





A FEINZEB T HEORIEA N LA
Mt a] _E T 12 B 2 [E BRI FAF 3T

International Joint Research Project on Improvement of
Tolerance to Low Temperature Stress of Winter Crops in
Northern Regions

2006 & 3 A
March, 2006






Fr p's

IEEEEMEY A/~ e Ve FPFERES U — R, ) BE . SYRESEEERITTHCHEEOEE
BN L5670y FIFEPENRS LUSNSREER TER L TRIC W THRS T Ebin, f#
VTESHOWED D EITEONEMEESIIE T2 L8 L LTHTT 2L 0T,

IOERETTSL N3, LEEEEWEY A —Ra T, TAVN, KAV, AR, A H ) —D
5 [E 6 M oEFETER LE HEFBIZR T AR OEERER F LV ATHER R 2 ERER
) ORBEROELBI-LOTYE, A7 0 Vs y PR, BOKESERKERTESBEEROER
HEFEREHEEE o P/ FE LTER 2ENCER I6EEETOL » EMHBEICRLERELE
73, TRGTASRA OMIATEOE ARICEE, SERE 13 RELIERE, () B - YRR EEEEINN TSRO 4
Faos PREE LTERLTERLOTE,

21 HHAROKIBA A 2 AN L 2 B ORI RS S h o b, BERE bSO EHEE LA T,
HER EOHHD 6% % 5b b FEOERHEEOEZELEERER - O ZEREELRE L A-TE
T, tFBEOEERY THL 2 LAF T, RN ERICERIMES S AFEHIET I LA EERET
B, ThoOBERME G, £OBSICLOMECEERO#ECLVEESEELTEYA, iz,
TFETEEAEEST I OSHEIC OO TL, £AEROBCEERESLHEONTIC LV EERNTEE L2
EVHRIER A TOET,

ZoE oz, hFBETHELOCEOERSEESMEMEEOR L RERBBER CHO, AT s/
DEOFESRNT, TREK - TTSHEOERA F AT S RIBICIE LS B ORTE BRI RS
TEHIERRBERTETS,

F7o w2 bk, AFBEEEROEEOLENTFTEEE ORERTFED T, SEEOET B
UoNUELERT L T MIZ L0 fEOERA F L AT ST AR RO b F o BT o 2 H
RS LAREIIEHIRE LR, FOEERE. 2 AFABEMNAOTER, 2 2FONREE « TS
METo 710 7 - ARBRECTOEME T OEE - EOER, 7L 2 SRBREcTEEALE
S AFEEEREOIEL., DNA-——IC L5747 o— AOEEMEOMER., A —F % — N7 7 AOm
Wit MMEMERSHOBEE2FORESECRELE, JhoOBRCEESHL. SBROERAF LA
MR OHEEC R IR 20O EEE L TRV ET, £, 70 d=2 F T, B0 6 FEEE L
MOAFFU, HEHEL L LICEOMRETOEREFERLE L, 207 it SHOERNEMED
LRI oL O LB ORET,

FHEOHEI- S - T, 2LOBEREOREREICAR0E Lz, MROEEHEIZ 2O THERKESE
HRERTSHEERERFERIC., WEDHElo bz -TiL, B 0OREMEREMECHEOEH-,
NERRERMECA0E L, TR LTEESHSE L Ed 4,

FEREI8E3 A
MIATEIEAN BE - AV RS EEERITH IME
L EREMIEE 7 —TR
NF =T858






=== I PP 1
OULLINE OF The PIOJEct  «rreesrsssrrermm e 11
B o LAEOEBA b L ATHEE FEEHFORIEE oo 16
1 oA R AR R F L T TP IEZATODBEEE oo ooreore ettt 16
(1) BREERUATEE T OOMIREE. TIEREOIET oo 16
(2) oA ESTARHR L (ORI AT, TFEHEZAFOOBAZE  cooreorrrererr e et 19
2, FNs B REERE B TR OSBRI b A EATE o 27
(1) SLAXEOTLL 2 SREBERGRREOBIELMER a7
(2) 7nr 7 ERBERECTEA LOMEME, MEMREERS LAFOMEH 30
3. {BIESEEM: ELIP B TR AR AR L B EETE oo 34
{1) ZALAFOELIP BETREOBEIE LHERR 34
(2) ELIP BT E AL L AT M . MIEMET BN o S OOFEE]  cvrerrerrree e 39
B O AEEOEEA b L ATHERE FEHFORIEE oo 43
L e —t— 5FE L S OMHR L. TR SETIE OBRET  ooooeere et 43
(1) BFv—t—5FEHALET LT 707 7 OTEEERLERGE CRBIT oot 43
(2) DF=—t—FEHELETH2 a— SO, TIEEETE QBT oo 46
2 LY R T o b LTREE . TEEREE L OOBIARAEEE - ooooeoeeo et 51
(1) 1 2B EREEIEOTIE . TR DI L FI oottt 51
(2) T2 K7 74 FOOBEL TRERE. TIERE L ORIRRRET oottt 56
3N FT—t— . LT EEEERE L AT TR EE OB oo 61
(1) T, TS ARMEEETEIAIOIEETE oo ooreeeer oo e o e e 61

() TElmrHE . TR 2B BT TEREAOIEITE  coooorrer oot e e e e 66






o oE o E R

I MREREUTERR
THEEWR « TR 12 FE~F 16 F5E
TERRES | BkES BHokERRSE HRER
Mot e tiEEE (TRt 12 FE)
() B « SRS EE LR AT i
BEFEZME (P 13~16 F£F)
I EEHFESE
FE . iEEEEFHRER
FEREER (PRt 124F4 B~13F 3 8)
JSZATENE A BRI AL R
FEiH L
WAEE (PR 134F 4 A~15F9A)
JSZITENE A B - MRS EEEE
TR iEEREM T ¥ — TR
ZREAN (ER154F 10 A~164F 3 A)
FLTER (PRt 16 F4 B~17E 3 A)
HiE Y —F—
B RERRGAL T BEFRE
NFEFE (ERe 1244 A~13 F£3 A)
B - 7 — AL T
EERE (FA13F4 A~17T43 8)
Fom B —F—
JhHEE B R B R BT T
BEERE (PR 12F4 A~13F3A8)
LS B o & — W R R
BEFEH (FE 13F 4 A~15F6A)
P W (FRI5F9A~1THFE3A)
L EEER B REENE R
iOFfn (ERR 1284 A~13FE3 A)
I E B v 7 — (R B R R
W AFEM (ERI13E4 A~1TE3A)

I FEfEF

BARES dEEREHT (TH L2~ FEE) . 4
BERFLEHEE EREEREHE (T
A% 15~~16 £ )

WEEEL LOKEHS (P12 £E)

R 3 BKES B KERNSBETERME
BT (At 12 FF)

BEFTEA REREHEHIE (PR 1316 FE)

IV BFFEHE LA

B REREE (PR 134E3 A3 AET)
FSIATECE A BE - SRS EERE T IS
LSRR 4 — (IR
He[FIRF T B

i e 7 iEM A R (2 7)

U )T A ARSI (o 7

Dy hualsiRE (7 AU b)

N o e B BERT { )

VAT v PRRFER ()
BEEHEE 27— (1))

VBB

21 RO KIB A2 A O AN X 2 HhERE AR
HEEAER IO, RS LS OREHEEL I
Ao HER OO 46% & 5 S AL FBEO-AERE
BEORELEERFH - T ENEEREE -
freaTIvG,

THFEOTERY TH L I LFITEIMKIES L F
BEMRHLA, BEE 22X EFTHRAE
W, —MRENCIREMICL S, JOhKESHED
MG EE o LAF s 5 2 ENEE L,
RAME T, £OBEZTHIELEY, SERIZE
ERi 0TS EEREEL W, Fi, 4
FETEEAZES T LOHEII 2 TYL, £ER
DEGEREA BRI CIIAME ORI L 0 £E
ENEELZNE NS BERRLI TS,

IO X9, EFETEHELVWEDRRSEESE
PIEBEORLRELHBERTHO, a7 2 ./
a2 I—EOFEE AT, T - MEHEORER
A PV ATEE RIBIZFA LSS b A= 28
BT8RO TIND,

#HER. ChETOILLFEREE L OERFES
WL, Mk, MEEEEEL 2D LAFEEER
D — 7, @3 LF IR S —EmhE R
fEFOEEE, OREOGT~—1— OEEZE0OHE
ke, LsLanis, RicHh BIETH O
., TEMEAEOBREOEHITE, S mhEi,
M EEESBETOERE, FhoEsELTOHE
B - MEEREERR - EAEOLRASERIER F L ATHE
B ERATEEEA F L ATEICER B DRSS
HEBTHS, IOlbis, 2E0FHLEEERY



BEEREEHENE*H T o4 FEEE & KRR
EERT A Lid, BFRHEE EIREICE R IE
TS,

ARG, LF Bk A EMEEORE K L RE
fHicg 4470l TEEMThHL T AX L BES
i, b FEREEOREOIENTIMEE & ot
FIRFFEEE LT, {EOEEA b L ATE m_ i
CEASHORE S BNIERINEZLOTHE,

VI BEESE

B1E T AFOEEA P L AMMEm RO
1 S AFEREEET A UomtRrE, WEEE
Mo
(1) THEME, MESECENL-RREE R4
V2. Aegilops cylindrica, Ae caudata, Ae.
squarrosa 4% B EHER L, LI TS ERESR
HEfEE LA, £, v 7ot o 7SR

(BorZ 2T oZ) T Ae. cylindrica Z#t

ORAEMEERFRE L,

(2) = AFITRE S DA L OMEE, WS
CEN-FH 2% T 570 e, cvlindricad
HEA RO FERHETOREE, Ae. cvlindricad» b o b
F i~ OSBHEETMEOEZ A, Agropyron
elongatum 5 X 7F Agropyron spp. & = AF LD
B sk RO BA MO R, R ER O
BRI L AEERENREORML X 2T o7,

2. 77 B LB REERBE T EEOMAERENA & B

FA%

(1) = AFOMWEE, SERERME & BEESE N
T B AT DNT, Td B EEE
EBEFOER S EEFOEERTE T o,

(2) T LAFOMWEE, SERERE & BEESE
Ty FOERBEFEMES KL LR HETIC,
T E e —BREERFEEA LT A
W EEREOER 2R,

3. (IR B MEELIP BB F-RE O RE ARER - A BR%E

(1) EiET TONE MR ORRFICEST 528K
FEHA LTz AFOmMEEOmEERHL” &
FHEYE LT, SEEESORE S 2 oEERE
R 5.4 2 B fE &~ /3 EELIP {Early Light-

inducible Protein) @FER L F ol {T-

[t
(2) ELIPEEF#EA L osAXBEEREr

fEHT &bz, 7o "rzF U gAECLS
T AF DN - BENLBEERIEICOINT
L,

Fo8 HEHEOMEEA L AMMED LT BEE

1. B5F~—h—%FHH L REEOMEE, TS

MEREERE O

(1) DNA~—H—%H|H Li-MEE7T A7 71
7 7 ORNESEREET 2 i, EEo
OTLERHT, ~— P /BB THEINLEE
F- 0 B & 7 OESEHRE LB O ET o,

(2) BAMIEN T o—rTlt A0
17, MBI OERR, BRAMEOQTLARNT, A
tE & EEOEVE &R OEIEEEINA~—
H—OREEEIT o,

2. 2V RT7 74 F EMHENE, WEHEE ORE{FEEH
(1) Tt MEEEEFO®BRLTor Y
TEREGROBFMEEH T A DI,
A—F v — 7 FATH MR OMEE,
THEMEIHE L=, £, # F77 =27 T,
FRICEALEEERICONT, MEME, m

TR L,

(2) ARTT7zRAZIZ0T, B TEREERIC
BifadxzF7 74 FopdesE - it ey
A, T RT7 74 MR THEE, WSt
BFEEHEEL-,

3. 5Fv—h—, uiTEEEEANAICL ATE

M, MEHEFTEEM O

() FE3— Lt OREBEECEBNLAETH 70—
OME, MEETESRHERET A0, 2
EHFEORENR D TR Rannii 2 24k
BEOBRLHE [F7Ed LOREEREE
H L, TS & BT S1T 2 R oE
- ZERICL D BREEER LI, —OBRRK
BT, 25T - BRREREEEE L,

(2) v TEEEREHNALTER LA —
Foy— RZF A TdhEEesE) 22T, dEE
BEMIEE . — L e PR T A
JERBHTIREEERE L, £, A
F oy — FFTFAOO LT HEMERE R A
BENREF—TEEHELHEET L LI,
fitEEME, WSS TBE L, ARFY 7=
A7 OB QIEMERFITOLT, Y e JEFSRET
TEFHEEREE L, EbiL, A—F v—F



AT AR, WM, WSS TiEtEE
e Y OITEE 2% TUBEKRERE ORGRE R
&L,

B ZR B

BORE R OE 4

B EREE

12

o5 B % O# B
() ORI ILRIDT MR

E1E TAFOEERA F - ATRES EFEIFORTE
1. T AF IR ARSI A LAMENE, mSHE
EH OB
(1) BERBRERPATRET COmMEE, WE
FEOFEE

(2) = AFTRE L O L OMEE, WS
PEsEEf DBRFE

2. 7T BB REERE TR OMERE -8
Rz
(1) TAFOT /N7 F - EREREETHOE
¥ - e

(2) 707 o eolBREEFEANLLWE
£, MESMERE R o LFOER

3. (IR E M ELIP B e FEEOREBEARAA b 25T
BE%E
(1) T AFOELIP BEFHOES L e

(2) ELIP EBEEFEAW LAMEE, WSERE
B = LK OEH

08 HEEOKER F L ATMES EEHTORE
1. B5F~—b—%H A L REEOMEE, m
SRR ER E ORRT
(1) GFv—b—5HBALETALT7 7T 7D
iR e R i D R AT

(2) GFv—h—5HALETHZ g— O
R, THEHERERE O BT

0. T BT 7 A bR TR, TS OBiEEH
(1) A A BEBEBRCEREOWEE, WMSHEOH
i & F1 A

(2) = F7 7oA bt MENME, MEE L
R AEEA
3. F~w—H—, LT REGEN A LA
ik, WEETEEM O
(1) TEME, WSt~ ARSEETEES OR%E

(2) THERME, WSHE ARREFERM ORRE

O

AR IR AR RE
(T FrNszk, AE e 75

AR DR S E A=
JHIERFS0HE ZEHERE
(T bRk, ~Ew 7

MUt EARRTIEEE  BVA R F L ARFEEE=
(127 w8t

MUt EARRTIEEE  BVA R F L ARFEEE=
(127 w8t

AR ITEE  BICAERETIRE
() —=ri=K)

AR ITEE  BICAERETIRE
() —=ri=K)

EHIEE ~ ARRETEWNEE (12 £F)
VEMIBRRE ~ ARMRETHEEE
(BmAEHHEE. &)

EHIEE ~ ARRETEWNEE (12 £F)
VEMIBRRE ~ ARMRETHEEE
(74 U F LA

EHEE o FRERCEEERE (12 £E)
TEMBRE 1 FRRETEMEE
{7 m 7H

EHEE o FRBCEEE R E (12 £E)
TEMBRE 1 FRRETEMEE
{7 m 7H

EMBRRE ~ A RMEETEMEE
(%74 U F LA

TEMBRE 1 FRRETEMEE
{5k v 7H




LE2S VL d0bpsD I =y T, B
T fE—FeF—TRICEE LT 0,
F7o, 1-88T 57 B> 5 1342bps 7' ©—
F—rHEEL -, A ee— 7L, kK,
ABA, = UL Z—0ET 52 BB M
P

VI BFoRiHER
F1E S AXOMEER P L ATHER LEHTORE
1 T AFARE AR A LAmERE, WSt
EH O
(1) MHEME, MERCEBLERRE R

iz, Ae.caudata 0 131 M. Ae. squarrosa 0

352 A EHEAL, LR TS EREMELEE
Lizis, EtE0 & R REE Lo/,

= LT, Aegilops cylindrica @ 137 BfElZ-DL T
LEEE L9, T AXORBERECR NS

& FEA R E R/ or, L,
Aegilops evlindrica® EEHESTMEER R OLE
Eil, caFizBfaLotmnbEIN-
7o, LR TEEREMECEL CBE S
Ae.cylindrica @ 12 Zfid, v FTo e
BFSERT (Yoo bima7uL 7)) BB B
TEVBEEERT L, UL, BEENTE
FERE T o fofo ORI D T S Bic e
HBLETH S,

(2} Ae.cylindrica @EBHEERMERKOBIZ, #
BN T ERE I — 0 (EERZZE
DINT ZEERT L) LR2LHSF— (E
ERED T 7 B DIEB B DL BT RRK
BREESNAZEME, SERERECET 2
FEROWERKPEFTE 5, Ae.cvlindrica %
#E 400452 {2 dbiElE o LA X REF K7 T LK E
B LML Ae cvlindrica @EEEE 1 0
L-EEREREREM 2R Uiz, ZoffEHL,
BNEEFEERESR LA, £/, Agropyron
elongatum & T AFOMEARARERKE THS
Mnogoletnvava 209 {1, MUEMEEBEERS LTH
AThas PR, 26T, BB
EFHEPRTEREMERRTEL 2L, SER
BrEEEOEDENCOED NARIL, EERH
EREOBEZEL 25 FEHLMCLE,

2. T B LSRR RO RERE AR & R

FA%

(1) T AFOMEE, SEREE S BEESEND
TN B OEBEETHALMNIT ST,
TNy ELOEREF R (1-85T) BETO
7 LDNAZo—EHEE L, EEEFEE
F L, 1-8ST D4 7 ABETFL, 3004
Farrbdonxy y ohbEEEN, 03

(2) S AFOMEE, SERERE - BHEINEY
Ty B oOERBEENSES I LR BT,
TNy B DEREF—BERE (1-38TL 6 -8FT)
BEFOE AT, AT SEBobvhited 77
< TI-SSTEE T2 E A LB EERE

(T) &BEH Uiz, ZhoT pLERE LT
YAREFREEE SR, & T b ER
EEI AT,

3. (IR EMEELIPEE FRE O sE AR & 241 B

H

(1) WRRET CONXESOHH & 7 0EERE
RS AR S 7 HELIP (Early Light-
inducible Protein} {%, /~— F= 7 RET TR
el EE L, TEMERSE Valuevskaya Tl
mature-ELIP/S BERICEBR L=, £/, =@
ELIPOE FATEIT L, SEABETH S Z L5
BT AE o7, ELIP cDNA @7 & RE
A FIZEN T, EEEMEOETHE D LR
bt ot bhfr v, ELIPRER TIZE
A NEE T SHEECEE LR S
DEkELZ LN,

