14.8-100)

region

Winter hardiness

Green part ratio of crown (%) 2001 Sapporo  GPRJ 139 7.3 (0-59.2)

Plant height in early spring 2002  Sapporo  PHIJ 152 6.3 (2.0-10.3)

(cm)

Y Attacked percent on leaves.
? Attacked percent on crown.
% All-Russian Williams Fodder Crop Institute.



RFLP #SHMIK AL E DV 537z 185¢cDNA 7O —T DI —4 > A %47
W, iREEBI A ML AMEICET 2BET & OMERBTZTT o2, 100
FO—T O —4 > ARG S AT LAY A T2 A#IBNT ABL Prism
3100 Genetic Analyzer iZ & U BigDye terminator v2.0 (ABI #) ZHWTHr
o7, 35 7O—T R RSP /) IV AR — (FAINAFH) ITBW
T MegaBACE 1000 {2 & ¥ DYEnamic ET dye termination v + (Amasham
bioscience 1) E W TIT o7z, > — 7 AR AIRFE DA Z21TVY. BLAST 7O
75 LD BLASTX Z W TRHT — & N—Z L OBEAEET & OHFEIMEFAT 2
fTo7. F7. RFLP ##MK Liz7 )V 7 7))V 7 7 Ottt ICBEET S 2 DD
B & T & fi SICAS (Genbank accession No. L13415, Wolfraim &
Dhindsa,1993)3 & TX MSnat (Genbank accession No. AF439379, Ivashuta &
2002) ZEfHLEDJ7/. SICAS & MSnat D 714 ¥ —ESlXZThTh
5-TAGAGGAGTTGTGGACAAGA / 5-TAGATACATGAGGTGATAAGA B X

' 5-GTCAGGCTGGACGGTCG / 5-GGATTCATACTCGGGTGGAG TH %.

(2) *1 709751 bESMIT L DR

B2 EOE 2 HTHER L %M THRxR130) & 1434 Bz X571/ O
Y771 FESMKEANWT QTL T 21T o, [272xWF1680) £Hick %
fRAT E MRS, SEREZELAREZIIMFREICI DAL, T )T LA
BLOLBHICBWTHENMGZIT > 7. BEMMEICHAW T A O0—NDY

O—>8IdT 4 U7 LA 96, ILEWN 188 TH 5.
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T4 YT LAWTIE 2004 £ 9 HICHERBREBIUVESL £ 5
(Fusarium oxysporum) REBBIZZTNTHN 6 XHE TEAEZBMEL. 2005 4F
5 ACEBGORBFEEZENRT S &EEHIT. ROEFER) SBAZHEL 2.
LB TIZ 2003 4F 6 BiZ 5 RETESGEEEZBMEL. 2004 4 5 A ICHBEA
EhittZz 9 BrREDFF A (LURHIE- 9  JWEL) T 2005 4F 4 HITEAHZ 9 &
DA (1HB35-9:M5%8) THHE L /2. QTL DO#kHikIX RFLP =X 2 /i
T ERRTH 5,
H3EDE 1 HI CTHMAEL Z 301 BIZX 5 M272xWF1680) H# M D #
#i (197 RFLP B8X TN 98 <1 7 0¥ 5 51 hEE) ZRHWT, 272xWF1680]
HMIZBIT 5 QTL OFHMT 2T o7z, BITICHWERE ST — 413, RFLP #84
WKIZ X BT TRHWET—F LE—TH 5N, BEFROBUIIRZD., B
FENRED 26, BEERBEIGBREN 45, BROBRETEIGH 86, LN 8875
oo RHENZ QTLIZDWT, HiETHERL ZEEBNKIZLI DY 70975

A M ED QTL & DALEZ L 7=,

3. & R
(1) RFLP BigHRIZ &k 4T

Table 30 IZEH B X NELAHICEAT S BEBEOBMEZRL 2. WA
DRESFREE (T4 V7 LW 1. BRRE T T 38.7%(F K 70.4% . &
/MN11.1%. 272:42.6%. WF1680: 50.0%)Tdh 0. BIEMRE TIIFEHT 25.5%

(&K 100%. B/h14.8%. 272 : 33.3%. WF1680 : 33.3%)ThH o7z, JLEH
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BT LRFEROROBRETEIGIITET 7.3% (K 59.2%. &/ 0%, 272:
11.7%.WF1680:20.2%)Td U , B I T 6.3cm(FA 10.3cm. H/) 2.0cm,
272 : 8.3cm, WF1680: 11.1cm) THh > 7. R TOREIIMTERANTHBEEL T
WH5ZEMS, QTLBTITHEL TWA LY L=, FAEZfT o ZHERBIZB W
TETOMAGHOR THELZMHENRD sN/sh o7z (Table 31) .