(2) T AFRBIROEN LRERIEERETT LR,
RBESNT AL (52/1-Tg/1) TEHEIhf AL
Ak, Baferei|m <, BaofkeE b 5IERMERE
Shto, Fio, B|EER L L URERIYFIF
ABBRTChofc, TXasr7 U onaizls
SALAXOBEERECE LT, g8E3EAr F—
AT b (pbreen/pScoup dual plasmid system:
PAL154 ., pAL1GE) AT F o sy 7 w7 A EE
FBR LU gt CIEAEOE LT DIZHZ
ThaIENHALNCG 2T,

Eo®E HEHEOKER LA IO

1. S5F~—h—5FH A L REgomwEE, WS
PEREE E D REHT

(1) 2EETAT 7T 7 OROMEECE LT,
EEE 2 (L62) WQTL (LodfES. 3, HE=E
16.8%) M 1EERGH BN, £, 4FETL



7T 7 B EEE L7 60 O EME R
HEEFOM, 3 (Phgkinase, FtsH, 1) 73
EHEEFELICE- ST b, PhgKinase {3 LG2
bom~—H—1U212D H 5 T5cM @ & = BT,
FtsH{L LGS ko= —4—1U515A 5 9cM 0 &
LA FNTNESIT B, Eim, S1iX
LG4 k~— 4 —NOD22B 25 3eM o &2 = 4
{E B B,

(2) FTHZ a— 28T, RFLP EEME %1
T 5 & & BT, EEREEE, SErEICET
AIEOQTLERHELA, £/, MEEL@
EEEMNIEVEERIC 0T, FOESMEEE
7 — = OBEEET-HE., 3EOFELR
SSR ~=—H— (RCSO397, RCS03587 5 LR
RCS5826) ARH I,

2.2 FZ7 74 k ETHENE, WSS ORBFAZA

(1) = 7EEERHALTERINE HiE
288 i, 2T RELIOEBRAEMEEETL,
MEMES v 7Rl L Thofo, o, fiho
BRREIC DT B IENE - WSS LEME
il FRENSPEBL T, T b
Bib, v TEBEROERIL. A—Fv—
R 5 AOMWEE., MEECmLEOOIZEZ
ThiIERHLM Lo, i, A R
7 A ThH, v TEREEROPIC, dhiE
OEMERE [~ hx) L0 HTHEE, WS
FEICEN RS A S,

(2) # R 7 =2 700 TEEER 210 S07,
IREETTIL 5% OFRM, HEEFTIL2.5%
DRMTEY F7 74 FERPEBEINE, £
o, T RT7 A FORBET, BEOL BEE
RO TETOHE AL, -2, 77
ey JRVENANR T DEFEORTE, vl (T
eHr RO—) OEEND BN NRIENE
CEobhfE, = F7 74 FREEE RN,
MHEHEOBRFEZFE L5, B RBERITE
B T,

3. 0Fw—p—, uiTEEEREANHI L AMHE

P, MESHEFTEIM OM%E

(1) 2 BEOREN DA FE— L DREEE
OFAT T S Rannii 2) FdbEBECERS
B IFRrted) LoBEREERHL, HEME
& OREESEVEEZR & BRI TEE
E2iTof, EEHECERNEN, BIEELTRE

i FoteX o 6 {EiE % i - 2B LT ER L
F3EERiL., BZEEsEs Rannii 2 | L 9 EH,
[FrEx) FRBEICLZ S,

(2) oo TFEREERFFIALTER LA —F v—

F7Z A Teig 28 B OIRENE., dhimE 23
BEVF—TE (71 FY] L&
B, Ao RS T  7A S BB T
(T3 U L THhoTf, MEEZENS
A—Fv— F7F A5 Morshanskaval &
MHbie 28 &) X, BEBROBOBFEEY 17F
TR EOES, BEELELTED, 8L
T OFEOERTRE &Rl OfESH BT
Ipats, BT, A—F¥y—FFFAT, BH=
EHERE BIEMEC BN AEM 5T LT,
AT 72 A7EEENT, B RZERRTES
MIDAENBETHAZ LALLM T,

VIl BFIEFER

D ASRfChE- )| L8R - & E3R R - SR (2000) 1 k>

T oA LAME T AXOESERA/ N ERR
B OEBEST. B REHhZESREE B
252-253.

23 Iriki,N., A Kawakami, T. Takata, T. Kuwabara and T.

Ban {2001} :Screening relatives of whear for snow
mold resistance and freezing tolerance. Euphvtica
122, 335-541.

DAKRE-TRELR )| LR FRBREZ-BAR

{E(2004} HABEF AT A - o AX oA
RO BEFEe (Bl2) , 293

43 Iriki,N., Z.Nishio, A. Kawakami, M Yoshida, M.

Kurcki, X. Funtov and T. Kawahara(2005) :Fructan
content in Aegilops cylindrica and its relationship to
snow mold resistance and freezing tolerance. Plant

Prod. Science{in press}.

5)Ischbe,S., I.Klimenko, I.Sergey, M. Gau and N.

Kozlev{2003) :First RFLP linkage map of red clover
(Trifolium pratense L.)based on cDNA probes and its
transferability to other red clover germplasm. Theor.
Appl. Genet. 108, 105-112.

6)Isobe, S., 5. Sato, E. Asamizu, I. Klimenko, N.

Kozlov. K. Okumura and 5. Tabata{2005) :4 high-
density S5R linkage map of red clover and its
transferability to other legumes. The 4th international

sympposium on the molecular breeding of forage and



turf p. 137.

7)Ivashuta S., R Imai, K. Uchiyama, M. Gau and Y.
Shimamoto (2002) : Changes in chloroplast FtsH-1ike
gene during cold acclimation in alfalfa (Medicago
sativa L.)J. Plant Physiol. 159, 85-90.

8)Ivashuta S., M.Naumkina, M. Gau, K.Uchiyama, S.
Tsobe, Y. Mizukami and Y. Shimamoto (2002):
Genotype—dependent transcriptional activation of
novel repetitive elements in alfalfa (Medicago sativa
L.)during cold acclimation. Plant J. 31(5), 615-627.

9)Ivashuta S., K. Uchiyama, M. Gau and Y. Shimamoto
(2002) :Linear amplification coupled with controlled
extension as a means of probe amplification in a
cDNA array and gene expression analysis during cold
acclimation in alfalfa (Medicago sativa L.)J. Exp
Bot. 53, 351-359.

10)Klimenka, I., S. Isobe, N. Kozlov, N. Razgulayeva
and S. Ivashuta (2003):QTL-analysis of Sclerotinia
tolerance in red clover mapping population.
Functional genomics and breeding strategies for cold
tolerance in plants. p. 69.

11)Nishio, N., K. Takata, T.Tabiki, N.Iriki and T. D.
Murray(2003) :  Influence of cold hardening
Temperature and soil matric potential on resistance to
speckled snow mold of winter wheat. Phytopathology
93(6)Suppl. S65.

12) BLFHETE « $ETN - BREREET « EHEE (2003) -
THhra— IRy EX ) b TEALE
TRANNY2 | 3 F2 BRIl 51T & 3 £E B . At
EERFF 38, 5.

13)Sanada, Y., T. Takai, R.A.B.M. Golam and T.
Yamada (2003) :Physiological characteristics of high
freezing tolerant “Hokkai 28” during hardening and
wintering in orchardgrass (Dactylis glomerata L.).
Functional Genomics and Breeding Strategies for
Cold Tolerance in Plants. Abstract p. 66.

14)Sanada, Y., T. Takai and T. Yamada (2004) :Changes
in freezing tolerance, enzyme activity and soluble
carbohydrate content during cold acclimation in
orchardgrass (Dactylis glomerata L.). International
Plant Cold Hardiness Seminar. Abstract p. 61.

15) E AR « Vladimir Chapulin *« BEHEF= « LEE
E(2004) 1A —F 5 — KT ADa LT HALER
FACOEFEE. LB, 39, 59.

16) FHREA (2002) 7 A o s F ) mAIC L5 5
FH EE MR ORESL BT T 1) R ER O
shEpibb 7 a7 U FE - (B
SALHERFES S8 43, 61-62.

17) FHREA « SEHE—(2001) = A FBEREF >3
# & ELIP(Early Light-Inducible Protein) M{E&iRIE
ERB. FHEEHEI(F2),247.

18)Shimosaka, E.and H. Handa (2004) :Expression of
early light-inducible proteins during cold hardening in
wheat. 7th International Plant Cold Hardiness. p.90.

19) FHIRA « FHE—(2004) 1/ v— F =2 FiBiRLs
BT 5= LF ELIP ORI, FHEEHE 6]
2).294,

20) B#H B - T. Shelenga- & B M- L REE (2003) :
AFD 7 2R BEERICBT ST F7 71 F
fFEZ. JLEM#H, 37,95

21 PLFgE ¢+ S Ivashuta, M. Naumkina « FRAER - B
TRHET « P.Kalo and G.B. Kiss(2002): 77 7L
7 7 O EERE O QTL B & {EiREEH
BETOwy 7. BERES(B)344-345,

22)Yoshida, M.,D. Lin and A. Kawakami (2004):A
mini exon in the sucrose:sucrose 1-fructosyl-
transferase gene of wheat. J.Plant Physiol. 161,
1277-1279.

IX WrEfELsE

12 2 AFOERA b AMSE O RS
L 2 AFIT RS AR A Li-mhit, mMEasE
R
(1) BRBEECATEET COMBEME., MSHk
DL
B RS (PR 13E 3 A3l BET)
MU EAR TS REEEWEE
AT
e R ¥ — (ER I35FE4 8 1 B
o)
MU EAR TS REEEWEE
AT
(2) = L FITEIE & DM L AT, mEH
EH OB
iR Er ¥ — (ER I35FE4 8 1 B
o)
MU EAR TS REEEWEE
AT



TE{ERR S, EEEWER
BREX
2. 70 B ARBEREC TR OBEEER L 24
Eop=S
(L) 2 LFOHT7 27 SRR THOESE
& e
BB BEE (CER 134F 3 A 31 BET)
O ESERT SR8 LS R b L ARRGEE
EHAEY
It E R T Y — (ER 13E4 8 1 B
&)
O ESERT SR8 LS R b L ARRGEE
EHAEY
(2) 72 & SR EE T BN L ST,
S P B = L DR
BB EHBEE (CER 13F 3 A3l BET)
O ESERT SR8 LS R b L ARRGEE
EHAEY
IhEEEEFEE S — (ERR13FE4 8 1 B
&)
O ESERT SR8 LS R b L ARRGEE
EHAEY
3 RIESEE M ELIP {5 T RO MSEERER - R
=
(1) = D ELIP BB TR OEE & #6
BB EHBEE (CERR 13F 3 A 31 BET)
HiE BRI AT AR RRR R E
THRIEAE
IhEEEEFEE S — (ERR13FE4 8 1 B
&)
HiE BRI AT AR RRR R E
THRIEAE
(2)ELTP EfETE AL Lo MHHE g, ISR i
Bio A EDOERH
IhEEEEFEE S — (ERR13FE4 8 1 B
&)
HiE BRI AT AR RRR R E
THRIEAE

E2E HEHEOEEREA L ATRES LR ORSE
1. 5 F=—p— &R Lz BEROTHELE, WS
P RER G ORRT
(1) GF=—H—%FALET LT 707 7 Ot
i EERE OB

B EERRE (TR 1343 A 31 BET)
BEHE < ARSETEFER
P (3 EERE T GEET)
TEEREREr ¥ — (CERLI3EFE4A 1 AN
=y
{EIRAREL = A BMREEETE
BHEE - REW (3 UMMNEEENE
TrH—)  BREET
(2] GFw—H—5FHLETH 22— OmhH
P, TS P R R R
i EERRE (FR 1343 A 31 BET)
BEHE < ARSETEFER
RENTET
TEEREREr ¥ — (ERLI3E4A 1 B
=y
{EIRAREL = A BMREEETE
REFET - FET (3 UM
Ly —) - BHIES
2TV K7 74 FEmRENM, WS oEFEER
(1) « 2REHEEEEROTNEE., THEkoiTm
EFIA
e EERRE (FR 1343 A 31 BET)
BEHE 7 RRMRETERER
EMEE BHEz (H EFREERR
B) - WHEE # dEERE)
TEEREREr ¥ — (CERLI3EFE4A 1 AN
=y
{EHIRATREL - REMREEENTE
EMEE BHEz (H EFREERR
B) - WHEE # dEERE)
2) =¥ FZ 74 FOSREETIESE, WMEHED
Ll £ A A
B EERRE (TR 1343 A 31 BET)
BEHE 7 RRMRETERER
mHEr B EHERSERRE) -EHE
¥ WEEE (3H dEERE)
TEEREREr ¥ — (ERLI3E4A 1 AN
=y
{EHIRATREL - REMREEENTE
mHEr B EHERSERRE) -EHE
¥ WEEE (3H dEERE)
3 A Ew—b—, g7 EEERMA L S
&, MEETERFORE
(1) mhaEt, MEM- A RRETERH OB



iEEREHEr Y — (ERI3E4 81 B
o)

{EHIRAEEE = ARMETHENEE
BFES - BER (3H JUH MR R
try—)  BHIES - BEHET

(2) Wik, WEH-r FRRETERH OB®E
iEEREHEr Y — (ERI3E4 81 B

o)

{EHIRASEE o FRMETHENEE
ERAFES B8z (H EHFRIERR
) - EftE—

X COFELDEREEOHLENEZ

ATV PREERZLY, D2 AF THETIC
BI85 DB LRSS — BT TR
AEHERAFZE, QaLXT Ly 2 SRiEERE
T OHEEEE 2 AFTEEBREOEL, @7 42
g— Y217 S DNA =— 4 — B8 R D {ERR b i
AMIEMET ZDNA— I —OE%, @t —
Fr— KA TARAEA N7 s A IZRIT SMHEEE
EEREOESE, OB —Fy— F27
ARG Mg 28 8 OFMEF L AL EFTHLE
MEBLENATERE, 5%, CTheoDRETER
LT, 2% « HECHAHICERLEHLEOTR
PHHERS,

(b FBEHRAET I EE)



i BHIEE OBRD L TNIIRE

1. #FEEEOiEE
i £ 4 A ® OE 4 # M
Y2 [Tatyana V. Shelenga |V IR AR 7 A7 O F7Z74 FEe7FolbBie (120100 11-
59 4 FicE+ 5875 13.3.19
12
£ [Gyorey B. Kiss BRC TAT LT r BB S FY—H—0 |12.11. 12—
1) 12. 11. 22
¥ [Elena K. Kossio WFRT HEHIC BT 2 ELEEEREOsFRESE (13.2.23-
R BUREAT & RREE AR 13. 3. 25
13
£ |0leg B. Tkachenko VIR NE—H T B ERENRTE  |13.3.20-
IEAERZ L BN ) LAOEEIZET A5 [13.3.28
K1imenko 1. WFRT DNA=—H—[Z X237 H7a—3= ' [13.6.20-
Alexandrovana TEMOERRET L ~—F — 3 13. 8.28
Timothy D. Murray WSU o A EOTENE - SO FEmE 13. 6. 22—
13.6.30
Kirill Funtov VIR oA XD BT A O 13. 11. 24~
14.3.19
T Sergey Ivashuta WFRIT SFv—h—%FALET A o— IOmE  |14.5.1-
o t - TS OB TR & BE~ORH A 14.6.19
14
£
5 [Klimenko I. WFRI MR - EE~ A RBETERS ORZE  [16.8.24-
5 [|Mexandrovana 15.8.30
15
£
3 [|Andre Laroche LRC Ty F o ERERETIC L ATESE - WS [16.7.9-
[od T B T AX O 16. 7. 22
16
£

BRC: Institute of Genetic Biological Research Center
LRC: Lethbridge Research Center

VIR: N. I.Vavilov All-Russian Research Institute of Plant Industry
WFRI: All-Russian Williams Fodder Research Institute

WSU: Washington State University



2B 7R E D IRE

i £ 4 woOB | Rk ® OE 4 4 B
(ke HE Hoik AR STE |LRC It FEIZEBT AEMOIEERA R CATE (12, 4. 5-
74 WSU ] _EFIF I BT A HERFE 12.4.13
12
£ |WF=F5 b FREmEE VIR ML FBIzBiT 3 OEEA b AT [12. 7. 18-
WER T m_EIEHTIC AT S EELREEE] o#aE [12.7.29
BT EHHIER WFRI THI v IR AR - WEEORE |12, 1022
LS 12.11. 11
T |EEES EHBER VIR [ AR EETEEOREFM 13.1.13-
59 13.1.25
13
£ [FiRbE Hidf SRR EE [HU = b X OGRS HTE B 58 B MAT 13. 1. 24~
13.1.31
Rl EHIER BRC F~—I—%FA L EEOm=EE - [13.3. 18-
(T 25 B T B, D AR 13.3.29
FALEF BB M ELARRFZEER [V IR |2 A% - HEEOS T EEFEE 13. 8. 25—
13.9.1
FERAED H BT, |[LRC o AXOWENE - TS EE o T O 13.10. 14~
13. 10. 28
TR E K I AERFFEER WS U o A EOTENE - SO s 13.12. 6-
13.12. 16
B HER V4B FET VIR | FBHEOCTHESE - WEHEOFEM EME [14.7.8-
;‘; b - T E S A O 14.7. 14
M o 2 s SRR ZEE WSU  |EEPCRICL 2 EEFEREOTEEE |14 10 1-
¥ DOFEST 15.3.30
BT TESRR 355 WEFRI P53 F~—>n—%FH L HEEOmESE - (15, 3. 10-
;_E Tt~ A B S A ORI % 15.3. 15
D IFre ItHREREST (VIR | TIEHBEICBE B EmOEEA F L ATHE |I5.8.29-
& WFRI |F_EETCET 5 EHELRWE OfEE  [15.9.7
LTS TESRR 355 WFRI T h 7 o= SOBEFHEE S S ONIE |16, 3. 14
¥ ek 16. 3. 20
54
16 Inre Ry WFRT TH v OTEN - EERE~— |16, 10. 10-
il B — > RI% 16. 10. 16

BRC: Institute of Genetic Biological Research Center

HU: Hanover University

LRC: Lethbridge Research Center

VIR: N. I.Vavilov All-Russian Research Institute of Plant Industry

WFRI: All-Russian Williams Fodder Research Institute

WSU: Washington State University



Outline of the Project

Project Title: Improvement of Tolerance to Low
Temperature Stress of Winter Crops in

Northern Regions

Purpose:
There is growing concern that the food shortage caused
by the expansion of human population would occur in
the 21st century. It is important to increase and stabilize
food production in northern regions which contain 46%
of the arable land of the world, in addition to the
increase of food production in developing countries
Wheat is the most important food crop in northern
regions and two types of wheat are cultivated in the
regions: One is winter wheat and the other is spring
wheat. Generally, the productivity of spring wheat is
inferior to winter wheat because of the short growing
it is desirable to grow winter

period. For this reason,

wheat in the regions if it is possible, but there is
instability in productivity due to winter kill by low

temperatures or snow mold. Forage crops which support

livestock production in the northen regions have similar

problems in that highly productive forage species are

also unstable in their production due to winter kill.
Since low temperatures and snow mold during

winter in the northern regions are the most serious

limiting factors for crop production, it is very important

to improve resistance to these stresses in winter wheat

and forage crops in order to increase and stabilize food

production in the regions.