Table 32 H& U\ Fig.12 I RFLP BN FicRit S hizg &7z QTL

(1> —=N)<vE>ZT LOD22.7 » D Kruskal-Wallis analysis T

P<0.05) Z/RL7z. RSN/ QTLIIBEIT7TDH 0. ZONRIIEAREIZ
X BEBURESIME (SRL) I2BL T 3D, EBMREIC L EFEHiYE (SRFR)
LT 1D, %hoRAEEE (GPRJ) IZEL T2 D, REOKL (PHIJ)
CBLT1DOTHD., BREDBED QTL AFE—EFTICRIENS Z &idh >
T EHBRICADE LG LITRIEEN/Z QTLAI3 DEHEDHE <. DWW TLGL
FD2DTHo7, LG3 & LGT7 LiZIZ QTL i E o7z, ROBIED
7 QTL I3 EBREIC & 2 BRI T, RBEBOSEICH T 2 FHAZIE L
82.6% THol=. RHENETDOD QTL ®> 5 5 Did WF1680 4 73 QTL
T, EROO 2 DIIWmBICIER QTL TH D, 272 FENZ QTL 3Rk iz
mo7z,

TIVT7 7T 7 OitEEICEET S EMEE TN S5REH L2 STS v —
H1—., SICAS & MSnat iZFNEFN LG6 £D 13.8cM & 34.7cM IZHET1F 5
N7z (Fig.12) . cDNA 7JO—T D> —4 > A& AW HEEMTIZB W T, X

MRS 2B ETFESVWHREZ RL T O0-T139 D% o7
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Table 31. Pearson phenotypic correlation
among traits in 272 ef WF1680 mapping
population.

SRL SRFR GPRJ
SRFR 0.221
GPRJ -0.159 -0.071

PHIJ -0.118 0.129 0.071
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Table 32. Summary of significant QTLs affecting Sclerotinia trifoliorum resistance in
laboratory test (SRL), field test (SRFR) and winter hardiness estimated by green part ration
of crown (GPRJ) and plant height (PHIJ) in 272xWF1680 mapping population.

Trait QTL Marker interval  Peak position .
Maximum EXP %" Specific site?
: LOD
LG cM
SRL SRLa C1568a-C1552a 2 58.3 3.8 40.0 WF1680
SRLb C2428a-C1430g 17.7 3.3 41.4 WF1680
SRLc C1965a-MsnatB 6 32.6 3.0 51.5 bi-parental
SRFR SRFR C465 1 0.0 3.0 82.6 WF1680
GPRJ GPRJa (C1407a-C1528b 6 55.7 4.9 18.8 WF1680
GPRJb C1528d-C108c 6 75.9 6.6 29.9 WF1680
PHIJ PHIJ C1579a-C461b 1 102.0 3.0 12.4 bi-parental

D Percentage of the total phenotypic variance explained by the QTL.

9 Maternal (272) or paternal (WF1680) specific sites detected as significant QTLs.
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(Table 33), 2315 D ¢cDNA YO —7I12H3#9 5 RFLP Eid LG3 LiZ 10 B,
LGl FiZ 2 B, LG6 iz 2 ., LG7 LIz 1 BB PIED TNz, /2. 9DOD
552007 0—7 3 RFLP EENENREIZX 2 BmEGiiEICBEd % QTL %,

1 D07 0—713 RFLP B %D AEISIZET 5 QTL #RH L 7=,

(2) 1708751 MEEMKIC X S HHM

Table 34 IZFHli £ 1T > WEHMBEDOBMEZ R L7z, T4 U T LAAWHIBT
2 B R R B 139 T 66.1% (K 100%. &/ 0%. HR:71.4%. R130:
80.0%)T. £b x DWEMEEIXEE T 15.9% (A 100%. &/ 0%. HR:
14.3%. R130:20.0%)TH V. EEWRNED £ SHWITHRTEHEL Tz, #&
L BOKOEFRIIFEE T 18.0% (A 100%. &/ 0%, HR: 14.3%, R130 :
0%)THh o7z, ILEFHIBT2EBRETNE (9 BEFR) 13FEHT 6.8(&K
9.0 K&/N3, HR: 5, R130:5)TH V. #AHE (9 BfEFR) FEHT 4.0(&K
7.5. &/N 1.0, HR: 3, R130: 2)Th o7z, ETOHEIIBITERHAN THEI
BLTWDZENS QTLMITEITD ZEMNTED LHMIL 2. BABROKER
REFRRBRE, BRRRREREED 2 DRBREOMICIIA R /MR
D 5 NI DMOEEMICAHBZBERITED sSn/zho7 (Table 35),

RA 709551 MESEKIZEL S QTL M TR REIZBWTEHK
DEER QTL MBS N/~ (Table 36) . LA TOBEBIREYIEICEAT S
QTL DA 14 THRHEL, RWTENSTZDNT 4 UT LAAMTOBRDESRF

FEHBREREICBET S QTL TENZEN 10 TH o7z, ES £ DWEHREIC
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Table 33. Result of similarity search between cDNA probes and candidate genes related to
stress tolerance.