This project was concerned with developing
technologies for improvement of freezing tolerance and
snow mold resistance and obtaining breeding materials
with improved freezing tolerance and snow mold

resistance in winter wheat and forage crops.

Work Areas:

—Development of freezing tolerant and snow mold
resistant breeding materials in winter wheat using
wild relatives of wheat

—Cloning and characterization of wheat fructan

genes and production of winter wheat

introduced wheat fructan

synthesis
transgenic plants with

synthesis genes
—Functional analysis of wheat early light—inducible
protein (ELIP) genes and production of winter wheat
transgenic plants with introduced wheat ELIP genes
—Aanalysis of characteristics relating to freezing
tolerance and snow mold resistance in forage legumes
using DNA markers
—Evaluation of freezing tolerance and snow mold
resistance in grass germplasms and their utilization
for breeding
—Development of freezing tolerant and snow mold

resistant breeding materials in forage crops using

DNA markers and Russian genetic resources

Research Organizations:
National Agricultural Research Center for Hokkaido
Repion, National Agriculture and Bio-oriented

organization, Japan

N. I.Vavilov All-Russian Research Institute of Plant
Industry, Russian Academy of Agricultural Sciences,
Russian Federation

All-Russian Williams Fodder Research Institute
Russian Academy of Agricultural Sciences, Russian

Federation

Lethbridge Research Center, Agriculture and Agri-Food

Canada, Canada

Institute of Genetic Biological Research Center
Hungarian Academy of Agricultural Sciences, Republic
Of Hungary

Institute of Genetic Biological Research Center

Republic of Germany

Washington State University, the United States of
America

Research Period: 2000-2004

Expected Achievements:
—Cloning and characterization of freezing tolerant and



snow mold resistant genes in wheat.

—Developing freezing tolerant and snow mold resistant
breeding materials in winter wheat.

—Identification of INA markers linked to freezing
tolerance and snow mold resistance in alfalfa and red
clover.

—Developing freezing tolerant and snow mold resistant

breeding materials in forage crops.

Results:

1.Development of freezing tolerant and snow mold
resistant breeding materials in winter wheat using
wild relatives of wheat
In order to find excellent materials with freezing
tolerance and snow mold resistance, 131 accessions of
Ae. caudata, and 352 accessions of Ae.squarrosa were
evaluated for resistance to snow mold in artificially
infested plots with Typhula ishikariensis at Sapporo
However, no accessions superior to wheat was found.

One—hundred and thirty-seven accessions of
Aegilops cylindrica were evaluated for their resistance
to snow mold in artificially infested plots with Typhula
ishikariensis at Sapporo. No accessions had a higher
laval of resistance than PI 173438, a wheat cultivar with
the highest resistance to snow mold. Twelve accessions
of Ae. Cylindrica, which had high levels of winter
hardiness at Sappors, showed good winter survival in
the field of N.I.Vavilov Institute for Plant Industry (St.
Petersburg) in Russia.

Sugar metabolism in Ae. cylindrica under snow
was different from that in wheat. The highly snow mold
resistant wheat cultivar FI 173438 accumulated a high
level of fructan before snow cover, resulting in a higher
fructan content after snow cover compared to
susceptible cultivars, whereas some Ae.cylindrica
accessions reduced the fructan content slowly under
snow, resulting in a higher fructan content after snow
cover compared to susceptible ones.

Ae. Cylindrica 400452, a snow mold resistant
accession, was backcrossed to  “Chihokukomugi,” a
leading wheat cultivar in Hokkaido, and a breeding
material possessing a pair of Ae. Cylindrica

chromosomes was obtained. It showed high levels of

snow mold resistance.

“Mnogoletnyana 209,” a line derived from a
hybrid between Agropyron elongatum and wheat, was
found superior to “Hokushin” in freezing tolerance and
was crossed with “Hokushin.” The F, population had
a higher level of freezing tolerance than “Hokushin,”
indicating that “Mnogoletnyana 209” is useful as a
genetic resource for improving freezing tolerance of
wheat.

The amount of fungal DNA in wheat plants
inoculated with the snow mold pathogen would be an

indicator for snow mold resistance.

2. Cloning and characterization of wheat fructan
synthesis genes and production of winter wheat
transgenic plants with introduced wheat fructan
synthesis genes

Using the nucleotide sequence of a cDNA coding for a

key enzyme (1-SST} involved in fructan synthesis, the 1-

SST genomic gene from the wheat genome library was

isolated and its sequence was determined. The 1-SST

genomic gene consisted of three introns and four exons.

The second exon was a 9 bp mini—exon that had often

been reported to exist in the invertase genomic gene and

was present in tha f-fructosidase motif. In addition, ths

5’ upstream of this gene was isolated by TAIL-PCR and

found to possess promoter activity. This promoter was

fused with GFP in a transient expression experiment,
which showed that this promoter responded to light,
sugars, ABA, and elicitors.

Wheat transformants (T,) with introduced 1-SST
gene coding for the synthesis of fructan were obtained in
“Bobwhite,” a spring wheat cultivar, and “Akadaruma,”

a winter wheat cultivar. NO T, plants showed

morphological changes such as malformation; seeds

from the T, plants germinated nearly 100%; and T,

plants from them were not observed to have

morphological abnormalities. Some of the individual T

plants were observed to possess the introduced genes

and normally produced T, seeds

3. Functional analysis of wheat early light—inducible
protein (ELIP) and development of an

Agrobacterium—mediated transformation system



for wheat
Wheat ELIP continued to accumulate under hardening
conditions and matureELIP accumulated earlier in
“Valuevskaya, ” a cultivar highly tolerant to freezing
than “Ibis” and “Haruyutaka, ” less—freezing tolerant
cultivars, suggesting that ELIP accumulation was related
to freezing tolerance in wheat.

ELIP did not accumulate in wheat seedlings when
the seedlings were grown under dark conditions at an
early stage of ELIP synthesis, indicating that light is an
essential factor for the ELIP synthesis in wheat. The
accumulated ELIP in wheat seedlings during hardening
rapidly degraded when the seedlings were placed at 20
°C under dark conditions. Howewver, ELIP in wheat
seedlings was stable and tended to accumulate at low
temperaturs (0. 5°C) under dark conditions. In addition,
comparison of mRNA and protein levels during
hardening suggests that wheat ELIP expression is
regulated at the translational level or at the post—
translational level.

The severity of chilling injury and photoinhibition
damage in photosystem II after low— temperature and
strong—light treatment was greater in some rice plants
with introduced antisense of ELIP c¢DNA than in wild
types, indicating that ELIP plays an important role in
defense against photoinhibition at low temperatures

Wheat calli induced on MS medium solidified with
5-7g/L Gelrite regenerated at high frequencies and the
ability of regeneration was maintained for five weeks

Green spots on calli on the regeneration medium
containing 1 mg/L. Bialaphos, a hetbicide, were greatly
suppressed in  “Chinese Spring,” suggesting the bar
gene is useful as a selectable maker in wheat.

A vector system, pGreen/pSoup dual plasmid
system: pAl154 and pAL156, showed higher transient
GUS expression in the wheat calli than the vector
pMLH7133-BAR, suggesting that this vector system is
highly efficient for T-DNA delivery in wheat. Some
calli grew in the area of GUS expression 10-18 days
after co—cultivation
4. Analysis of characteristics relating to freezing

Tolerance and snow mold resistanee in forage
legumes using DNA markers

A QTL for freezing tolerance of root was detected on

LG(Linkage Group)2 in diploid alfalfa. 1t had LOD
value of 3.3 and accounted for 16.8% of the total
phenotypic variation. It was detected in the same region
for three years

A total of 60 candidate genes related to freezing
tolerance were isolated from tetraploid alfalfa. When
PCR was performed using 34 primer pairs obtained
from them, seven pairs yielded polymorphism in the
mapping population and three candidate genes
(PhgKinase, FtsH and S1)were mapped on the linkage
group. PhgKinase was mapped at 75 cM away from the
marker 212D on LG2 and close to a QIL for plant
height. FtsH was located at 9 M away from the marker
U515A on LG3 and S1 at 3 cM above the marker
NOD22B on LG4.

A red clover linkage map with RFLP markers was
constructed in order to develop DNA markers linked to
resistance to Sclerotinia trifoliorum Eriksson. QTL
analysis for winter hardiness and Scleroltinia trifoliorum
resistance was performed with the RFLP linkage map
and 11 significant QTLs were detected.

Sequences of nine RFIP markers showed
similarity to registered genes related to disease
resistance and stress tolerance. Six of the nine RFLP
markers were involved in the detected QTLs.

A SSR linkage map was constructed and the SSR
markers were performed polymorphism analysis. Three
SSR markers detected significant polymorphisms that
distinguished the susceptible and resistant plants to

Sclerotinia trifoliorum.

5. Evaluation of freezing tolerance and snow mold
resistance 1in grass germplasms and their
utilization for breeding

Orchardgrass cultivar “Hokkai 28” which was bred

from Russian germplasms showed snow mold resistance

superior to Russian cultivars and freezing tolerance

equivalent to them. Some new lines developed from the

Russian germplasms were also superior in freezing

tolerance and snow mold resistance to cultivars

developed at National Agricultural Research Center for

Hokkaido Region (NARCH} in Japan. These results

indicate that the utilization of the Russian germplasms

would be effective for the improvement of orchardgrass



in froszing tolarance and snow meld resistanca.

More than the half of accessions of Russian
germplasms in meadow fescue was superior in freezing
tolerance and snow mold resistance to “Harusakae,” a
cultivar davalopad at NARCH

When seeds of 210 accessions of Russian
germplasms were examined for endophyte infectiot,
fungal hyphae were found in 75% of accessions
collacted in the former USSR and in 2. 5% of accessiona
multiplied from collections. Endophyte infection was
observed in accessions collected in regions of the former
USSR except those in Far East. Every accession from
the coasts of the Arctic Ocean was infected by
endophytes. No loline alkaloids were detected in seeds
from many accessions collected in Caucasian—Ural
ragions and Cantral fsian-Novosibirsk regicons

In ‘“Harusakae” and “Tomosakae,” plants of the
Endopyte—free lines were compared with those of
Frdopyte-infacted lines (B+) for freezing tolerance and
snow mold resistance. There was no significant
difference hkatwaan tha E+ and F- linas in freszing
tolerance and snow mold resistance in both cultivars.

The effect of endophytes infection on sow mold
resistance was inconsistent across meadow fescue
genotypes. In some ganctypas  (CL102, (L1243, and
Cld5d), andophvte—infected plants were more tolerant
than endophyte—free planta, kut endophyte—infected
plants were less tolerant than endophyte—free plants in

CLavD,

6.Development of freezing tolerant and snow mold
resistant breeding materials in forage crops using
Russian genetic resources
In order to develop new breeding materials resistant to
Sclerotinia rot and compatible with timothy on mixed
gomn, sward, the Russian cultivar “Ramnii 2¥ and the
Japanese cultivar “Hokuseki”  were crossed. Selection
was made in the F, population based on resistance to
Sclarctinia rot, porsistancy and flowaring charactaristics.
In the spring of the fourth harvest year, 6 F, plants that
had been excellent in plant vigor in each season and
moderate in the flowering rate at the second cutting
were selected and crossed each other in isolated

conditions. The F, population was more resistant to

Sclerotinia rot than  “Rannii 2° and equivalent to
“Hokuseki.”

Forage yield of “Hokkai 28,” an orchardgrass
cultivar developed from the Russian germplasms, was
lower than that of  “Wasemidori” at NARCH in Japan.
However, “Hokkai 287 was equal to “Wasemidori”
in forage yield at N.I. Vavilov Institute for Plant
Industry (¥IR) in Russia.

“Morshanskaya” and  “Hokkai 28,” orchardgrass
cultivars excellent in freezing tolerance, were higher in
residual sugar content after overwintering and better in
winter hardiness than “Wasemidori,” indicating that
winter hardiness is related to residual sugar content after
overwintering.

New orchardgrass lines having higher freezing
tolerance were also developed from hybrids between
Japanese and Russian cultivars by the recurrent selection
For winter hardiness and freezing tolerance. New
meadow fescue lines developed by the cross between
Japanese and Russian cultivars were higher in winter

survival than the original cultivars at VIR in Russia
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1. T L F gAML amEtE, MEEE
MO

(1) BERRERCATRET COMEE, MEED
EEA i

7. H3EHEAE

FAE T AXA~OMEEA F LA, BEAREEL,
HALAEECE T HLZOROETOEREE &
L, AEME FEELSELIERTHS, T4
FOMEEA b L ATEEENE S WS (SERE
T LlokBlEAD, BMEICET 2BEERE
B TR T VS, FI7, SAXERHEICE
if AEMTERTOBE 1T -7,

TNETIEELN TV AaE T, SERERE
WEE LT X Aegilops calindrica Z3EHMEEEER &
LTHEZTHD, hEEEM Cidflgicsn1tzo
FBHOAD Y —= TRl T s, Ll
EERESECELT, cAXRELY LE IR
M Tt REIIRRE I Tid i, FIT, &
VFETAUACRNTIRE ST Ae.cylindrica
BEICHE L, URIC B TS ERERME O
BRI ot £, Ae.cvlindrica M4 AHERRL
CDThani FOFLLESERERECES
TEEELANIT A DT Ae. caudata (C) &
Ae. squarrosa (D) OEEREFAESHEELE, =
BiZ, THETOAY IV —= 0 P SERERE
EEEE LTI TERIN TS &n, &
LHEARETCOMEES L LB EORR S
flid A7, fURICE O TS ERERMENE L3
fianfZRERAT e TIeBITABAEtETD
BAME v o PR TEME LA,

1. BEEE
1R
EEFREAECEL TR U—= 7 S fe.
cylindrica & LT Tablel-1 {773 12 %#E (Iriki et al.
2001 % Ao, FrrmicEA L, Ae.cylindrica 137
FfIL, BT TS S A7 b o 65 At (BFEA
MGIRE Y — 7 KB, TA UL TIRE
St @ 72 FAK (Watanabe and Kawahara 1999}
T4, he candataid 131 BFE{ F Y Shubert &
+, BEUREERNFEY EREEI TR L0 ZA),
Ae. squarrosa (& W AMIERE, Ui koA

A LFOEIE A~ U AR AT OR %

KZ, BLURHEXFEDAEEHERSR LV E
A) 11552 B EHER Lz, SERERMEIETA
T AFOHEREE LT, PI 173438 (SEBERME
Hi), el oA (FERER), FF7 o
F (FHEFMECE) BL 0 Ibis (FHEFMESS) %
A=, ~ve ZEHC B AMNEMECFEE T,
MO B & LT Valujevskava (i MEAE®)
EINE T,
2) Ae. caudata . fe. squarrosa O EEFIETMECEEE
EERENMEL. SEEEFREENIAOR
EiEE Ak FR|E, 1992) LD 2 4 (2000 /
2001 #5 LTR2001 / 2002) (Zdof- o TRRME Lz, #
Bk, BN 9 APA], B 10em 01 & 1 A0
LU, EBE LTERE 4g/m AL, B
OFHMEE, EAESICETAEEIC LAEEILLY,
PI 173438 (SEHREMMEER) ., Foi U oba¥ ([
EHMETR) . Fh2 oLF (FE28E). Ihis (AT
LHEIL, 0 (SERERMEERTEZ S FREECH
SEFME) . 1| (SERERMEER) ~5 (RS ©
AT EE L,
3) BrfmicE A L= Ae.cylindrica @ EBIERIERECEE
fifi

FRAM T 2000 / 2001 £ECER L, kR L
FEEET 2) CRETHS,

4) Ao ZHHCE A Ae. cvlindrica 12 R oiEi4L
PEDFF

Pavlovsk @23 v o ZEFEEIC &7 2000 /2001
ERLTR2001 / 2002 EICERE Lz, BT, 2000
£ 8 H30 B LTR2000 EE9H 4 Bic e —70, #
F15em 147 E, BB REIC LD e 7
FFOBITEID L 0 i Ui, BA ML AEEER=E
(%) TEHE L7,

. ERRUBE
1y #LOREZE A Ae. caudata 35 X 7F Ae. squarrosa &
EEREREOFE

i s B ICEERENEoR - EREED LN
Hrofc (Fig.1-1). F7=. Ae squarrosa {22, Ae.
caudata {ZIHEHMEO AT TS5 (§8) DORHHE G
mhh, EESRIE LD L RERMESEVGEm R
B, Lidio T, Ae cylindrica @EERESME
MC, DY/ LAQELBICERT HMTALMCT
Eiph ot FEEFMECE L CEEBICERH A
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Fig. 1-1. frequency distributions of snow mold resistance
ratings among Aegilopy caudata and Aegilops squarossa
accessions. Resistance rating: 0, no damage; 1, lcaves were
infurcd; 2, less than half of the stems were dead; 3, half of
stem were dead; 4, most of stems dead; 5, plant dead.

‘BRussia
OusA |

Mumber of lines

Resistance rating

Fig. 1-2. Trequency distribution of snow mold rosistance
ratings among Aegilops cylindrica accessions collectod in
Russia and the USA. Resistance rating: 0, no damage; 1,
leaves werc injured; 2, less than half of the stems woere dead;
3, half of stems were dead; 4, most of stems dead; 5, plant
dead.

T EmHEIRE,
SYERF- B A L7z Ae. cylindrica &R O T IEFIERME
EEEEAEC N ERREEZEES RO N Fig 1-
2}, BHMOHEESHII LT, TA U HRED X
LLTHLRELERETL, TAXFOR GERMED
BEHETH S PL 173438 L RIEED ¢, 0 HEHE
&, Ae. evlindrica A5 Aegilops/Triticum complex {2
BT ESERENMEORETHSL D LRI
77o P1 173438 1 0 &3 IEFMEOE QX T F 0} s
PP EdBd b, 2HmAZ - P OiER,
FORFOETELPI 173438 LRAEETHALE
2B {F—7IE), TLAFCENT SERERE
BRI T REREOA Y ) —= T 10
RERENAM LN THAOHRTH A (Iriki et al.,
2001} Ae.cvlindrica (BT E TIEE LN

Table 1-1. Snow mold resistance and freezing tolerance of
Aegilops cylindrica accessions screened for resistance to
Tophula ishikariensis,

Species Acoession Srow mold resistance’ Freezing toleranca”
or cultivar (Disease sevarity) L5

As. cifindiea KU 7-5 146 a -iBB e
401414 125a -iB7 da
KL 2440 1.24 a 210 e
ADi3B4 1ifa —20.6 bod
KU 2438 i3 a ~188 de
KU 2486 112 a <—1840
400454 107 a -208 bo
400477 105 a -220b
60304 102 s -188 de
400476 085 a =-182 cde
KU 2441 083 a —1850 de
400452 08t a -20.5 bede

T aestivurr  Horoshirikomugi 388 b
Pl 1 734348 1.01 a <—18.0
Valjevshaya ) —24ta

"Snow mold resistance expressed as disease severity was evaluated in artificially
infasled plots by Typidy fiohifariensis.

Dizease severity: mean of individual snow mold resistance ratings: 0, no damage; 1,
lamvas were injured; 2, bess than half of the stems were dead, 3, half of stems ware
dead; 4, most ol stams dead; 3, plant dead.

*Fraezing tolerance was expressed as 1Ty (the temperaiure at which 50% of plants
are killed},

KU ancessions wers provided by Kyoto Unjversity. Dr. Yoshida, NARC, gave ather
Ae. cytindries accessions erginally coliected by ICARDA.

Valuss followed by same letters in the same column are not significantly different at
the 5% level according to Duncan's multinle range test,

Table 1-2. Wintor survival of degilops cyfindrica accessions
at Pavlovsk, Russia during 2000/2001 and 2001/2002.

Plant survival (%)
2000/2001 20012002

Accession or cultivar

Ae. cylindrica 400384 88 100
400452 B0 g5
400454 92 94
400478 80 96
400477 18 98
401384 &7 a5
401414 95 &7
KU 2438 87 a5
KU 2440 100 99
KU 2441 e14] 89
KLU 2486 85 93
KU7-5 93 97
PL173438 97 88
7. aestivum Horoshirikamugi 82 88
Chihokukomugi 83 90
lbis 64 9
Valjevskaya 94 a6

BHEAREAST TIC 0 REEBLTEDY, TAF
B4 LD biERENMERRCEESENEBLE
A, LimdioT, Ae oyvlindricalZid, TAF i
Bl A REREOBESKEET ALE2 50, &
SICEET ABELHALEEL RS,
3) A e ZHHCE A e, ovlindrical? FgcoEA
EARER i

EFFH T8~100% (2000 / 2001 £ Ff287
~100% (2001 / 2002 &) o/ WEFEEEZTL
7= (Table 1-2), LA»L, WEMESREK o LXLET
A, P1 173438, Ibis & FH.Fh 88~97%, 64~



91% & M FOAFEREEEST LY, KRBT —F
22 A P EERECLE O TESFENE LEET
BHof- DT 20004E 12 B (-10.2°C) THD ., Ling
IORFENIESIC L0 PR EEER-0. 1CEE
BENTINA, LihsT, AEBRTHEIMEED S
FMEAZSENIC EEThsmEL DN, BE
Bz 7= Ae. cylindrica p g FiZEif AMEMER
AEELTHERTHLNHE 3L, 5% bIlmsts
BT A LEL BILA,

T, SEOMEES

Ae.cylindrica @EBHEEFME S T LFIZEAT S
TEMERETHAS N, T, Aegilops spp. BAALOER
i b ofitEE RS LU SEREEEEEIROE
ADFEEEENTOLERHS, ZNLIEDNT
i, T AR L ORI L SMENAE, MEHESR
MOBRE] Lk THNE s of,

F. B

1) Ae.caundata @ 131 FfE#s LUK Ae. squarrosa @
352 ZM OB EREIE IR T EEEEREIC L
0DEHE L7, BHEOSVERITIRV HE L2
fo. LavL, #TEOREMERESE LD HEVER
MR LN,

2) fe.cylindrica 137 B0 T BFEHME & FHE L
o, TAFORLERNEosSEE LEA R
RV HELE 2, LAl Ae cylindricaiZdsif
L REFMEEEAEROEFER T LA FCRBITL L0 6
mEHEINTE,

3) FETEEREMECEL TR - X
FL77 Ae.cylindrica @ 12 il o F o s v o 76F
BEZH T ENOEEEMEER Liods, REES R
FHRE Thor-r-H, MEECE LTS bicidts
=I5,

1. BIH Sk

D ASERREE - REEME(1992) SEEA/ N EEZRE
ABIA, B LUC OBSERICH T 588 =
LF LD R, BEFHESS 42, 843-852.

2)Iriki,N., Kawakami, A. , Takata, T., Kuwabara, T. and

Ban, T. (2001) :Sereening relatives of wheat for snow

mold resistance and freszing tolerance. Euphytica
122, 335341,
3)Watanabe, N. and Kawahara, T.(1999):Aegilops

species collected in California and Oregon, USA.
Wheat Information Service. 89, 33-36.
(A EE)

Evaluation of Freezing Tolerance and Snow

Mold Resistance in Wild Relatives of Wheat

under Natural and Artificial Environmental
Conditions

Noric Iriki?, Kirill Funtov?,

Olga Mitrofanova? and Timothy D. Murray®

UNational Agricultural Research Center for
Hokkaido Region

2N. 1. Vavilov All1-Russian Research Institute of
Plant Industry

YWashington State University

Summary

Aegilops caudata {13laccessions) and Ae.
squarrosa 1352 accessions) were evaluated for their
resistance to snow mold in artificially infested plots with

Typhula ishikariensis at Sapporo. Accessions with

higher resistance compared to wheat were not identified.

Ae. cylindrica {137 accessions) collected in the
USA and Russia were evaluated for their resistance to
stow mold in artificially infested plots with Typhula

ishikariensis at Sapporo. Several accessions showed

resistance as high as that of PI 173438, a highly resistant

wheat check cultivar. However, no accession showed a
higher level of resistance than that of PI 173438

Twelve accessions of As. cvlindrica screened as
highly snow mold resistant at Sapporo showed good

winter survival in Russia.



(2) = LFAEHE & O L ATHEE, MEHESE
MO

F. BB

TAFOEEAR b L ATEEAEE S WEE (F
R Sl KB4, EmtECET 5%
FEERTIELOTRGN TS, BEIHECETAE
EEUERTLFEREELT, BERMC LD T AFD
EFEOB OMEEEFE T AFCEATA L
ExzbHhA, INEEEW L, cAFRREOD,
@ Aegilops spp. #BLETFTriticum spp. dZFETHL,
Aegilops cylindrica 7 =.A F IR HERE O LFHE &
REOEIMEETTREREET A2 S 26
LTk %, e cylindrica @4 ) LHIERGITICD T oA
FEEERDLCT /LEFT A LMD, Le
cylindrica /& OEFMHEE A L O, BIMECETS
FEROWEIBTEAABEENES, /-, AErT
BFIERT T Agropyron spp. & T.AX O BEHEE S
FERERFEL T L0, SERERMEL SUCTHE
MEOFETE Zbh T, 2510, SEFE
R IBENGEAT A b Ti, Bk
FIREIZ BT 2 BRI B NETCH S, RIEIZE
FAERNL, BATOLEDTHA 1) Ae cylindrica
OEEREMEORER o AX LB S0l 6H
T A MBI, Ae. cylindrica OEEERFOEFHE =5
A2 BELRHIC LD fe cvlindrica @BT AFE
EEEnErinEE o A XEE~EATS ;3
Agropyron spp. & Z.AF O BRMMEERRRR LA
R AL L LbicdEE T AX R S ORE
ERIgl, BRMEEERRROMESEEERL LT
DREANEFET L4 ~— P FEERTLXD
EBRFREFMECRETEEEACHICIT 55 SF
FEEE O o AT BN OE DNA i L 58
e IR R BT 5,

A . HREE
1R
{1}Ae. cylindrica R
EERESUEETR O 9 R (KU 2441, KU 2486,
400476, 400477, 400384, 400454, KU 2438,

400452, KU 7-5) (Iriki et al., 2001}, I3 L UARIBEHE
0 6 A0 (00080763, KU2401, KU2418, KU2661, 00089764,

00089770} {Iriki et al., 2001; Iriki et al.
2005}, A BTN o AF S PI 173438 (EERE

FHEERE), FY oLF (SERERETS
§5) ARV
(2) Agropyren elengatum, 35 X TF Agropyon spp. &
=L D 8 MR B SR R DR A ME D BHIE
0T oY e ZRFSERTIZ BV T, Table 1-3
{777+ agropyron elongatuml® %, Agropyron
spp. & T AT QBEMEBRD 31 R, 2 5TNS

Table 1-3. Winter survival of Agrogror elongofun and lines
derived  fren iMerspecific hybrides ot Pushikin chunng
2001 M.

]

"FEUEEE" & E'EEE'EIHWE’.I'LIHE Plant aurdwal {5

Aprphiriy el
37684 Lizheld stan m
AT0TE Turey a0
IS | rugusy T4
A0 Sumstralin &1
BHacy LSA ]
FI3S Carada i
40078 Balivia ™
4FF LX5A B
4371 Portugal 7
A4 50 Lhrsin ;]
H4ES Fucsa Hl
L4456 Fumem w2
L5711 Fosamia d
AN Yaman Arablan Republa e
LT Y BT
4588 | Rumsia if
A58 Fassis [:1i]
45H31 Mustrefin 70

Breading Brea derived from Apcaoprt? sop.Wheel crosson
40BRT PO =043 7
40AKE PRG0S 98 a7
40060 PPG 95548 8
0870 PPG 56540 a2
0871 PRG 25548 L
41085 PPG ST.460 20
Ja281 PRO &0 B0
e PPE 5
4030 PPG 64 0
40231 PPG 186 )
HIRT0 Fwenclrmoess PRGEDS =5
43062 FPO 301 o
4870 PFPO 28 oy
Ag883 Cabired 28
4380 Shred ar
A3 Ghred BE
480%F Ghrid L]
% PPG 5 ag
5P PPG 113 53
53540 FRO11E
B PPG 34T

B33 TY Farredurachesya 128
w1443 PRG B2Y
E1244 PPG A
40312 Mnogobetripays N2
4TS ferckormoyvays otrastmyushehe
47T Fomokormovaya otrastayushch
E0S Bnopnbeteryayn 3989
FEDOE Blnognbebrigeain 206
52007 Mnagolategaya 122
a0 Mhwgnbetngaya 111
Whaat chaoks

P B O = L o ———

Waluprwskava an
Chabohukomg A7
Horoshirkomug i1

1A coeasions of No, 40812, 59006, 59000, BICOT, and S6008 wura
chbaiad Trom tha greas bateasan Agropess shopratun and
Tt aestivam. Tha reat were cbfalned from crossas beteean
Fritacwms asstiiove ard A, oo or A, Atsrmediem



Table 1-4. Disease severity of acccssions of Agropyron Table 1-5. Disease seveiry of breeding lines derived from

elongatum and breeding . lines derived from Agropyron Agropyron spp./wheat crosses in artificially infested plots

spp./wheat crosses in artificially infested plots at Sapporo with Typhula ishikariensis during 2003/2004 at Sapporo.

during 2001/2002. Accession Mo.” Line, cultivar Disease severitya—
40887 PPG 54,45 4.8
Accession No." Line/cultivar Di & soa\.reri*n.-'Ej 40858 FPG 60748 44
Eraan hgalin 40870 P 38/40 50
g;gg; w}tg gg 40871 PPG 55,45 5:0
' 41068 PPG 57/48 4.9
37652 WILD 50 4324 PPG 185 a8
37654 WILD 47 45862 PPG 391 5.0
37673 WILD 5.0 61244 FPG 48 80
. 40612 Mnogeletiyaya N2 5.0
37685 Commercial 43 47028 Zernokarmevaya otrastayushchaya a.0
38901 CP1-22085 5.0 47987 Zernokormovaya otrastayushochaya 38 40
38902 Jose 5.0
38385 ORBIT 5.0 Wheat checks
40016 BELEN 4.0 zl ”3;!3}; , lg
oroshirikomugi ¥
43562 C8-7-4a7 I 50 Chinokukomugi 44
44371 ALSTRALIA - 77352 50 Ibis 49
44387 EL VIZCACHERG 50 1/The accessian of No. 40612 was obtained from the cross between
44483 WILD 49 Agropyron elongatum snd Triticum sestivim. The rest were obtained from
A4485 WILD 5.0 croses between Frficum aestivum and A, glavcum or 4. intermedium.
44486 WILD 5‘0 ZDisease saverity: (, no damage; 1, leaves were injured; 2. less than half of
+ the stems were dead; 3, half of stems were dead; 4 most of stems dead; 5,
44718 WILD 4.5 plant dead.
45404 TARGO 40
45480 WILD 4.9
45481 WILD 5.0
45452 W 47 TR T, BRI LT,
e .

Breeding lines derived from Agropyror spp. /wheat crosses”

Table 1-4 35 L7F Table 1-5 iZ7nd A elogatum?s %
#., B DR 26 BRE 4 Lo, MEMECE

38289 PPG 599 43 . }
40230 PPG 64 33 LT, Table 1-6 {4 BRIMMERATE 14 BifE L8
:gggg gﬁfg?@;mwm PPO-108 i:g T AF R (Valujevskava, MHERMEMER ;
jgg;g E"jbe'dzg ig Munstertaler. Valijevskava & ¥ MEMEHSoRo{EL 73

ibri ; N . B _
48889 Gibrid 40 FEEOLE LD LEOTNEEE ST BHERL
48890 Gibrid 4.6 =
48891 Gibrid 4.3 e
48892 Gibrid 41 {3) Ae. cvlindrica 7 & o A X E~ O EERER
5469 PPG 5 . 41 \
58530 PPG 113 44 DB A
58540 PPG 115 358 = ) . . P
cama PRG BT 40 EEFEEREOHSHEE LT Ae cylindrica 4%
58005 Mrogolethyaya 209 38 400452 & . RIEH F L T EEREERMEAS S E
SHBT3 Fernofuraazhnaya 125 4.9 - X
57443 PPG 827 4.1 SLFREF RS 2 LFE O,

{4) A elongatum & = AF OBEMEERM

Wheat checks
Pl 173438 22 Mnogoletnyaya 209 OWHEMERA L L TOEED
Horoshirikomugi ’ 37 o
Chihokukomigi 45 kil
Ibis 4.9

1)The accession of No. 59005 was obtained from the cross
between Agropyron elongatum and Triticum aestivirn The rest
were obtained from crosses between Frificum aestivum and A
glaucum or A intermedium .

2)Disease severity: 0, no damages; 1, leaves wers injured; 2, less
than half of the stems wers dead; 3, half of stems were dead, 4,
most of stems dead; 5, plant dead.

T AF AL (Valujevshkava (MHEMERER), T35
7 o b¥ (fEMESTRE L UNSERERETS
§9), Fr U oL (HEESSERE L UESER
EHrrEm) . B LR Tbis (MEMESRE LUOESERE
FIMESS) EEA L,

=S AFOZEEICALEE CHE ISR TS
S LFEETHLES P ERHNE,

(5) = AFD/ — Ko P RERESERERAEC

A -

FIEo LF O, PI 173438, Munstertaler {8
BERERME) . Sprague, R ) I AF (B
), BB S0 (FAen), FFR 2 =A%, Madsen

{(F5), Ibis {[A38) &A1,

(f) EYEROERI L SEREOEE

BKIE = A% EHE PL 173438, Rl oA,
FERIALFRIT Ibis #H W,

{7) Agropyron spp. & = AF O BEMEERERT



Table 1-6. Freczing tolerance expressed as LTw among lines derived from crosses betweeen

Apropyron spp. and wheat at Sapporo,

Accession Ne.”  line / cultivar

ETsy  95% confidence limit

59005 Mnegoletnyaya 208

53007 Mnogoletnyaya 322

26419 Hussar x Ae. cvfindrica

26423 Hussar x Ae. cyfindrica

40612 Mnogoletnyaya N2

47028 Zernokormovaya otrastayushchaya
47987 Zernokormovaya otrastayushchaya 38
38239 PPG 589

40230 PPG 64

45858 PPG 407

A8704 PPG 29

54691 PPG 5

58539 PPG 113

58540 PPG 115

58541 PPG 347

57443 - PRG 827

{wheat check}  Valujevskava

Minstertaler

-243 -228 ~ -257
-247 238 ~ 256
-19.2 183 ~-20.2
=202 -191 ~ -214
-17.8 -164 ~ ~19.4
242 224 ~ -26.2
-250 -230 ~-272
-223 -212 ~ -235
~21.7  -202 ~ -232
-189 ~185 ~ -193
-203 -185 ~ -224
~235 228 ~ 243
-26.2 255 ~ -26.8
-232 -230 ~ -234
=215 203 ~ =227
-26.3 245 ~ -283
-245  ~234 ~ 257
-198 -176 ~ =222

1)The accession of No. 59005 and 59007 were obtained from the crosses between Agropyron
elongatum and Triticum aestivum. The rest were obtained from crosses between Friticum asstivim

and A. glaucum or A. intermedium.

Valyjevskaya, a very cold tolerant wheat checl; Milnstertaler, 2 cold tolerant wheat check.