Probe Accession No.” Candidate gene Score E-value  QTL?

C675  U21105 X.la.ews mRNA for cortical granule 1,804 0.0 SRL
lectin

C1961 X52953 PAL1L: phenylalanine ammonia-lyase 1 1,265 0.0 GPRJ

C1965 AF403292  ~KIPL:RNA-binding protein by 577  e161  SRL
abscisic-acid-activated protein kinase

Ci16 M97476 Pisum sativum L. aldolase gene 1,423 0.0

C618 X82626 Pisum sativum alphacpn60 precursor 137 0.0
mRNA

C2139 AJ311087 stsl : Pisum sativum mRNA for 389 0-104
stachyose synthase

C1551 Z37540 P cats ENA oncodi o 1,104 0.0

C559 737540 .sativum m encoding arginine 2.520 0.0
decarboxylase

C1942 737540 2,675 0.0

) Genbank accession number.
? Significant QTL detected by the cDNA probe.
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Table 34. Summary of experiments and statistical results for Sclerotinia trifoliorum
resistance and winter hardiness in HRxR130 population.

. Estimated . Trait No. of Mean  Range
Trait car Location name tested %) (Min-Max)
y genotypes °
o
Sclerotinia resistance’ 2005 rggsf:: SRFR 96 661  (0-100)

Sclerotinia resistance? 2004 Sapporo SRFJ 178 6.8  (3.0-9.0)

Moscow

Fusarium resistance” 2005 . FRFR 96 15.9 (0-100)
region

Winter survival® 2005  MOSCOW wep 96 180  (0-100)
region

Winter hardiness? 2005 Sapporo WHJ 177 4.0 (1.0-7.5)

D Attack percent on crown.

? Rated on a scale of 1(slight) to 9 (severe).

% Survival rate of clones.

9 Rated on a scale of 1(susceptible) to 9 (hardy).
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Table 35. Pearson phenotypic correlation among traits
in HRxR130 mapping population.

FRFR WSR SRFEJ WHJ

SRFR 0.615** 0.706** 0.011 0.136
FRFR 0.124  0.023 0.085
WSR 0.034 0.095
SRFJ 0.007

** shows significant at the 1% level.
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Table 36. Summary of significant QTLs affecting disease resistance
and winter hardiness in HRxR130 mapping population.

No. of QTLs LOD Exp(%)"

Mean Range Mean Range

Moscow Region

SRFR 10 3.6 3.4-5.4 24.9 23-64
FRFR 2 3.3 3.0-3.8 19.1 13-18
WSR 10 3.6 3.9-4.1 25.1 29-37
Sapporo

SRFJ 14 4.7 3.3-7.2 13.6 9-59
WHJ 7 4.7 4.1-5.5 23.2 10-18

D See Table 32.
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B9 % QTL O 2 &A7ho 7z, EREA TR E N/ QTL OO LOD
fEid 3.3~4.7 DREIZH D, ERBEYSBIIHT S2HHABIGIT 13.6~25.1% D
ZHole MOBIROREVWQTLIZT 4 UT LAARIZBITEHROAEFRT, £
DHBABIFIL 64%7E o7z, T4 U7 LABHI BT 2B R RERE S ILBIICS
T 5BAEDOHHBIEN 10~18%TH D, FIROKEN QTL iFRH ENah
27,

Fig.13 ICHE#E X LD QTL DA EZRL 2. &HE< QTL AR E N
7o ESHREII LG6 T 12 @ QTL i E iz, KW TEZ< O QTL ki iz
DITLG2 D9 D& LG3 D 8 D57z, LG1 & LG 7 i3 T iz QTL 04
Ylamolc. EEME EONW ONDOBEBIZENWTIIRE ORI S QTL AF—
AR E N, FIZ LG6 @ 35cM FHEIZIFAL B OBLHEZER< 2T OR
HO QTL A& & 17z,