DY EEE
Table 1-6 Z7d RfE ML 7o,

2) Ae.cvlindrica ¥

2002 / 2003 SR LTF2003 / 2004 FT Ae.
cylindrica B LU o AFXFREORAMECEES &
Dot & B2, Ae cylindrica ZfE LT .4
FaEERA By Mot hEFh, 9 ARE
R L, BEZSak L UHES 00 BB ICEREL
WA L, Yoshida et al. (1998) @ FEC L
DHEZO AT ELUE . 2FEEEEFAIEL
.
3) A elongatum 35 L TR Agropyreon spp. & T AFDE
R AR T OBAEOHM

A w 7R, Pushikin @ BHBIC LT, 2001
/2002 £ A elongatum 35 £ TR Agropyron spp. &
=A% O BEEEEERROBA RO HE EH L
fo. ML, 9B 4BICHE IR, B 15em @ 14
x, HHEREC LY A e PHOEBTIEC L
0EEE L, Bt R EEE () TR LA, L
TR f Tk, SEBEEREE, 2001 / 2002 £ A
elongatum 35 LUNEREFEERERR) & L1F2003 /
2004 (BRMMERERR) & 0 AREICEEL
(#ERD 10em @ 1 W02 | BLBRE 2 IE) . BEEEE
WECLHHERATT (0~5) R TFHE L7,
M EEMEIL 2003 £ 9 H 12 B BA OB EB/ICHEE L
FepPEbE H, IRERTO LT, (Pomeroy and Fowler,

1973) Ik oRLAE,
4} Ae.cylindrica /6 o AFSE~OEERENED
ZA

FR 7 T LF/400452 F (ST H 7 T AT RIS
HELTELRERE kot SHROBREES L
THRASRICE D TREFROHEEE L m o1,
BCFAZHINT, ATRET T, SHEEACDAESZR
EHEHEB (E#:TE-12) ol L0 RERHE
Rkl L7,
5) A. elongatum & =A% 0 B R HEE 2T
Mnogoletnvaya 209 @WEMEEAL LToEHORE
fifi

Mnogoletnvava 209 & o AXSHEF 7 8 @58
Bedk s o, B F 8E) OMEELFEL -,
MR, BB TEEE A TR LA
HoFHE 12 A LEICER L, -22. 5" CARBIT i1 5
EFECLIOEMELE,
6) T LFD A= F= 7 R SRR E
THRE

T BN REO A TREH HER S AL,
Tl n— Bz o 7% 20°C T 28T - 748,
m— Rz 78 (148, 88 8), ~— F= 70
B (2°C, 4°C), r~— P ZBotEkass
g (-0.01MPa, {RESME ; 0. IMPa, FoERSRIE)
PEFEORERICE LETEREEA T, o B
VIR AR TR L SRR A/ M ER



EEMIB (EH1B-12) #8EL, Wk i
fEfa TE L, SCHETIZ 30 AMBL /-, #O%iE
ERNTHBESW, £FEE (%) LV EREETE
fl L7,
T) EHENOEER SEMEORE

HEiT, F1 e = P % 20CIEB T 2
W, ~— P72 C4BREIC L DERL,
R=r gl A A AR TR LS RE/NE
IREEHTB (EHETB-12) il WAk
TRAER TEY, SCHEETICEV -, 1EFAIEI
ABEETH LAY XL, B OESE LUEOE
EHHIE L, EEOBIEL. SEEE EER
B ITS-2 Bl E= Bl =7 F A ~<—% T, Real-
Time PCR (2L 0 Ao otr, EFO—FET I
F MR RETE Lo,
8) Agropyron spp. & T A O BEMEAEREOL
(ERER AT

Bl Bl TREFREIHRTH & L BT,
GISH iz & 0 Qe kgl & 38~ 7, EBI7 b
NI REFSRY L,

. RRRIEE

1) Ae. cvlindrica ot

Ae cvlindrica @77 7 L EEIL, 2002/2003 £
ik, TR, SERENERE S BRERE
OEMEMICEEEM B N2 -7 (66.2 mg/g
s fw B L1626 mg/g  fwy A3, FBT 90 BT,
EHMERROEZ I2PBEER LS (43.6 mg/g + fw
BLIF24.9 mg/g - fw). 2003 / 2004 iDL, BT
i, BES®E LICENMERROE I BEhof (R
EB169.5 me/g « fw BLTF33.9 me/g » fv, BEH% 26.6
mg/g c fw BLIF12.3 mgle » fw), T AFSETIL,
EEHEEEEERO PT 173438 0747 # L SEiT,
RERT, BT % & HICRERESSREOF F Y o4
FLOLBENMEER LA (Fig. 1-3), T AFSETH,
EEFENEERLEIIESmO T Ly FUEES
B, FORE, BSETLEBO ALY Z R
BLTWAZ LHHELMARCIZN TS (Yoshida et
al. 1998). Ae.cvlindrica o BIEFETIEER AT,
TALAXDEG EFRICESRO LY LUEENR
WS, FRIE, BERMO A2 F 5 ENE VS
&b, BEMOERBEIIELIG VL DOBET
TODINTZABRENMEN D LICERT 5560
A EMNEO LN, Lisd-oT, Ae cvlindrica

L= A% ST SR ERFET S L H#E
S, TAFICEOEEFEEATLSILET, BF
REECET 2EREOR KR LB L LT,

2} A elongatum 35 K TR Agropyreon spp. & TALFDE
FORERE i Sk e OB A MEFE(T

A n 7 HHREO Agropyron spp. & T AFODE
R A B O—F6i, A elongatum & OIZET
BT A5, BEHAFHTHL D, Y e 7 i
FO A elongatum RO BEAME LEE 2,

23 o 7RO Pushikin B 7L, A elongatum ik
50~88% ¢ Agropyron spp. & T .AF OERIMER
SERHIT T8~08% D EFEEFE LT Lz (Table 1-
3, Lasl, il LTHE oLXEEOEFEE
FEEL8T~30%E®m<, 1. (1) ETRLELIE
FEB A OAEE O SR SREC 8 L 727z ol
HEM ElOMEMES EREICIE TE o ER
A,

FLIRIZ 31T 5 FHE Tk, SEREHECE L T,
A elongatum OIEEZR 71 4.3~5.0 TH 1,

b o AFOBRHEEARARILS. 3
~4.9 (2001 / 2002) FFE35.8~5.0 (2003 /
2004) THY, TLFOEEHERSLEPT 173438

Agropyron spp.

Fig. 1-%  Frociam content of smow meld rosistent ansd
amseptible  accessions in Aeptfops oplindrico bafore siow
cover amnd afice M cdays of sonow, o 200303 e
200300, Open bars: snow mold suseepiible avosisions
(from the lower left io the wpper righi, OR9TEE,
BRI CLA 18, KL2aal, OEOTAd, OEEETIN. Hatched
brarsz ancew teold resistont accessions  (from fhe bower left o
the upper cight, EU 2441, KU 2486, 400476, 407,
A00GEd, 4045, KT 2438, 4iisz, BEU T-5) Solid beas:
wheat checks; T PI 172438 {soow mold ressstunty ©,
Chibwabmboommugl {snow sl susceplible),



L0 L{EVERME AT Lz (Table 1438 XU Table

1-5), TR & 300 <. BRI SR a = EO/er BZG/bry BTG Aer mG/ory
M LTy i3-17. 8~-26. 3 TH 0, = AFOfHH 5% e T
T TH S Valujevskava CRAETHLLOBREDL S

i (Table 1-6). LAt~ . A elongatum (22
REFEOBEER S LTI TE 20, T
MOBEERL LTERATHL ERNERER, #

O BEMEE R ERRICEA ST S EE

R HsEEZ R,

3) Ae. cylindrica 706 2 AF LB~ OEBEBERMED

BA

ELAHEIZ L0 BCF, & 1 @FSF, Soihi-@E
EORBERT In=4 T, RSB ITIHE b
DBEER G, 2 LFDS /) LI Ae. cylindrica @

CF / AORBES 1IN ERTHEEELIGR

fo. BT X 018 LI BOF , OB R N woor
RESEREIIR T S ETFERI N T, FFr = 25t
LF(20%) LV EBIIE ol E D, Ae 008
eylindrica 70 BB EA S BH73E 200
bR EE 2 bhE, .
4) A elongatum & = AF O BEMERERE B,
Mnogoletnyaya 208 ORREEREARL L TORBAOOFE 5,001
i 0.00 3 :
F 7 L Mnogoletnyaya 209,33 LU Mnogoletnyaya Q\\"’h @\,o‘}e‘%q@@’?' @@@ m&e}\ ‘}_\\b \bf@ ."m 2%%2?
209 /& & L3 F, & 30 @O mEM 4 -22. 5°CIc & ¥

JOAEFBEETHEML-E 24, ThEhOE,
A7 285 0%, Mnogoletnyaya 209 #310%. F, 5 hardening temperatures, soil matric polential and resistance
A 3% Th ok F,EBFAOTE TR 2 L0 to Typhula ishikariensis. a: hardening period = 28 days. b:
Eaofc I kb, Mnogoletnyaya 209 (LR hardening period = 14 days.
FELTOBAXRSHLEEZ O,
5) 2 LK D/ v— N2 SRS EEREREC RF
TRE
ThETOEE LA, — F=r FHEORE
I ACHIZIA2CR O bBENF, ~— F=w7
HEOFEVE O BERABEIFELS, ~— P2
R EREAE T o0 H 5 2 L AR
Al Eie, Fklo, N R SROTERO
KRBTy LA REFEOREBTUCEESLRIT L,
BEREEESERMEZETERLI _EBRLhES2S
fo(Fig 1-4), Lie#t-<, SEHAOFMCERL T
EK, H5 VBRSO LEEPKICEE T2 LA
BThd L EBT IR,
6 ENIE O EEIC L SO
BRI AETEC LSO RVI LIRS LT,

Fig. 1-4. Relationships between the hardening periods,

HiEER OEMERNOEEFHET LI LR EBLE
L5, £20, BRAkOSEEESR e
Hv BEEd o AR UIROHE N RO MES
Pz, EHE1ERRICRE T, SERERTHES
O PL 173438 11, BR IUEHICR O THOLEL
0 hE L E DNA BE5T L (Fie 1-64), #5528
BhEROERET L, 3 ERIIE INAE&D
sefEM =G LA 0, B AERICE, BREO
&V This 0 DNA A3t & b~ THL< fe oo (Fig. 1 -
5B). ZORDG, O EEEd B E
BlIZB I HETHIEZLORE, Ei-. BE
FEHT TR AL TE PL 170408 OEZERIC BT 5
DENIRIR LT, B B TRICR W TERE
BEE L LS BHERCERENE R,

71 Agropyron spp. & 2 AFOBRMEEREZRFEOLR
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Fig.1-6.GISH of Mnogo] etnyaya 209.

Agropyron elongatum.

o EHER
Table 1-7 {Z77% L 912, Mnogoletnyava 209,
Mnogoletnyaya L11 73 2n=G4 # 513 56 D@ Fi

Table |-7. Chromosomc numbers of lines derived fiom
crosses bclween j E#7 0 -1°jll spp. and whcat,

Accession N6/’Ljnlé ! Chromosdine numbers
40230 PPG 64 42

aii PPG186 b
Mnogoletnyaya N2 i
ZemokormovoiPPG- L2

PPG 827
Mnogoletnyaya 209

MnAnalatnunua 299

59008 Mnogoletnyaya 111 56

54 56

1)Accessions of NO. 59005, 59007 and 59008 were . btained from the

crosses between { Igyapjfoz78é% zWIfzjy?7 and 7o 7'& % j m 3 & air'yljy?7.The
rest were obtained from crosses between yii‘tr - ¢t & & 2 £ J-v um andj.
98&2zjczj7?7 or, 4% termeditjm.

T i3hid, §TREeFEEE 42 Thoto
GISHEIZ L 0 BBl ER 25, 28D
LAEBROLORTATHEILFORBETHY
Mnogoletnyaya 200 OUREEERT, o AHF+H8]+H]S
tA. elongatum &/ Aid JJJ JT) . Mnogoletnyaya 111
=L F+H8]+H6]S TH =i (Fie 1-6),

T, S%OEER

1) fe.evlindricaicBCR O, BEFTOY
Mg B DEEMS DA B SR — s
SAFLECEOTLEET O ER TSN
EilHD

2)Real-time PCR {Z L SiEMIEN O EERE ERIE
0T, BEEEBRNTOLERSH S

3) Ae.cvlindrica 726 O BERESEOEA
Agropyron spp. & ORMAFMERERTS O OMIREE
BAIZH- 2T, BohiZHOBESEFRIE
SRR TOLERSH D,

. B#H

1) e cylindrica @ T EFREMERAECDL, fFRms
T 2 AX SRR M PL 173438 O
By — L HEBRNCEEBO 72 F R EET D)
ERRGL, HETTCOI L2 7 U EBN DR,
ES L OBHL I EMSFEh O, LizA T,

Ae. cylindrica 26 OREFEEALL L O EHREOCE
BOWYRVHEETELEEZ GV,

2) e ZRHETFE®., Agropyron eleongatum i A
glaveum 2 b 2 L% O BRMAHERFK OBA S
FMLiz& Z A, SEREREOCBEVLOEE -



fed, MHEMECE LT, 2 AF TR BV REE
REOL O bR,

3) Ae cvlindrica A% 400452 |2 AbiBIE O = b F SLFE R
S ERLAZML ., Ae cylindrica M@ 1 3
WA Ehd LI BERERESEA SRR
#EfER L,

4) Agropyron elongatum & 2 AFOMERREEE Th
4 Mnogoletnyaya 209 & Ab¥EE O = b SO AT HE
HAOEA ORI L0, ZORESTHEEDE
BERE LTEHTHEZ LA E ot

5) BRSNS EERERETET I :00,
EHUEO MR L TEEK, 50 BB O LE
HOKICEET O ERUETH LI LT Eh,

6) SEFREOCERI KT SEMERNOE DN 53
FEERECEEL 2L L ET LI,

71, SIHIHER

L) Iriki, N., Kawakami,A.,Takata, T., Kuwabara, T. and
Ban,

T. (2001) :Sereening relatives of wheat for snow
Mold resistance and freezing tolerance. Euphytica
122, 335-541.

D.B. (1973) ‘Use of

lethal dose temperature estimates as indices of frost

2)Pomeroy, M. K. and Fowler,

tolerance for wheat cold acelimated under natural and
controlled enviromments. Can J. Plant. Sei. 53, 489-
494
3)Yoshida, M., Abe, J., Morivama, M. and Kuwshara,
T. {1998) :Carhohydrate levels among winter wheat
cultivars varying in freezing tolerance and snow mold
resistance during autumm and winter. Physicl. Plant.
103, 8-16.
(AR - BREXR - mHFEAD

Development of Wheat Breedineg Materials
with Improved Freezing Tolerance and Snow
Mold Resistance by Crossing with Wild

Relatives of Wheat

Neric Iriki’, Zenta Nishic", Kaneneri Takada® ?

Hongii Li¥, Timothy D. Murray”?, Kirill Funtov?

and Olga Mitrofancva®

UNaticnal Agricultural Research Center for
Heldbaide Regicon
INational Agricultural Research Canter for
Wastarn Region
YWaghington State university
YN, I.Vavilov Al1-Russian Research Institute of

Plant Industry

Summar vy

It was shown that sugar metabclism in Asgilops
cylindrica under snew in relaticn to  snow moeld
raszistance i1s diffarant from that in wheat., Highly sneow
meld resistant wheat cultivar PI 173438 accumulates a
highar laval of fructan befora snow cover, reosulting in
highar fructan content after snow covar compared to
suscaptikle cultivars, whoreas scma rasistant As
cylindrica accessions daplate fructan to low levels under
anow, rasulting in highar lavels of ftuctan than
suscaptikle onas.

Broading linas darived from crossas of Agropvron
app. and whaat, which are maintained in N. I.¥Vavilov
411-Russian Ressarch Institute of Industry, wora
axamined for soow mold resistance and freazing
tolarance. Notia of them showad highar levals of soow
meld resistance in artificially infested plota with
Typhula ishikarisnsia at Sapporc. Scme of them showed
treezing tolerance as high as that of Valujevskaya, a
high freszing tclerant wheat chack cultivar

By backcrossing wheat cultivar Chihcokukomigl te
a stow meld resistant accassion of fa. cvlindrica
400452, a lins possessing the wheat getioms and a pair

of chromescma of fa. cvlindrica was chtained. Tha



anow meld resistance of this line was higher than that of
Chihchkukmmgi.

Mnogelatnyaya 209 darived from a cross batwean
whaat and Agropyron elengatum was croased with the
whaat cultivar Hokushin., The F, populaticn showed a
highar leaval of freazing telarance than Hekuhsin, so that
Mhogeletnyaya 2098 could ke a potential source for
improving freszing tolerance of whaat.

It waa found that the seil molsture content affects
the amprassion of snow meld resistance in wheat.

It was indicated that the DNA content of stow
mold fungi in wheat plants incculated with the pathogen

was related to the reasistance laevels in wheat cultivars.



2. 7Ny Z v SREETRBE T RE MR L B
FRZE

(1) SLFOT V07 aBEFRERTFHOBEL
HEAE

7. HEEH

R AFOmA B S, TR - SRR
HEOWFORAOE  ESBLEL SR L, v Fo v
RIS AFHBICEES NI EERO I F
RO e o O RAF—IR T T < Ml Esg i
b0, TOEEEOEESTIEE., SERE
mEOmERER LEET L AT ER TS
{Yoshida et al. 1998), AL, 712 F O
BESZEE TR/ A DNA OREEREIT 926 7L 0
FUEEEERR O I L, T ¥ o AREEEE
fEFERA LEmEt, SERERER LOEHo
EMEmAEFBEL - LEFENETS,

4. HEEHE
DA EE TS

FiE = L (Triticum aestivum L. ), PI 173438 &
ALRET18C/1TCE ) T10 A~ 38
MIE R LB E e,
2 ALFT S LTAT T V—ERES LTUNL-
SST (sucrose:sucrose 1-fructosyltransferase) 7./ B {m=
FECFIHRR

10 BRIERE L7 PT 173438 DA 5 CTAB EETH
JAEDNAFHE LY, BELES /S LADNAEKIE
BEE Sau3Al TEITH{K L, DNAMTR % Lamba Fix

11/Xho I Partial Fill-in Vector(Stratagene) {ZfA L. &

S BTFATT )R L, TATTU—%1-
SST (sucrose:sucrose 1-fructosyltransferase) @34 ./ i
DNA wft2. AB29833:Kawakami and Yoshida 2002) ¢

Nefratosithee. matif NDPNG

H+406-7 +415-6
ATG

[-S8T eDNA (w2}

¢
1-85T gDNA

Exson 2

+1287-88

406 16l 8§ 146 872

5 N TF FETe—F L LTALZ ) —=
LT, S ADNA e — B L, =—
5o AT wit2 OEE R OEERF ERA LT
TAT—UA—F S THEREL, ToE— 7 —fEE
{3 TATL-PCR THiff, HEEZ|FHRELE, 7o
FE—&— cis T LAY FEEHTIE PLACEweb H 4 F
TR,

(http://www. DNA. affre. go. ip/htdocs/PLACE/)
3) T uE— F— IR

B/ oe—F—Eg v H—>—L LT
sGFP(SRST) &2 WWET T AI KE, »—F 42
N TENBEER L - = AFE 3 ORI T
Bidd, 20 BEERIC—EEESH - O OBRXRERE LT
WO A L fm, & 60 cis—acting element FEIEK
BEOED, TaE—F—0OF V—grir)—X
{7 sGFP(SRST) &2/ &, FMEO FETHREREN
iT-of, sGEP{SAGT) & -7 & — (1B IRk
FERPE L 0588557 (Niwa et al. 1899),

. BREUEE
1) 1-SST D4 /) L

1-SST D = —5 -1 > Z 8 (1989bp cDNA)IZ 37z
55/ LOEERF| R L o, £Fi 3326bp
T, 30D ey ERoTINE, B2
1L DA A N F— P REFICFEET SERTL
KEE T2 Vb LTSI TS 9hp @
Tz VL RAEOESTEH 2 - (Tymowska-
Lalanne and Kreis, 1998), 2@ I =x 7 J2id1 v
A —FEELL § NS PR
b TN HEER B EE AR EELTIICEE L
(Fig. 17), 70N & GRERCREER DT I/
BEBAFIL A i —F EE BRI AR RO AL, A
R THEEE R 1-SST LT/ AEEFTH A 2

Ta0 3

+1989bp

Tntron 3 i et
1030 T02 (bp)

Fig 1-7. Structures of cDNA (wit2) and genomic DNA of wheat 1-85T. The coding regions and infrons are represcnted us
thick' black lines and whitc boxes, respoctively, NDPNG indicates the highly-conservative amino acid sequence of -

fructosidase motif.



NEF—BLEEEOI s Y OFEERF O
FERRERTE, 2O %p @I VgL, ST
T AT ADBEEEENRBEEDEEI LS b
A b T AT 25 —F (Lidgett et al. 2002) k=
V=D s & iR ) LB ET THLEES

WE XN TS Michiels et al. 2004), —HTHA A

F @ 6-SFT e h—sL 7 = A Z D 1-SST D7/ Lz
FloE i =7 Y IAFE Lz v(Licher et al.

2000), > b oot ey —E A 5T BE
FoODIZHE LT, RBETHIBTH-k, 42
AF (Lucher et al. 2000), ~SL=TF 50 F 5 A

(Lidgett et al. 2002, Chalmers et al. 2003) TA LIS

Loz 7y 2o REBETOA b O
BH IR, —F T, FU—OT N0y FoniE
BEZ(1-FEHIIL 6204 > b T In5 b
BPREEN TS, F— 7= A2 O 1-SST & wit2
i cDNA VST T9%MFBRIEA & B0 h A
bod, I AFI-SSTOE L, 31 barlk,
P72 AP 1-SST DE 1 B2 12 F it
FIEIL 57 %R LU0 55% & B o i,
)T uE— & — ML

TAIL-PCRUZ L O, EEES ./ A 1-SST 0 5 kiRt
b 1342y DT R E—F—FHIE L, ZHT o
F— A —PUIET— = AR LV EE L
USRS EEST ST LAV FETFET S D
& AR A fuf (Fig 1-8), 2 5 _BIEIC GFP
FEMESEEAS RO T S AFENT RN
WEBEIEELLA, GFPEEEHEABE ERESD
Edn, Tur—SF— L LTETHE ARG
e,
3 T uE—F——im RN

1-SST 7 m-E—#—iEtEid, 77231 FEALE
ANCEESERE 4 AAET 5 LI L A Y GFP O—iaf
HEEABH I b, FOREEHTHERE
HAEME L, ¥/ 2 B THERIIBETHRR

R 2y g—ﬁg
146 3
] Ll Pl

GFF

Fig I'8. Analyses of putative cis-acting elements on 5'

flanking region of I-SST gene. 1, PALbox; 2,
ELRE(elicitor responsive element);3, G box; 4, Myb; 5,
Myc; 6, 1Box(light responsive)core; 7, TMAbox.

Pz oot I bnh, KRFEELY LS
WL SRIEER TH OB LORHEFEES ST
LILATEEERE, 1-SSTO 7 a®t—F—EMEd
RS R, Sa—A, T PR,
Asv— AT LT GFPEHEAEMLE, £
fo, Sa—R {FEAFYy—R) TL0IRET
HIEMNTERE, 2617, EEI-SST 7 aE—
F—il, ABA L SEFHEMEEREYNEICL -
TOFP EHAEM L =0T, FU—3BLU
Ha bR a—F— g TSRS R A I
B, FREREERAOREEZ LAY FTHEMY C
& ELRE A3#8AE LT, GFP BHMMIZEE LT3
ZEMBALMIIR o {3 - —BirC o
DTHRIREET—Z),
TuE—F—nEEE T F EEREET
L LT, A K 6-SFT (Nagaraj et al., 2000 &
=2 U—@ FEH Michiels et al. 2004) #3335, WEE
FELA - ATERFE NS ZEAAEE
TR AR T ER, A2 LFD6-SFT D7 aE—
F—lT TSmO A 2 o— AFEE cjs T 1A 2 FATE
FELZWOER LTF2 ) —@OFEl TiEA 7 a—
AFRERTEAIS T o E—F— RIIFEST S, SE,
LR THE AR e E— AW BEE DR
72— AGFEERF I <. MOFEFEE cis T A
v hOEESATRERS, Fit, FEABALS L
I ADBETHRECETL /oA F—2 D@5
frER TN D,

T, 5% OEER

1-SST {3/ ~— F= 2/ 2 A OB THEHESS
BExh, FHEMIEOERESENT S 2 LT
BRERTd, $t%, = L5F0 1-SST EBMEORE
BADfzbiz 7 oE—F— kD ecis T 1A W FOFEM
fe (T BAPHEE R U F O LR R TS ORISR &
THORERSHD, =607 O8I, EBRTEFRLN
FERT v —F—, EEE b E TR SR
EYos— BB LT, A TEMARAEICLE
RAumRlins,

4. B

s R SR o AR B S h SR
D7 F TR 2 L OTE R & SRR
ORI EICEET S, YHREETCc DNATHEEL =7
N2 & D ERS —BER (1-SST) BE T OEEES



ERGWT, SAFS ) LTALT T —H5, 1-55T
F/LDNAZa—RHEEEL | EERFFREL
fro L-SST 07/ LBEFEI 2O/ Parb 4
My VU EBRER T, B2y YV d
A e S — BT ) ABETTELEE IR TS
Oop DIZT L VT, [-FNY P F—EEF—
TPRUITEE LD, . IOBGFOL _LtEE
TAIL-PCRIZ LV BEEL . #OA Tz ®—F—
BHEEFE- TSl EEReMILE, 207
E—HF—F GFPZ o — MR ER T A7
mE—F— 3k, ., ABA, =V Il ETS
ZEMSRERTE,

7. SIF SRR
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(HFHEHAED)

Cloning and Characterization of Wheat
Fructan Synthesis Genes

Midori Yoshida

National &gricultural Research Center for
Hokkaido Region

Summary

Fructan, a polysaccharide accumulated in wheat
tissue during hardening, is related to the resistance of
winter wheat to freezing and snow mold. Using the
nucleotide sequence of a c¢DNA coding for a key
enzyme (1-33T} involved in fructan synthesis, we
isolated the 1-55T genomic gene from the wheat
genome library and determined its sequence. The 1-55T
genomic gene consisted of three introns and four exons
The second exon was a 9 bp mini-exon that had often
been reported to exist in the invertase genomic gene and
was present in the [-fructosidase motif.In addition, the
5’ upstream of this gene was isolated by TAIL-PLR and
found to possess promoter activity. This promoter was
fused with GFF in a transient expression experiment,
which showed that this promoter responded to light,

sugars, ABA, and elicitors.



2) 7y 7 e piEERBETEAL L O,
i S HEnii = L O TR

7. WA

WEI LFIRTHLERTEANM LB EER
TEOEHAEE E s L 90k dl, 2 LFD
FEERIFRIFREES s+ L T80, BrEhii
g o Tetely, L LAaedis, = AFmE
4« B E KRB EE R 5000, EROF
RETHEREHY, FRA2BEETFEAWERER
B L5 EREHOBERENENNRS, FAEE T
= EM M, SRR & EEASE L ASTERA
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et al. 1998) DESHEBEZEECTEFEALTILATEE
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A IREE A

1) #E RESE, B 125, Daws (BAEE 3 &

F&). Turbo, Bobwhite (FfE2 5FE) ORI,

2) BABEE I LAFOTIY F o EHEESE 1-SST
{sucrose:sucrose 1-fructosyltransferase K UF 6-SFT
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wit2 B O wftl {Kawaskami and Yoshida, 2002],

3) WBEHBRA A~/ 7 — 2 7 AT g — A g
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= —BEFEEATLFEIE -

(1) co-transformation

pET133-S8T/pUGT

ubiguitin —promoter

(#)  one plasmid trahsformation

g IERNERNENN,

. E7

pMLHT133

SST/pMLH7133, 6-SFT/pMLH7133(pBL ~X4 #—) &
iz (Fig, 1-9), pET133 35 LU pMLHTL33 <27
& — A ERMEE., REREURERER L 058
F 2T fx (Mitshara et al. 1996),

OBFETEA, BEEESERTE  BIEHRS 10
A A 2 O FRBEE ( L0nn-12m0) & FRig 4 R
L, EEER Lo LS M EICEFE®, 15 %
Vo= F g 2 TRETEANLE, BETEA
FLBIORAD »3—F o 205 1 23— A5 4 PDS-
1000/ He TiTV, ¥THiAZE Takumi and Shimada
(1997) DB~ f, MR TCLEE~— 21—
NPTIL BEF #FH L. G418 &&¥r LS 554 &
FiTof, BETEA L A®RICEERH(LSH6418)
ICIEEBEFRE L, FORIZ, 7740 —4a—FF &
i HEOCEH S E T OBz, 1 HEERERT (6418,
20me/1), FOHMAF(GAS, S0neg/l, 2 EE) TH
JATREREE L,

F V= AH w FEFRILE L ERGC S
(G418, 30me/1, 2@ ICEBR LT =— FHERY
B, EEE ol a— FEMS B RT3,
=3 Fa T P ETIE L, #T L,

o) EAEG A EEEED = AFENL T S L
DNA % DNeasy Kit (QLAGEN) THHUEELA- 1T,
CaMv3ss 7 t— & —i L #EF ORFREE TO
748bp % PCR THEME L. EA~Z & — G REMC
Alkphos Direct{Amersham Bioscience) TEYEIEFL
fe7u—FERNTPRFF ey MEIZLY
BABGTERAH LT,

Fig 1-9. Constructs of transformation
vectors for bombardment.

P355, CaMV3ss promoter core(-90 ~-1};
E7, Partial and repeated scquence of 338
promoter 5' upsiream; In, phaseolin first
intron; £ , 5" upstream sequence of TMYV,
Tnos, Terminator of nopalinthynthetase; 1-
S8T, sucrose sucrose -fructosyivansferase
cDNA{wfE);, 6-SFT, sucrose fructan o6-
fructosyltransferase cDNA{wf!); NPTI,
neomycin phosphotransferase gene.




123 4 567 8 9 111213 PBob,
Fig 1-10. PCR Southern detection of 1-S87T (wh2) in To derived from Bobwhite,

Atrow points 748bp PCR amplified fragments. Plants with underbars carried wit2 in the genomic DNA. P and Bob indicate
plasmid (positive control) and Bobwhie {WT}, respectively.

A} " . 35 B) 68 €y = . ™ (Strain No. of To}

P {8 47 48 49 58 P15 (T}

Fig 1-11. A)B)C). PCR Southern detection of 1-SST (wit2) in T, derived from Akadaruma.
Arrows point 748bp PCR amplified fragments. Plants with underbars carried wit2 in the genomic DNA. Aka and P indicaie
Alkadaruma (WT) and plasmid (positive control}, respectively.

Tablel-8. Number of immature embryos, regenerated plants, seed-harvested plants and wit2(1-S8T)-detected plants (To)on
transformation by particle bomberdment.

(1) Co-transformation using 1~SST/pE7133(pLIC) and NPTIL/pUC

Cultivar Immature embryes Regenerated plants Seed-harvested planis Gene—detected plants
Akadaruma 2477 15 50 14
Narin12 2088 32 : 17 0
DANIS 252 0 o 0
Turbo 1339 5 3 g
Robwhite 245 : 25 22 1
{2)Transformation using 1-SST/pMLH7133
Gultivar Imrmature embryos Regenerated plants Seed-harvested plants Gene—detecied plants
Akadaruma 3651 73 72 2
Norin12 3459 28 26 1
DANS 3035 14 14 o]
Turbe 5443 48 47 0
Bobwh i te 9244 141 133 22

Tablel-9. Number of immature embryos, regenerated plants, sced-harvested plants and witl(6-SFT)-detected plants (Toon
transformation by particle bomberdment.

(1) Transformation using 8~SFT/pMLH7133

Cultivar Immature embryos Regensrated plamts Seed-harvested plants Gune-detected plants
Akadaruma 6280 114 105 - =
Morin12 4728 12 12 =
DAWS 3044 10 = -
Turbe 890 0 : 0 - continued
Bobwhite 4467 35 31 : -




U, SEREUEE
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Production of Wheat Transgenic Plants with
Introduced Wheat Fructan Synthesis Genes

Midori Yoshida

National Agricultural Research Center for
Hokkaido Region

Summary

Aiming to breed wheat cultivars excellent in
resistance to freezing and snow mold, which had been
difficult to achieve by conventional breeding methods,
an attempt was made to establish techniques for
producing wheat transformants with introduced 1-SST
and 6-SFT genes coding for the synthesis of fructan, an
accumulated polysaccharide related to the resistance.
Immature embryos of five different cultivars were used
for the gene introduction to successfully obtain
regenerated plants with introduced 1-SST gene (T,)
from Bobwhite, which had often been used for
transformation, and Akadaruma, which had been
reported to be transformed by the gene introduction
method wused this time. No T, plants showed
morphological changes such as malformation; seeds
from the T, plants germinated nearly 100%; and T
plants from them were not observed to have
morphological anomalies. Some of the individual T,
plants were observed to possess the introduced genes
and normally produced T, seeds.
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A. Valuevskaya, Ibis Haruyutaka
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15 <4 mELIP
B.
werl2
FRNA

Fig. 1-12. ELIP and transcript accumulation during: celd
hardening,

A, Western blotting with the anti-wheat ELIP antiserum. B,
Northern blotling with the werf2 cDNA encoding wheat
ELIP. Samples were collected 4 h after light on.

s 40 73 B6 146 158 174 amine acids
RN “““““““‘%&:%6’#“*“‘:
N B
5 SRR - -, SO
§esd ¢ a transié peplide fe chloroplast
\\\ the conserved hydrophobic domsin ¥ among ELIDs

| 1 the conserved hydrophobic domain [} among ELEPs
s mature pravein, 13, 7kBa

S IEBHBITWESS, TAAFRTLFILE
Frig. 1-13. Deduced structure of WCRI12,

C
light 0.5°C dark  20°C dark
K C4 10 24 48 72 96 24 48 72 96
25 T R
E ""_"‘@IJEL""
5 A mErlp
Fig.1-14. Stabilization of ELIP protein at different
lemperatures,

Seedlings were treated with cold temperature at 2 "C with a
light intensity of 50 g molm’s™ for [0 h. After cold and light
treatment seedlings were incubated at 0.5 "C or 20 "C for 96
hin darkness,

VT, v B2 R o T SRS A
KRESEABEER TS Y, ELIP (3EEEO
MR~ DA ERTRR IR TR VY)Y, P
V2L BREEME O L ELIP OEE - ORhEM:
EEEL, £, EIB(0.5°C, BE) EUEIR(Q0
T. BE) SRETICRITHELI ODEEREFE L
frb A, FREETE. 4 BERCHE BHE
Y, TTICBRAETL TS L HE SRS,

Light  Cold
Tl

< mELIP

Fig.1-15. Effect of cold temperature on ELIP aeuunulalmn
under llght or dd.ll{ L()lldltlonb

A. Northern. bletting Wltil 1}_1e weel2 ‘cDNA uzeudmb
wheatELIP, Seedlings _W_ere treated with cold tempetature a
4 °C for 4 hin .derkm,be B. Westan bldtting witle. the -anti-
wheat ELIP anmerum Seedlmg% were reated vn[h hlbh light
stress  at I(JUU # “molny® s for 4 h (nght) a.nd cold
temperamre at 4 C with, a light infensity of 50 . molm 5

for4 hor24 h (Coid)

A, etialated _ﬁ'eedlings B green seedhugb _' ._

Light
C4122448 72 - §

("4 12 24 48 7z

LU

ila
31 al
.5 2 £ et
wdpeLie P
13 mELE?
14.5

Fig.1-16. Effect of cold temperature on ELIP accumulation
under dark conditions.

Seedlings (A:etiolated, B:green) were (realed with cold
temperature at 4 °C for 72 h in darkness.

Etiolated seedlings were also treated with high light stress at
1000 ¢ molm™s' for 8 h (Light 8) as’a control.
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Fig.1-17. Cold and light-induced wvisible damage of

|EFEE 11S11 7 k
A, wild-type B. plant from werl2-anti-7 transgenic lines

Table 1-10. Comparison of the chilling injury between the
wild-type and werl12-Anli-7 Iransgenic lines.

Degree ofchilling E.C.b(%)

injurya(%s)
1041248 42 8 -2 17
wild-type 453+6.5 63.8 3.2
wer12-anti-?

4 wiltcd or damagedareaofihe 3ld leaves aner ¢()ld and ligh1 1rcalmcnls)

Itolal area oflhe 3d leaves bcfore Irealmenls & 100

" Eleclric conduclivily: 4conduclance of lea, -cs aner cold and ligh1 1realmenls3
1{final COndUClanCC anCr killing * 100

iSD

EmoEENSTED o Tn5 2 E (Fig 1-15) .
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PSR E & s EEL LR,

2) FEEH & B v 2 3 ELIP (OBSEERENT

\, @ Vo tyos
\[ B vcril-ean-1)-0

60 120

0
Duration ofillumination(min)

Fig. 1-18. Time coursc of PSI1 photoinhibition [measured by
the decrease in the FV/Fm chlorophyll fluorescence ratio)
during cold and lighl slress lreatments.

Young expanded leavcs were detached trom S—week old
planls and were incubated al 10 ° C under lighl al 1500
molm—"S-'
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Expression and Functional Analysis of Wheat
Early Light—Inducible Protein

Etsuo Shimosaka

National Agricultural Research Center for
Hokkaido Region

Summary

Wheat ELIP accumulation was sustained under
hardening condition and mature-ELIP accumulated
earlier in Valuevskaya, a variety highly tolerant to
freezing, than in the other two varieties. It indicated
ELIP accumulation was related to increased tolerance to
photoinhibition of photosynthesis during hardening.
Although the accumulated wheat ELIP rapidly degraded
at ordinary temperatures, it was highly stable at low
temperatures and it rose in accumulation level even in
the dark. However, result of the low—temperature
treatment in the dark clearly showed the protein did not
accumulate in the absence of adequate environment of
light at an early stage of ELIP synthesis and light was
involved as an essential factor. In addition, comparison
of mRNA and protein levels during hardening suggests
that wheat ELIP expression is regulated at the
translational level or at the post—translational level.

Damage frequency, electric conductivity value, and
photoinhibition damages 1in photosystem @O after
treatment with low temperature and strong light were
higher in some rice plants with introduced antisense of
ELIP ¢DNA than in wild types. This indecates that ELIP
play an important role in defense mechanism against

photoinhibition at low temperatures
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Fig. 1-19. Effcet of length of culture on plant regeneration in
wheat cv.Haruyutaka.

Calli were induced and cultured on MS media containing 5
g/l gelrite.

a, No. of calli with shoots / No. of calli induced %100

b. No. of calli regenerated to plants / No. of calfi indaced
=100



B A, 2e/1 BET O VAR KIBRETTOK
WL, HhEH RS o, e RV ES
k&R L, FO/F{bEEE, b AR vz
(Table 1-11, Fig 1-19), ¥/, BbicFz xR
FRLERIE R 11~12 BRTROGER 0. 8~1. i T
BHofe,
2) R O TERT

T T AR T o  F
2971, Chinese Spring 1109 RUF Boh White 1066 A1
AN D G418 BROER, & 0 7T B,
Chinese Spring 4 {Ef&R U Bob White 21 E{ED G418
it & 2 oo B bBEfE=Elz, SEEOER
W2t LT GUS 7w A &4Tofohs, GUS FEHL{E M
HEwoh., = Ar—7BfFL i, Ei,
NPTII (G418 T EEAET) DEBEAFIT - TR =
Y= ANAD G G418 BIEESH B CITIEE
EOMEEAHRL TR Y, 6418 OEEFH R E
YT E U, 2 AFREEREOERIZ VT,
BREHT T RADEEH RAEAE D LA
SERTV S Y, Bobh White BT Chinese Spring HL
AT, BT TRAOHES AT RIS < . green
spot FARERT lme/1 OBRETLELMAEIZH., B
S RIRTE T OERIIZ RAD L I S iz (Table 1-
12)% 7 T, Boh White(7466) , Chinese Spring(5645)

Table 1-12. Emicl of bialaphos conccntration on grcen spols
fomlalion flom calli.