[272xWF1680 £ {2k % RFLP ##iiXic~v 1 /7 0¥ 5751 h<—
H—ZERITHEBEL MM ZHWT THRxR130) £HIZL5~v 17087
T4 MEEMK E QTL O EZ & L= (Fig.14) . [272xWF1680) #£HIZ
PBWTITESHHB L DOBEOEA 158 NS 301 FEIZHEMLZZ L2k, &l
SNz QTL OEMEF RIS T OBAHOWE THML 7= (BwEt
CREBENBIVESGREORERE, BAMIZIHKORAEIGERFEORLZS
#) . THRxR130] #£H & [272xWF1680) #£M D QTL OALE % l#gd 2 &
% < OEE T QTL AIE T DB E DT 5N Tz, KT LG6 & LG3 1T

DWTIEHEAIZBNWTE <O QTL kit iz,
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8¢1

Moscow Region Sapporo
- WHJ | Winter Hardiness
i Winter Survival l 10cM
Sclerotinia Resistance Sclerotinia Resistance I

Fusarium Resistance

Fig.13. Localization of putative QTLs for Sclerotinia trifoliorum resistance (SRFR), Fusarium oxysporum resistance
(FRFR) and winter survival rate (WSR) in Moscow region and Sclerotinia trifoliorum resistance (SRFJ) and winter
hardiness (WHJ) in Sapporo on the HR X R130 mapping population. Significant interval QTLs are indicated by squares
with characters.



LG7

Fig.14. Comparison of putative QTLs for Sclerotinia trifoliorum resistance, Fusarium oxysporum
(FRFR) and winter survival / hardiness between HRxR130 and 272xWF1680 mapping populations.
Left and right bars indicate linkage groups of HRxR130 and 272xWF1680, respectively. A linkage
map of 272 X WF1680 is based on a re-constructed linkage map with 196 RFLP, 98 microsatellite, 1
STS, 4 RAPD and 1 morphological loci. SR, FR, WS and WH indicate putative QTLs of Sclerotinia
resistance, Fusarium resistance, winter survival and winter hardiness, respectively. Green part
ratio of crown and plant height in early spring are represented as winter hardiness. Blue and green
squares indicate QTLs estimated in Moscow region and Sapporo, respectively.
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4. ¥ ®

BRIIT N7 0—NOREEHTH 2R EHHFHICBWTEERRE
THo, BEHERBEOFRISETRAASNTE L, TH I O—NOBEKRIE
PitEICEAT 2 BEFHBMBILINETIEEAERINTIRMh o720, B
BB ORBNSHERGTICAT I EFERTEIEERET. 2ROEREFHE
HELlLTwaEHtES N T, ZROBEGETVEETSIENWDI T EIF, Tb
SEIIHEORBENREEROZEEZZITCTVWI EE2RBRLTHD, B—8
TOWET—ZIZED< QTL AT TR E iz QTL 2SEET 5 Al fett s
B, FOEDIT, AHTIIRZRS 2 RBETHSILEMEDT T - AT
RN ET DT 4 VT LAARITENWTRE DM 217 - 72,

AL R CIIE ORI PR E BB 220, BoRIE PN O Ffi I E
RFIEEIZXOIT- M, BELRREFANARD SN/2DIE THRXR130] £ OBHE
BEQOATH o7, £, T4 UT LAPHIBITS 1272xR130) £ ZEA W=
B ETERE IZH VW TIIENRE & BGRE OFFROMIZIIAZE MBI
72<. FREICBNTHEBIREIIEORE L2 MIIRE TH o 2. BER
BRENDELS ~ERETHEHRCEL WBEZE5X 50, ZOREITIIHS
. HEBMCRERORJIREHR ERLABZERNEZET S (BES 2001b).
RENORGORES LREFRNNG X 5EBOKZ INVERHFEIEORE
L-sHliZz RE#ICL TnWd EEZ 5Nz, £/, THRxR130) £HATOERX Y
TIZB T DRI S BA B OEGRAFERB LUEBRENEEEE £ S
WETIEOBIZIIABRMHENED SN2, ZOMOBERICITAZRER
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MBDENBM I ENS., BREFOARS TEBLALIZETSEEIT—RIZ
HREOH SHMNHE L WEBEDbN D,

BAMD X UOERRIEGEICET 2 ER QTL ORKIIHITICH Wiz
FMPIZ X ORI o7z. T272xR1301 RHIZEBWTIL 158 EEAN 5725 RFLP
HIEMKIZ BN TR S N/z QTL OKiZ 4 DOFFEEBEICH L TEETT D
THHODIZHML, A—EATHEBEICED 301 LR > ZEFHMK TR
HE Nz QTL OEMNEET 20 &l /z, £z, 1304 ) 5725 THRXR130]
HH O X TIXEA M S BEORICE T % QTL ORI &HMEEEIZDWT 7
~14 8D QTL AR I Nz, A EOKERIT. v —h—FE O E M
B3 B DR WES I LT QTL ORI E N EE2RFBLTWNWS, —
. BEOEY THRxR130) £HOEFHMMIZHNTHEDS & SREHIEICE
9% QTLIX 2 A &Dladm o7z, 2TN5 D QTL D27 HIZH T 2F 51T 13
~18% &<, SEIOFN TIIRH ENBN o2 QTLNRZ S EFHETHEEZXS
N5, S L OWIBAEANICBNWTERBENSEL TW2b00, F
DEREN15.9% EBEN > 7= Z ENQTLOBRE NI DEIIZEEL TWisEEX
57z,

BRRIEGIEICET 5 QTL MTICDWT, 7hH 70— NOFEETH
% S. trifoliorum \ZBA T 5 |EFIIRNVBOD, FETH S S. sclerotiorum 1
HIZDNTIEN DODHE SN TS, Arahana 5 (2001) 351 XZHNWT
QTL ##r 21T\, #HPIHEIZBEIL T 28 %@ QTL 2R L7z, £0fth, X

77U (Bert 52002) . 7% (Zhao 5 2006) THbZENZTN 15 BLUN8EL
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D QTL BRI E N TS, AFHICBWNWTH THRXR130) £HATEROEK
WEHHICEE T 2 QTL AR ENTHB 0., S. sclerotiorum EH i IZEAEG T 5
QTL th DR E—H LTz, F/o. BmEHHICESET % QTL O D%
i, EHHICEIZHOBEFVNEG L TNWSEVS FRERORKOTFELEL —
95,

QTL 2% S N7z THRxR130) EMATITHEBEMK LN DD
FUHIZBWTHBEANRD SN o BB OEBE D QTL AN FE — A TR E 311
Jzo TOEIRERITILGE ETHBEL. LG1 & LG5 ETEHBEDH NN
oo Eie, K ZFHAL T 2 DOEMARBO QTL O EZEKEBELZEZ A,
%< OEET QTL ASHE T S HIBMICAE DTS NTH O, RICZEDOHHMIX LG6
& LG3 TEETHo/=. LG6 13 RFLP E#HMKIZBNWTT IV T 7L 7 7 Diit
BHEICEAT S BMERTAMEDTSNTED. LG3 A ML AMMHICEET
LBEFEY EBOHENEZTR L7 cDNA 70— 7I1ZH¥ 9 5 RFLP ER LK
MBS SNTWE. BMEDZENS, LG6 & LG3 Rizid@&ticl5 3 28
BT NSHET L TWDAREMARE S Nz,

BAHIZEL THBEHOEWHEZT O DXL <. AHIZBITSHE
M BRBEAGN S TZEEEVEWL, — AT, HEANRBD SNBN > TEED
HHEE O QTL AR —AfICRE SN2 &ns, BEMEZEREITS &
THBELTRHELTWS QTLEZRN R ENS BB ENTRETH D EZEZ SN
fzo BAHICEET % QTL XL HREMET 54%, B~ —H—OBRRITIAANEZ
ZRICAND EBHRE L THRET 5 QTLEEN SfTo T T ENEEL
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WEBDbNS., AMFEOKRIZ. BED QTL NFE—ETicRHE 17z LGé L
DEHBABRLHEITHET LR — I —OBRMAEBEE L TRDE NI TDH S & HIE

L7z,

5. % =
HRR it 20 & U BAHIZB T 258 DNA ~— 1 —DBRED
BAIOATy 7TELT, 2 DOESEHMBMIERER [272xWF1680) B LN
HRxR130) Z2F|A LTINS OEEIZEAT 5 QTL 1T\, WEHAM D
QTL OfEZ K& L7z, BAMITREOZEEZZIICTVWRETH LD, B
HONBIIBERERRE Y — R BLTEOT T T4 U7 LA
BHEREFERT (O Y - TR THUB) Tro7z. 1272xWF1680] £ & RFLP
EEHX 2 H W T 4 DOMBEERICA B HABEIRED shah o 7z,
T, RHEN/Z QTLIXEE T 7 D72 o7, THRxR130) £HE~ 1 7 0H T
T4 MEEME A A WS T 5 DOMMEEHB BIZB W THEREERE (7
4 VT LAWE) BBEAYE (T4 )T LX) BXUOESL 2 OHEHNE (U1 U
7 LAW) EOMTHEEBESMBEZRLZA, TOMOEHEMICAHBE/ZERITER
O ENIZNo Tz, BERESE SBAHIZET S QTL X&HLEEICDE 7~
10 @S EBRH I N, FAHBORWEROEEIZDWT QTL A3 E —EAr
KEBMBEOTENTHED, ZOBEMIILGE THETH -7z, ¥~1 70855
A —h—Z2FHALUTHERBEL L 1272xWF1680] £ H O #H#H X &