Calli with Green spots(M

Concentration of bialaphos :mg/1}

(‘V 0 1 3 : 5 . 7
100.0 ToT 0
Haruyutaka 50 I TP
Chinese Spring 88.9 T
Bob White
o
|52 252
STt e 1 100 10 oo 1a- T e o TomT 1AL 1 ¢l nlsining pAL154 ;Inll pAL15fl ~ ~ Isajlurcdnll

L Rt ol 2 1Ll @ wes T bl
M(i1.11qu B dmedlumat2 & ("

|Inocu|a|ion and c(}, £ ullivation
EnsLuamiary b2 T

(11 SCIC 1111niCSedin. 19 1] &

it Lo, Shcetl 2 laelSAeSHInG ; k.

(- Alloor NGRS A8 K1 TmCdiin C,--C11111Va11, nmediUmjn111C d kil2411(- ti,FJ din~ ,

and004%:S w117 7t 15 mi

G cult, allon, ,asprti * Fmcd

ST glwanA, , - '2.1j a-11h ink- ljslii, n Ixdium,
- JsUspCnsilln sUppICmenkd wiff11 41jmg hi-1-1.1 B -dl-g- Ic

|YYash-

off Calhscrc &% Ished onlhaclcrlal cclls wjlh MS medium +* hen acre ph,ced on The medium
| { tin

55%% %ﬁﬁggg%gﬁgfvﬁ%?dcmmm cxplal16ampld 2 days Jers # hmg,

Tran Mcnt [&

IS cxpresslon w- |

L} .

(+1li, ~Cre inChiliCd , wernIghl ;11 371'(~ In (il ISII, . lly hUI+1+e .
FiSl.1-20.Assay fil r GUS activity fb] lowing co-cultivation of
wheat cal] i with jgm & g &'1 & 1 {H#¥ containing pALI54 and
PAL156.

pALI156.

DFRBIEREO LA LTT a2y 7 ) vn
BLAIT S o3, BT TR ATEE S EEEEE G
e o,
NTassF ) v ABREERUEEE
U —rid & —F H Ot

LW ORBIFRE T, B, YL ADEE « HPEER
MRIEFICE L, BEFAE T-DNA S A AR 1Tzl
EHErE R b, T-INAEASIEST L &
NEEBBEAL ¥ — AT LT D pbreen/pSoup
dual plaswid systewm: pAL154., pAL156 @2FIFH 374
f2. DPAL1S4 (pSoup)t2id, T-DNADEOH L &R
WSS ST aorF U o AD vir EEAERE S

Fig. 1-21. Effect of different vector systems in thc same
Agrobacteritm strain (AGL1), bacterium cell density and

Fig.1-22.jgj?7 & a-lerium-mediated transient exprcssion of
GUS in wheat calli flom immature embryos.

A.Transient GUS expression in wheat calli 4 days ancr
inoculation.B.C] ose-up ofca] lus surfilce showing individual
fil ¢i of transicnt GUS expression.C.Transicnl GUS
cxpression in callus 18 days aner inoculation.

expression in callus 18 days after inoculation.
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Table 1-14. Effect of length of culture on
GUS expression.
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Table 1-15, Propertion of calli with GUS stain on media

containing 4 mg/l bialaphos.
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24Hellens, R.P.Edwards, E. A.Leyland, N.R. Bean, 5.
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Toward Establishment of Wheat
Transformation System Mediated by
Agrobacterium tumefaciens

Etsuo Shimosaka

National Agricultural Research Center for

Hokkaido Region

Summary

To establish a wheat transformation system, efficient
methods to culture immature embryo was investigated.
The result showed that calli induced with gelrite at the
concentrations of 5-7 g/l regenerated at high
frequencies and the ability was maintained for five
weeks. Bialaphes, a herbicida, was effective for
selection at regeneration stage.Green spots were
markedly suppressed in Chinese Spring even at the
concentration of 1 mg/L.Furthermore, in order to
facilitate Agrobacterium infection and gene
introductior, a highly efficient vector system
(pGreen/pSoup dual system: pAl1154 and pAL156)
considered highly efficient for T-DNA delivery was
used. As a result, transient GUS expression in the calli
derived from the immature embryo was confirmed to be
more highly efficient than pMLH7133-BAR. And then,
some calli were observed to grow in the area of GUS
expression 10-18 days after co—cultivation. The result
obtained by this method is expected to lead to the
establishment of stable Agrobacterium mediated
transformation system of wheat through further studies

in the future.
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Analysis of Traits Relating to Freezing
Tolerance and Snow Blight Resistance Using
Molecular Markers in Alfalfa

Kiyosada Hiroi"”, Kazuhiro uchiyama?, Sachiko
Isobe Yand Mitsuru Gau '+?

DNational Agricultural Research Center for
Hokkaido Region
PNational Institute of Animal and Grassland Science

YNational Agricultural Research Center for Kyushu
Okinawa region

Summary

A QTL for freezing tolerance of root was detected on
LG (Linkage Group)2 in diploid alfalfa. It had LOD
value of 3.3 and accounted for 16.8% of the total
phenotypic variation. It was detected in the same region
for three years. A QTL for freezing tolerance of leaf was
detected, kut the LOD value was small. Two QTLs for
plant height from late in August to early in September
were detected in the same regions for three years.

A total of 60 candidate genes related to freezing
tolerance were isolated from tetraploid alfalfa. When
PCR was performed using 34 primer pairs obtained
from them, seven pairs yielded polymorphism in the
mapping population and three candidate genes
(PhgKinase, FtsH, and S1)were mapped on the linkage
group. PhgKinase was mapped at 75 cM away from the
marker U212D on LG2 and close to a QTL for plant
height. FtsH was located at 9 cM away from the marker
U515A on LG3 and SI at 3 cM above the marker
NOD22B on LG4. Although the candidate genes related
to freezing tolerance were located on the linkage map,
available information was still limited and did not lead

to the development of markers to be used for selection.
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Table 2-2. Summary of experiments and statistical results for Sclerotinia resistance and winter hardiness.

Trait

No. of testad  Mean

Range {Min-

. Za b
Year Location nhame  genotypes %) STB Max) K Function
Seclerolinia resistance
Laboratory experiment® 2001 ARWFCI®  SRLO1 56 72 22.7 {0-100} 552 sejuare
{.ahoratory experiment® 2003 ARWFCI SRLO3 36 387 18 (11.1-70.4) 226
Field experimeni® 2002 Moscow regior SRFR 59 255 288 (148-100) 845" square root
Winter hardiness
Green part ratio of crown 2001 Sapporo GPRJ 139 7.3 7.6 (0-59.2) 1285 Log
Plant height in early spring 2002 Sapporo PHiJ 152 8.3 17 {2-10.3) 0.37

p<0.1, "p<0.05. "p<0.01 Significant different to normal distribution.
? D'Agostino-Pearson K2 test.

® Function for transformation of variable fo fit normal distribution.

¢ All-Russian Williams Fodder Crop Institute.

4 Attack percent on leaves.
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i LB LT, BRRERECET 8K
DNA=—H—@DAL ) —= 2 P EiT =i, AP

V= &z DNA—I— % FTHL 4 £
BEOFECEMEFH-CEESRHE LTEER SRR
LS 1 ERICHAMRE LUEK SO
DNA {Z L B2 BRI 1T 2 1,

v, BRERUEE
5 1. RFLP M EIC L & HiERE L UMiE
VREE S QTL i

243 (3 RFLP =—H— L 6D SIS =—H—I{2 L %
T-omEEE (Edl P OEEhREER L
fr. EFL 528 TeM, =— 0 — WO EEIEHT 2.
leM (& CeM, &R 12.4cM) T35 {Fie 2-3),

U U T AARCIT o e BEREREREICLS
BFEEL. EARENEFHOEYTIN% X
100%., B/ 14%. 272 © 63%., WF1680:70%) . B
BRENEFOEE T 24% (&K 100%., F/1 0%,
272 ¢ 33.3%. WF1RS80 @ 33.3%) i, dLEMT
HRMBE® OEOBRAHRS SHEROFEE 1. 2%
(B 59%, Fsh0%., 272 ¢ 11.7%. WF1630 @ 20,
2%) THU (2001 FPWERR)., v U7 LA,
AL OO M S TR AR O BRI - s
T AR EESEE LT, —F. TS, mhE
HCET 2T TOHEEE BN (HREERE, 5
DiFAEFH SR LUEL) CFELAEERED R
Ao i,

RFLP JE48HE & F V= QTL BT IC B8 T H B/
QTL {4 & — U= w P T I0DfE 2.7 LA EE
i3 Kruskal Wallis EEHF T P=0.05) [ZEE#EEIC
L EEEIEERACEL TR o, ERBEICLSE
REREICE LT L0 MEERORAEHE &M

Table 2-3. Result of similarity search between ¢DNA probes and candidate genes that related stress

tolerance.
Prabe  Accession No.? Candidaie gene Score  E-value Traits®
CB675 u21105 X laevis mRNA for cortical granule lectin 1804 0.0 SRLO1
ci16 M97475 Pisum sativum L. aldolase gene 1423 0.0 SRLO3
C618 X82626 Pisum sativum alphacpn80 precursor mRNA 137 0.0 PHI SRFR

C1965 AF403292

AKIP1:RNA-binding protein by abscisic-acid- .
activated protein kinase S e-161 SRLO3 BPRJ

C1961 X52053 PAL1: phenylalanine ammonia-lyase 1 1265 0.0 GPRJ
sts1 : Pisum sativum mRNA for stachyose
c2139 AJ311087 synthase 389 e-104 _ GPRJ
C1551 Z37540 P sativum mRNA ding argin 1104 0.0
sativum m enco ine
C559 Z37540 decarboxylase 2520 0.0
C1942 Z37540 2575 0.0

= Genbank accession number .
5 The traits of significant QTL.
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LT 8>, ENZELT8 oI E (Fig 2-3),
LG6 {1 TREDF B E LB @ QTL A E i
T BOEBIIT LT 707 7 i R
HEIED STS =— H—MSnatB #3= w Fafuiz,

RFLP = — #r—{- L~ THE R B o i
DNA Fa—7&i—F AL 2920 —
H—BEEHOWA b AW, THRECET 58E
FLEVHERMERH - FOIE6 20— —
HE IR AT B S QIL AN I
Ziuiz {Tabie2-3),

FE 2. BIZREE SR DV~ — v — DL
B 1 T L QTLEf# @ RFLP =— 41— B4
DA P AT, TREEETEEHVIEREDSH S
RFLP =—#— L7/ 7 707 7 st 4
L SIS w—H—E A THEL 1 ERORIGEKELF
HEAPEE « 9300 12 [E{EIC L 5 RIBRT 59T =0 A8,
Mg EE 4 2R EB s b TE Ll
fr. T THETe— A — B R 01T 144RFLP
=—H— b 1153SSR +— F—{Z L % SSR E#E X
T Lir, QTL 7348 M 2 du /- RFLP #rf% @ SSR
= —A—EFAOTHAMNS - S9EEIC L SRR
#1TVy, 3200 SSR =—#—RCS0397, RCS3587 38
L URCSE826 @K L, hod=—4—1F
FEM L L TEE SR 6 o0 EE L A REE
EOETLERSTE Y G (Fie 2-4), Zhed
32— A —{ SSRIEHH I Tid Pisum
sativum (21T 3 arginine decarboxylase &2— F¥ 3
BETEEVBRMEIZH S RFLP = — 7 —(19%42w

RCSJ587

RCS5826

RGS029?

e e e e .
and sensitive red clover plants to S. trifoliorum.

{C1942 [T+ FBETESf&E L, Cl1942v 1+
HSEOUESBEFETHD) 1 MPUELL A
Tuvie {Fig. 2-5) Fio, &4 7 Eh iz C19d2w e
o M BRI BT CE RSN (EXEE) M
T 5QT LAMEH &1 RFLP =— 7 —C16 73r &
ST, LIESS 320 SSR=—H—,
RCS0397. RCS3587 $ L UFRCSE826 (I 2 imikii it
BHDNA=—H—F LTOEEEMEATRE S

T, S%OEER

BN =——+ LTHFRAESTEREI D
7 SSR = —H — kI h ERNEEFRRREEE
DR LHEEIRE QLSBT 6hT
15, TheO=—a—0QTL iz o558
B &I Sz hilid, SSR EMEHE {ERiER + B
T QTL BB 247 5 MERH 0 | HERETMs
T=2Tna,

7. B

T A 2 a— OB R B S8 DNA
= —H—BHEO -, RFLP #IE & (B L= =@
HE & TR T AT EZRERE & A R
TS0 &iTofc & ZAFEAZ QLA 11 EfEd &
iz, £, 920 RFLP =— 7 — 3R E OmMbim -
A FVAMHEICET 28ET EmVCIERESH Y

RCS358
P.sattvum mRNA 7
encodin9 .
a |T9inir % ) RCS5826
decarboxylase ' |
RCS0397
Laborltory
exp trimm tof
Sc - otiria resistanoe
QTL
<Pisum sativum L. cl6 | IcM
aSdolase 9enefd]

Fig.2-5.The mapping posilion of SSR nlarkers those
showed polymorphisms betwcen rcsistanl and sensitive red
c] over plants to s.Trig}norumon a SSR linkagc map. The
markers with alphabets “RCS”arc SSR markers.The
markers wilh alphabet “C” wercRFLP markcrs those are
detccled a QTL or/and had homology to candidatc genes
related stress tolcrance.

rclated stress tolerance.



FDHE 6 DIIEERERSE - #iEHioiET 5 QIL
VMBS LTI, 6077 707 7 iEMICE
45 120 SIS = —H— At Efi QTL I
BT, Themw—b— Lt ERRER
PEIC R 2 BB S B L s A - $50E
O DNA & R TR 59T i & 2 A, WE
FRATAEMEFT T ET— B TE L2
fr, &7 T RFLP EEEHIE L 0 364072 SSR EEEH
T QTL A & dufe RFLP = — 7 — B @
SSR=—H—Z LH BB &iT /L A, 32
@ SSR=—H—AfEH i, 20320 SSR=—
A IE R ERMEE DN v — v — L LTHEH
ThEEEZGRS,

#. SIHE

1)Novosiolova, A(2002):Increasing of red clover
resistance to disease and pests. Clover in Russia —
Voronej 126.

2)Bardin, S and H Hauang (2001) :Research on biology
and control of Sclerotinia disease in Canada. Plant
Pathol. 23, B83-93.

3R AR (1950) : ER R URFRBEORSESE
(ID) A¥erE s B AR R 4.54-70

(BEERE T - FoEHE - BHIBR)

Analysis of Traits Relating Winter Hardiness
And Sclerotinia Trifoliorum Eriksson
Resistance Using Molecular Markers
in Red Clover

Sachiko Isobe", Mitsuru Gau"? and Kiyosada Hiroi"
YNational Agricultural Research Center for
Hokkaido Region
“National Agricultural Research Center for
Kyushu and okinawa Region

Summary

A red clover linkage map with RFLP markers was
constructed in order to develop DNA markers related to
resistance to Sclerotinia trifoliorum Eriksson. QTL
analysis for winter hardiness and Sclerotinia trifoliorum
resistance was performed with the RFLP linkage map
and then 11 significant QTLs were detected. On the
other, sequence of nine RFLP markers showed similarity
to registered genes related to disease resistance and
stress tolerance. Six of the nine RFLP markers were
involved in the detected QTLs. A STS marker related to
alfalfa freezing tolerance was mapped on the position
close to the detected QTL.

The all RFLP and STS markers related to disease
resistance and stress tolerance was performed
polymorphism analysis with the DNAs of red clover
individuals which shown sensibility and resistance to
Sclerotinia trifoliorum in the filed. No markers were
detected significant polymorphisms which distinguished
the sensitive and resistant individuals. Then, a SSR
linkage map that mapped more dense markers than the
RFLP linkage map was constructed. The SSR markers
that closely located to the RFLP markers which related
to disease resistance and stress tolerance was performed
polymorphism analysis, then three SSR markers
detected significant polymorphisms which distinguished
the sensitive and resistant individuals to Sclerotinia
trifoliorum. These three SSR markers were considered
as efficient DNA markers for the selection of resistant

individuals to Sclerotinia trifoliorum



2. K7 7 b EWREE, WS & O RBERARA
(1) 4 FREREREEROTHEE, TS EOHE &
FIA

7B B A

ALHEE I 5 1 B ME S RV TR
FToimiZid, EEEREELTE ML <
ELEETH S, BT, R FdhEeEE T
. LI LRI L O BEORES B+ 5 2
ERBEEEIRTE, FEVIIIERISENEETH
S —Fx— KT AT, HEEEFEL—L0E
Lokt EEHE COEERECHIT T, HE
HEOWENRROFTEAEL ShTElk, —F. A
Fo o7 A2, fEREFE Y EDREERE
FLTBRENRAERTERES, O TESR
AR T2 T T r 5 A L REBEOEE
MBI LA e (EES, 2000), F
Db, NV =TT 47T AR TCERER
Hils COMKERERS LT, A FU 7222 OF]
HABERL 2255, A FU 7 A7, EEEHR
FE L L0 RRR L OT, EEME T ORERE
RITTHE RS S LI BETOLENRD,
et RAFECEFRICB T o2 T, ERAeE
TEEHELRBSEELEEIZLED, £FEOREBSEMNT
AALHEE L 0 B LA gy, v T ON. 1.
SV m DHENIAEEM SR (e o R L #1327
RoBEER-FERETHRFHO V— s T
0, LFEBAEOECERZHEF LTS,
LB E e 7Y, EREREIZ L0 7 2R
WEOBEGERF TR, BAEL VIC- 20 T
M@ ETo i, JOMEORT, —Fr— KI5
Aoy 7T AEOCETERT., LEMESRAEIIL
TN TSR (SEEERE) CEhs b
P GAE A2 0 (Nakavama and Abe 1996), Z#U&EF]

Table 2-4, New strains developed from Russian
germplasins in orchardgrass.