'HRxR130) ®MHOEFHMK EIZRiIE Nz QTL OfEZE&KLIZEI A,
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% < ORURT QTL 3%IS T D FRITME DT SNTH D, FITLG6 & LG3 T
ZTOHEANFEETH o7z, LEDOZ ENS, LG6 LD QTL IFMAMICREET 55

EX—H—DEMEREL TRDENTH D EHWL 7=,
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REER

ARRERE BT OHEEOBMBERIT, FMERAL LEARWILEEIZ
BNTH 54% LK<, FEIEHTMN LICIIBAER D20 OFBEEROM L
PRBATHDHEINT NS (BHKESR 2006), —7. WMEOKELELENEK
HEWAD D ERICZRRANOERD 217>/ L TH, LLBEOHRRKOE
HIiZH1F % TDN (FI{HEESHRE) BiarlElal 2% THo AR INTH
0. REEENN LEOZDITIIT ARMMEDHEN RNV (L R BUT
2000), LrL7a2ts, BHEDRBEMOS ARMEOE S IXILEE T
10%THO., BEEGLEIND B0%ITHENTENWI ENS, BELTRETE
527 A7 O—NEBOERNKRD 5NTND,

REBEEMICBITET 7 0-—NOH G FREORECRIEEH
KEXVEFHTD, BEAXRREDFZEAENTFEL —THHILBBEIZHNT
BFES—ICHTIHENOEEINST A7 O-—NORENPEEIN, ZDZ
ERIARBEDORERGZ2RBOEIRHFERD—D Lia> T (A 1998),
FEMRICBNTRARKKICIOFRLZRE (YY) & YA 7o—-N
DEERZIIH L THROEERBATH 2AHEZHR L. ADOFE —ITH
TORBEEZEHOHETHD ., FREMO T ARBEOR S LICHIKY
5 ENRENS,

RREBHEIRKEOPITECHIEHMEZER L X IEKEZT D I &M
5, HEXFIEEREMOBEREICHNRD EHRORNWEKIETH D EITNWATR

WAt BROBEERDET Z & THRENEBAEECREKOBETS -
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FREBEEERRTESZEMHEN LRz, —K, [FYY] OFRICIE
20 FHOMAZELTBY, HRMBFBOEENELL 20 EXOTRELERBL
TEEAEEZRETDIENEL WEHAEICBWTIE, K 0PRNGEREDH
RNHBSEEND,

DNA Y—H—3FBON R EHET OHMNE L TE DEYTH
HEINTWD, DNA R—h—ZHW/EKR, MAS OFRIZDWTIL Koebner
5 (2003) U TOMKRITEELDH TS, §72b5, 1) BEREMEL, Bk
ANEHTERBRIC L BBV RETH 2 HEDOREEON L, 2) HtEiEE
FRXEINDIHEOR LZHERNRN 5 0RHK, 3) MEHEGTFOESIT
SR EDHEHDORBDIRHIHTIMMEDME., 4) ESIF 4 2 T%fTS
CEDTELFERBMOBETH S, 77 O—/)NIXmMBERN DL BN AR
Db ENEEINTHD Milligan 1991). AHRITBNTHEFE L 7= DNA
Y- IRBRENREZRIBD SNRNh oz, TNIIRBABMOATEKT
HRROERIEN,. BEEHONLL TWBEENOEN 2T EEKL T
ZIZTERN ORI EERBLT NS, LENRST, 7H270—-NIZBWT
DNAXY— A —DIEEVBROHRINDDIIMAS D 4 DOFIRD S E NEEER
MEL, BERANER TRERICE 5B KDHETH 2BE ORI EON
kI THAS.

P39 % DNA X — /1 —ORBECHFEIEAD MAS O ARABFHITDWN
T, RO ERBENMEMORHICL D RAB>TWEDERUL XS ITEY

DEYH 2B CHENRRBRICEDETEIA TV LENH S, MAS ZH W0
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EEOEDHEL TRENZRDDIZ Peleman 5 (2003) MRELTWD
Breeding by Design™ WS &N H 5, ZHIFREEMICH LU THEREIC
BHO22TOBGRFEETLIOIERX—alzZ2HENITHENIEFZ
AFTHO., BRI —H—DHSNPT N AFLP v — 5 —Z2 LI EE E 7R E
W EMERL., FREMICHTISMBERNEZ KRBT O LEDIT, FHMDIE
HRBET - Qi 21T EVWD FEICEDVWTITD. ZOXIBEEHF
BORBENEL., FAATIEEEMOBGHMNIZIZHESNTND T RZED
EVIZBNWTIIEDTH LN, FEERMNOLHENE L, HMOHEETNE
SNV RBEHOFMBEET — Y ORENRETHLTH 7 O0—NIZ
BNWTIIEBEERNTH S, L7zA> T, fFEAEENITDONTIE MAS OHLAAH
F1Z2 DWW T Breeding by Design™ D X & /2 B/ SIIRZIR R I N TR
B EDLIBBEDODNAR—H—ZHREL. EOX DB AETERLIZEE,
EDLIICEBOFTHWTWNSNENIEEEZEAS LT T HEND S,
THIO—NZT ) b EOSRDBEBENE VR TREBEEINSZ &
5. EHEICZRERNT I — 2L KART S LiIdv—h—0EAL
EHLEBETRIAVAECSBNNH S, TNLDITECFREBEAERBEMOE
RICEEEDLZY /) AHEBOBKROT—H—2EHRT DI L, HRMR~—
N—DERCIZEN S EEZ T, T, AAFEIZHBITS RFLP &< 170
Y7514 M= —ORRBIIHZ-> T, E4AVELGEFHERBEHKOT—H—&
1252 EERBEORMEELE, —H, BEFERIIZOMOEIRIZ 5XTE
FIORERRB NI ENS, —RICEEFEIBEROY—H —iZEFEREMICH
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TEHEBRTUNETSH 200, AMFETHRELLY—H—ZEBRMITHL T
TaRBITHEZALTH0., EAMICHEENIWI ERASN LR, &5
2. X470 57 514 h—A—ORRICHZ> TE, MO FENWTEEREN
EHBEELIBWT HO—ASI)IVTERHHRNATESY—H—ZHEL. BRI
BIZx9 5 DNA v — 1 — D% Ktk bHEEIZ ANz,

E# DNA Y —h—OHFBIZB N TR, —RICEHMBEL DNAY—h
— DB EME DTS QTL ST NEA OB E 725, BEDE W QTL F#T D
TDIZIFFEMARRBRMOT—F OMENRRNMERNESINTNDN, BEER
DEBEZTOPTVWHEAITEREOEWREARMT - ORENRETH S, &
ﬁﬁ%‘%c:ms'cb 2 WANZBNWTHRA RTFHEEZAWTERRRAE2RLE L
BAMOMEZIT o720, 1 FEALDOHMEEEDOEHEM THENED S/an
o7, —4. QTL #1755 EHEDOBWFHERE D QTL 21 < D OHEIK
WZBWTH—ERIMB D 6N, BRARSERMHAROEHEMKIZBNTIIEN
50 QTL EMBEE MG DTS2 I LN TE R, COZELEIREERNOEEEZR
TR TWEETHT —YRGZENS I ETQTLORMEBEZRINT 5 Z &4
AEETHBH I LERLTNS,

BRI —BREOFIBIZENT, HHO QTL g E#t L 2%I138
HIEE DA ZH OBEGTFRICER L ZEFREEEG TR (NILs) Z2/EHL. 4
O QTL DEA N iUl T2 O —RWTH 5, LHALRDS, BEEMENT
H1270—/)NTIE NILs Z1ER T D5 DIIARTIRETH BT EN6, —RKICANSNT

NEFETERS— I —DOHRESSICHLED THSDIEIARTETH D, B
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ZHETYII—a MR ED, EROBETENSRIERET—H1—
DT~ NS RBEEE DNA Y—H—OBREHNTT 2 FikE AW TEK
R—HN—ORHEZHLED T BENHDLEEZXSND, EHATELL
RA7 09754 b —H—RRLIBEFRICHT5BTHNE . E#H
M EDOMBHEEHNEEL TWEI ENS, TV — 3 UFENICEL TW
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Development of DNA markers of red clover (Zrifolium pretense L.)

and its potential to breeding

Sachiko Isobe

Summary

With the aim of facilitating the red clover breeding methodology
with the aid of DNA markers, DNA markers of red clover were developed and
their potential to breeding were estimated. Firstly, development of a new
variety and breeding materials of red clover (Zrifolium pretense L.) were
done by crossbreeding in order to investigate performance of conventional
breeding. Secondly, with the aim of establishing genetic/genomic resources of
red clover, RFLP ( Restriction Fragment Length Polymorphisms) and
microsatellite markers were developed, followed by construction of two
genetic linkage maps. Thirdly, for estimation of potential to breeding, the
transferability and universality of the DNA markers to breeding materials
and mapping QTLs related to winter hardiness with two mapping

populations were investigated.

1. ‘Natsuyu’, a new diploid variety of red clover, which was developed by
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maternal line selection program at National Agricultural Research Center
for Hokkaido Region and Hokkaido Prefectural Konsen Agricultural
Experiment Station. ‘Natsuyu’ was bred by random crossing of four maternal
lines that were selected from 44 varieties or lines.

‘Natsuyu’ has the characteristics of low competitive ability to
timothy and perenniality due to good overwintering ability. It seemed that
the reasons of the low competitive ability of ‘Natsuyu’ to timothy were lower
degree of flowering and lower plant height in the second crop. ‘Natsuyu’
showed better vigorous and regrowth in the early spring than ‘Hokuseki’ and
‘Kurano’. It was revealed that improvement of perenniality was possible by

maternal line selection within 20 years.

2. Zigzag clover (7 mediumr, 2n=80) and red clover were hybridized
and backcrossed four times to red clover (BC;, BC2, BC3, and BCy), then
assessed the backcross progenies for seed production and vigor under field
conditions. Both seeds and pollen fertility of the backcross progenies
increased as the backcross generations advanced. Female and pollen fertility
of BCswere 21.3% and 65.3%, respectiyely. When honey bees were used as
pollinators, almost all BC4 plants produced mature seeds in the field. Most of
the BC,, BCq, and BCs plants died by the end of the fourth year in the field,

whereas 61% of the BC4 plants survived for four years. The number of
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chromosomes in 79% of the BC4 plants was more than 28, which is greater
than that of red clover. Differences in leaflet size and shape between BC4
plants and red clover suggested that genes from 7' medium were expressed
in the BC4 plants. These results indicate that BC4 plants may be useful for

the improvement of the persistence of red clover.

3. To facilitate basic and applied genetics in red clover, a genetic linkage
map of red clover with RFLP markers with cDNA probes and a backcrossed
mapping population was constructed. The map contains 157 RFLP markers
and one morphological marker on 7 linkage groups. The total map distance
was 535.7cM and the average distance between two markers was 3.4cM.

This is the first report to construct a linkage map of 7rifolium species.

4. A high-density genetic linkage map with gene-associated
microsatellite markers was generated. A total of 7,159 primer pairs were
designed to amplify simple sequence repeats (SSRs) identified in four
different types of libraries. Based on sequence similarity, 82% of the SSRs
were likely to be associated with genes. The selected 1,305 microsatellite
markers as well as the previously developed 167 RFLP markers were
subjected to linkage analysis. A total of 1,434 loci detected by 1,399 markers

were successfully mapped onto seven linkage groups totaling 868.7 cM in
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length. Each genetic linkage group was linked to a corresponding
chromosome by FISH analysis using seven microsatellite markers specific to
each of the linkage groups as probes. Macrosynteny at the segmental level
was observed between the genomes of red clover and two model legumes,
Lotus japonicus and Medicago truncatula, strongly suggesting that the
genome information for the model legumes is transferable to red clover for

genetic investigations and experimental breeding.

5. RFLP and microsatellite markers were investigated with report to
their transferability to other red clover germplasm. The mean value of allele
numbers per a RFLP and microsatellite marker were 3.3 and 6.5,
respectively. When a linkage map was re-constructed with 90 cDNA probes of
RFLP markers and 177 primer pairs of microsatellite markers by
272xWF1680 mapping population, 301 loci were mapped onto the linkage
map totaling 747.5¢M in length. All primer pairs of microsatellite markers
were mapped onto same linkage groups of HRx130 mapping population,
while 16% of cDNA probes of RFLP markers were mapped onto the different
linkage groups. Therefore, microsatellite markers were considered to have

high transferability and universality to breeding materials.

6. QTL analysis for winter hardiness and Sclerotinia trifoliorum
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resistance was performed with the RFLP and microsatellite linkage maps.
The phenotypic traits of the mapping populations, 272xWF1680 and
HRxR130, were estimated at National agricultural research center for
Hokkaido region located in Sapporo and All-Russian Williams fodder crop
research institute located in Moscow region, Russia. Most phenotypic traits
showed no significant correlation. However, many of them detected
significant QTLs on the same locus of the maps, especially on LG6. It was
considered that the QTLs on LG6 were potent region where candidate

selection markers related to winter hardiness had been mapped.

In conclusion, RFLP and microsatellite markers were developed and
two linkage maps of red clover were constructed. The result suggested that
the markers and maps information have high potential to improve red clover

breeding methodology.
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