YEﬂT al Baturity Nugbar of Qrigin of parental clons {Number of clones)
reaing parental clunes
Hoklad 28 19% Farly ] Russia (5], Japan (3)
Hokpike 84 1996 Harly @ Russia {4}, Japan (4], Denmark {1}
Hokulu 66 1996 Medinm 12 Tapan (6), Russia {£}, Finland {}, France (1]
Holuibu o 1998 Medivm 9 Japan (8), Russi (1)
Hokuihe 78 2000 Karly 11 Russia (10}, Japan (1}

Hokuika 79 2000 Tarly it
Hokuiln 80 2000 Mdedivm 7
Hokuiku §1 2000 Medivm &
Hokuiku 82 2000 Mudiom b
Hokoiku 83 2000 Late [}

Russia (6}, Japan (1)

Russia (5], Japan (1)

Rusaia {3}, Japan ¢2), Canada {1}

Tapan (3), Rewsia (2), Canada (1)

Russia (73, France (2), Japan (1), Sweden (1)

ALT MtEg28 &) (BFRME MtF3 &) #F
RLEduiz, Tdhig 28 B #dbBaf & /v o 7 ¢
MA@ L& 2 A, THhiE 28 5 1A ot oF
A E R LT Yanada et al. 2005), 2L
I, A—Fr— FFTATER T EBEEROE
AizL o, BiESHIIEBh RS ER T 58
MG, FO0, ERFETH.
Fo— FATRAZDNTr L TEEERFEHALT,
i REEEEL M85 LEbizihem
MM & HEE R LT, B TEEERD
Bt EERE TR EME L, Eie, AFD
TR ONTHL, BT L EEIOEEEREY
BAL, TRz TMhEEE IS FRE L <.
EEZEME LTOMREETHRITT s FEHE L
=,

1. WEFHIE
LA—Fr— oA 285 BLUHHEE
B FAL O MHE S & TS O 3
1) AuXHRREOBTR

BT RELe T oo TR LUAEET o
Z 47 L ALBH RO R 48 5TE R 960 B
L., 2000 5 BICHAHICEBR - EETEEL, 6
BT CIEHER - EREE TR B L, FB
FIOLUBELEFFERBRSL T, THEFE 7883
=] wft L {Table 2-4), ZhoOREOTEEL
e (SEFERME) #8ELE, £/, Table 2-
4@ TbHg 28 &) o T4HF 68 B . 1996 &£
T EEERFAVCTEREINELOTHO Wi

Table 2-5. Resistance to Typhula snow blight (Typhula
ishikariensis Imai var. ishikariensis) under natural infection
in Russian and Japancsc cultivars of orchardgrass.

Typhula snow blight — Index of davnags Control

Survival by Typhula Survival
CultivarSirin Oripin® me D b e O ;m

o igor (%) %) vipor”

Holdkai 28 WARCH o4 44 176 9t 4.5
Thokmiku #d MARCH ERS ki 14.4 96 Ex
otk G NARCH w4 iR azn 98 EX:}
Hakutku 6 NARCH a4 24 224 az kX
Wascnidord NARCH 96 24 - 47 94 32
Ukatnidari MARCH 02 3 Tul o8 18
Trvamidori HARCI b 4 ki 42 27
Ehiterskays  Hussia 4 L6 0.5 96 37
Kigvahaya Rnssia 86 22 2 86 L]
Drhepulinskaya Russia 92 24 LR 9t 3t
Eeningtadskaja  Russia 8% 23 M8 Y3 33
L5 D.0.05) ns. 1.0 .3, s 99

TINARCH; Malional Agsicultural Ruseasch Center for Hobdkaido Region

2b Lovery poos-9very pond :

Y H-{reprowih vigor by nulual Infection of snow tald / regrowlh vigor by chemical comlral of
snew muld X 100



L WS R L,
2) BERO B REEL LM SO

M4biE 28 &) & 1996 E£EFRLD B 2 Z2MERA 3 5.,
TEMLEIS, o7 RE4 SO 11 AE-R
MAEHI L (Table 2-5), 20004E8 B 22 AiZ~2—
SA—Fy FEEELTEE®. FFE 108 10 BiZ 0
2%0.2m, 26 EFE2 RETEBIIEHEL., SERE

BE S EERBEE&FRITE (Takal et al. 2004), B

BREERE fEE) 31, 122 ¥R
B/ rLyaRAAFLELEBELTESERE0/AE
BE (Typhula ishikariensis Imei va. ishikariensis) &
IR (Monographella nivalis {Schaffnit) Muller)
R, BERBER T I /& 2V B
DAEFNEL THReES@ERFHERL T, SEEe/]
MEER e SE I, BERE. RBATORE 11
B27T AiZHA L=, MEEH%D 2001 F£4 B 16 Az
BEHREL, SERBEREHSBEREDEED
s BEHEEEESR S L TER L,
3) BhEIC L A MO

Mk 28 51 & 2000 FFRLO A = 28R 6 5.
EMRE2 S, 2T RIE2 S, BRHERGE
3EOERH 13 EEMHEF LI (#3), 200088 A 22
Bz =Ry MR L TEE®. FFE 10 8
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4) e B

Table 2-7 @ 17 @& « B a 3 L7, 20004F8
A3l Bic- =Ry MR LEENTES#.
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L. 12°C, 24¢MERATHE Y, £FEFHEL
=,



Table 2-8. Freezing tolerance and Resistance to Typhula ishikariensis Imai in meadow
fescuc populasions introduced from former USSR. ‘

Passport No, in NI Treesing Resistanee to
Acession Vavilov Institute  Cultivars Crrigie Provinee tolerance _ Typrdila ishifarienyis
No. of Plant Industry Country LT's{"C} Survival rate of plants{34)

54 46690 MNarynskaju-1 Hussia Tomsk reg. -12.9 Y3
35 45350 Wild Russiz Kuibyshev reg. -12.9 TR.O
& 46767 Wikd Russiz Karchin -12.9 757
29 42824 Wwikd . Russia Firov rog. -12.9 61.5
49 34242 Boat-R23 Russia Mloskow ey, -12.6 TL.B
57 44434 wild Pussia East-Kazakhstan -12.5 705
17 326R3 Tulunskajs Rusuia Irkutsk rog -t2.4 GO0
39 40782 wild Russia Diagestan republic <123 648
32 44227 Wwild Russia Leningrad reg. -12.2 Nun
51 28253 wild Russia Mltai reg. -12.2 T3
b 37140 Voslochnaja Russia Pritworskij reg. -12.2 G5.2
26 43083 TWildd Russia Yarnslavl rog. -12.2 ad.2
77 20260 Wild Russia Teningrad reg. -12.2 488
a0 46325 Wild Russia Tom:sk reg. -12.1 87.6
43 34240 Wild Russia MMoskow reg, 121 B0
a2 40667 wild Russia MNavosibirsk reg. -rz21 64.7
42 39396 Wild Russia ‘Tyumen reg. -12.0 78.3
63 2870 Kamalinskaja-95 Russin K rasnoyarsk reg. -12.0 71.8
27 45982 Wild Russia {msk reg. -11.9 64,4
71 33494 Wild Fussia {erpia -8 73.6
41 28517 Wwild Russia Naovgornd reg. -1LE 538
31 464635 Wild Kussia Burjalia -18.7 Neon
3 34me Wild Russia Kirov rep. -18.7 as.4
47 31747 C1>-130 Russia Arthangelsk rep. 117 63,2
ai 34422 Witd Russia Novgoerod rog. -11.6 1.0
7 46201 Wilkd Russia Sakhalin -116 73]
a7 34129 Wwhitd Pussin Novgorod Tcg. -ila 65.%
25 44036 Tarmonija Ruissia Primorskiy rcg. -11.6 55.5
T8 28421 Wil Russia K rasnodar rcpg. -11.6 50.8
33 46688 Wild 1ussia Kurpan reg. -11.5 751
2 25870 horsehunskaja-1304 Russia Tambov reg. -1L.% ol
i 4621% Azniikiip-] Russia Aerhaidzhan -15.5 599
22 29772 Jigeva-47 Estonia -11.5 59.5
k] 48354 wWild Russia Rjawan reg. -11.4 ax.7?
50 40733 wWilkd Russia Komi republic 114 316
] 27335 Wild Russia Kaliningrad rep. -11.3 BR.S5
T 45223 wild - Russia Ponza reg, -ELA 6R.G
29 48360 wild Roussia Primorskiy reg. -11.3 G658
18 37137 Saharovslaja Russia Kaligin reg, -11.3 58.7
[0} 45370 luhava Russia Leningrad reg, -11.2 876
13 48358 Wild Russin Rjazan reg. . -11.2 78.0
54 453735 Wiled Russin “hetyabinsk reg! -11.2 774
18 45374 Wild Russia Chelyabinsk reg. -11.2 573
38 47059 Lazur ussia -11.2 537
T 34740 Jigova-5 1% Russia Eslonie -111 #i.?
12 43643 Wild Ruasia Gorkit -11.1 749.1
B2 Harusakuc Jfapan Hodleaida -il.1 il X))
11 45685 Salairskaja Russia Tomsk Teg, -11.1 554
46 28734 Wild Russia Lepingrad reg. -11.0 83.6
3a 45510 Loreysjaka Armeniya -11.0 a4.8
Ta 42043 Wwild Russin Adtai -11.0 64,8
23 46200 Wild Russis Salchalin -1E.0 573
is 41089 Wildd Russia Irkutsk reg. -11.n 40,1
48 23039 Wild Russia MNenth Osetifa -108 Gl.0
&0 31928 TWild Russia Sverdlovsk reg. -10.9 306
52 45983 Wild Russia Omsk rep. -10.9 37.0
H1 43118 wikd Russia Voogda reg. ~10.8 Non
2 30443 wild Rusaia Wiadiomir reg. -108 7.7
21 46466 Wild . Russia Burjatia -10.8 39.5
4n 34188 Wilid Russia Arhangelsk reg. -10.% 17.0
657 443599 Wild Russta Krasnojarsk reg. -HLT Non
45 44430 Wild Ttussia Pslkov reg. -140.7 63.4
1a 41041 Samenskuja-134 Belorussiyy =107 [
20 41068 Wild Russia WViaditir reg. -10.7 572
- 73 34020 wild k Russia Komi ey, -10.7 493
T4 40743 wikd Rusaia Irkutsk rep. -10.7 351
at 42944 wiid Rusaia Marijskaja row, -tu.6 ™on
649 42749 Pojma Fussin -10.6 88.2
&0 44838 Whild Runsia Krasnojarsk reg. -10.6 RT.0
5 48353 wild Raussta Wladimir e, -10.6 4.8
19 22838 Winskowskaja-62 Russia Maskow rog. -6 59.6
44 32875 Wwild Russin Stavropol 1cg. -like 57.6
35 15881 Wil Russis Maoskow reg. -1n.5 64.7
39 38644 Majkopskaje-3 IRussia Krasnadar reg, -10.5 387
75 35052 Suidinskata Russia Leningrad reg. -10.4 67.3
33 30216 Wild Russia Stavrupal reg. -10.4 i1}
28 46199 wild Uikraina L1022 62.7
34 43097 wild Russia Ivanove IoL. -1010 63.2
1:1 : 43087 Wild Bussia Yaroslavl rep. -10.43 39.3
14 43100 Wild Russia Tvanovo FoE. -6 389
72 46334 Wild Kussia Altai -9.3 40.6
4 44374 Wild ussia Altai Non 63.4

MNon: oo cxperiment.
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Evaluation of Freezing Tolerance and Snow
Mold Resistance in Grass Germplasms
and their Utilization for Breeding

Yasuharu Sanada ”, Tomoyuki Takai?

and Toshihike Yamada'?

UNational Agricultural Research Center for
Hokkaido Region
YNagano Prefectural Livestock Experiment Station
"Hokkaido University Field Science Center for
Northern Biosphere

Summary

Orchardgrass (Dactylisz glomerata L.) cultivar
“Holikai 287 which was bred from Russian germplasms
showed freezing tolarance as high as Russian cultivars
and was even more resistant to Typhula snow meld than

them. Freezing tolerance and Typhula snow meld
resistance of new strains which were bred from Russian
germplasms were equal to those of NARCH cultivars
and scme of them showed higher freezing tolerance and
more Typtmla snow meld resistance than NARCH
cultivars., Utilization of Russian garmplasm  in
orchardgrass hreeding was effective in improving
freezing tolerance and Typhula snow mold resistance.
More than the half of the accessiots from Russian
germplasms in meadow fescue (Festuca pratensis
Huds. ) showad higher freezing tolerance and more
resistance to Typhula stow mold than the NARCH
cultivar “Harusakae” . These germplasms would ke good
breeding materials for the improvement of freezing
tolerance and Typlula snow meld resistance in meadow

fescua.



{2) = F7 74 FOSEEE TR, WEEL OH
FRAEEA

7. HEE R HY

TFT 74 i ECRET SEM O
T, B ARMEDT Y PP A FIRERTE
MERL TS EMmeER ST S (Bacon et
al.,1997), A FU 7= AZIZR4E4 S Neotyphodium

uncinatum {Gams. Petrini&Schmidt) Glenn. Bacon.

Price&Hanlin {Glenn et al., 1996) (3. TS, fhoE
BLOBSH. 775 8+ oTHhc®Es

5 Malinowski et al.,1997ab, Schmidt, 1994), =&

WERTHL, BELBRERFE LY ZENE
BEWEEERL T 2R EDA FU 72 A 22
DNTe TR TET Y FY 74 FOSH, T
FZ7 7 b EmtEt, MERE OEFEERE ST
%,

4. WRETE

1) o TEEEEOCT L N7 74 FEREBEE T
Tod FEEOHRE

v JEYEER TR AMEEL TS TS
EER 210 S5V, = K77 FREERED,
P T 1% soraBELx, i, <
VEZrA FREET ST TSRS FERE
BFAARZ o= b X577 —THELE (BFG

1998),
ANHEFEEFNE R LD HEL-ULZRIT Bl
., TS BT

Ty RF7 A FORBESEREIR TS
B LUTrEFI FH 0, ZhoDd
AL 1 fde U2 BT o BBV ENE (70°C
b EENE) T KTy FERE L, ThEER L
US4, #HhEf., Morivama et al. (1995) &
Nakayama and Abe (1996) (0 FiECEE(E L 7=,
3 FENEL L SHEFR LIS O, @it
Ef Aol i

| BLOT FEF ) OEHREER
2N T A I AT F7 74 FEEE LISEY
fEE) BB L., M, WEEEFEmEL -, —58
DEBRTCHEBENTLZ v FY 74 FEFTSEY
(B+) & E-TREMH Lz, #EseHd, siaod L,
15/20C - 15 R BEODATREE T3~ 4 A,
XCUMEBEERODATREETI~48M. Fh
FHAT EBi-%., WhEHE-12.-14,-16,-18,-20°C
TEAEMEE, i, MR s BT TRE
Li-EE R e/ A (Ty-12) % 1 7%y b 100m]
THEEL, Bo¥RERE T TRAY = —LE
TR, 8, 10, 12, 14, 16 @, SCTHE®R. 12
CTOFIR. 24 HERATHEA S ¥, E2HETETE
BT, FLUEGRERFFE L,

Table 2-9. Endophyte infection status and loline alkaloids of meadow fescue germplasms collected in the former USSR.

Number of Number of accessions Number of accessions %6 of accessions
Country or region accassions with viable endophyte infaction with {ofine alkaloids with loline alialoids
sereened in seeds percentage in seads in seeds
The Arctic Ocean coast 5 5 100 3 €0
Baltic Sea coast 8 4 87 3 75
Moscow 8 4 67 6 100
Caucasus 5 3 60 1 33
The Urals 5 4 80 0 0
Movaosibirsk 10 g 80 4 44
Irkutsk 4 3 75 2 &7
The Far East { 0 0 0 -
Belorussia 1 1 100 t 100
Ukraina é 4 67 4 100
Kazakhstan 3 2 687 0 0
Total a9 41 75 24 44

The Arciic Cecean coast Arhangelsk, Karelija, Komi and Murmansk reg. in Russia.

Baltic Sea coast: Estonia, Latvia, Lithuania. Leningrad reg. in Russia.

Moscow: Ivanovsky, Moskovsky Penzensky, Rjazan, Smolensky, Tambovsky, Vologodsky and Voronejsky reg. in Russia.
Caucasus: Morth Osetija. Karachaeve—cherch, Krasnodarsky, Stavropolshy reg. in Russia.

The Urals: Sverdioysky, Tobolsky Tumensky reg. in Russia.

Movosibirsk: Altaisky, Kemerovsky, Movosibirsky, Omsky Tomsk reg. in Russia,

Trkutsk: Irkutsky Kranojarsky reg. in Russia.
The Far East: Petropavlovsk—K in Russia.
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"Fable 2-10. The cffcct of the heat treatment on freezing tolorance and snow mold resistance in meadow fescue,

Cultivars Heat treatment in seeds Endophyte Freazing tolerance Snow mold resistanca
Syn 1 Syn. 2 infection rate (%) LTs("C) Plant survival rate (%)
Tomosakae Not treated Not treated h2 -205 84
Not treated Treated 0 -19.9 - 86
Treated Not treated 0 -20.0 92
Treated Treated 0 -20.7 88
Siginificance N.S. N.3.
Harusakae  Not treated Not treated 52 ~20.7 100
Not treated Treated 0 -20.0 98
Treated Not treated 0 -19.5 96
Treated Treated 0 -20.7 98
MN.S. NS

Siginificance
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Relationships between Endopyte Infection and
Freezing Tolerance and Snow Mold Resistance
in Meadow Fescue

Tomoyuki Takai ? Yasuharu Sanada '
and Toshihiko Yamada'?

UNational Agricultural Research Center
for Hokkaido Region
»Nagano Prefectural Livestock Experiment Station
“Hokkaido University Field Science Center
for Northern Biosphere

Summary

In this study, meadow fescue was used to
investigate the endophyte infection of the Russian
genetic resources and elucidate relationship between
endophyte infection and resistance to freezing and snow
mold.

When seeds of 210 accessions of the Russian
genetic resources were examined for endophyte
infection, fungal hyphae were found in 75% of
accessions collected in the former USSR and in 2.5% of
accessions multiplied from collections. Endophyte
infection was observed in accessions collected in
regions of the former USSR except those in Far East.
Every accession from the coasts of the Arctic Ocean was
infected by endophytes. No loline alkaloids were
detected in seeds from many accessions collected in
Caucasian-Ural regions and Central Asian—Novosibirsk
regions.

Seeds of “Harusakae” and “Tomosakae,” varieties
that had been confirmed to be infected by endophytes,
were treated with dry heat to produce Endopyte—free (E—}
lines. Plants of the Endopyte—free lines were compared
with those of Endopyte—infected lines (E+} for freezing
tolerance and snow mold resistance. There was no
significant difference between the E+ and E- lines in
freezing tolerance and snow mold resistance in both
varieties.

The effect of endophytes infection on sow mold

resistance was inconsistent across meadow fescue

— 5E9 —



ganotypes. In scme genctypes (CL102, CL243, and
CL454), andophyte-infected plants wears more tolarant
to snow mold than  endophyte—-fres planta, but
andophyte-infected plants were lass tolerant than

andophyta-fraa plants in CL47T0.
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Fig 2-8. Decvelopment scheme of the intervarietal hybrid population.
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Fig. 2-10. Relationship between vigor i 1st year fall and survival in 2nd vear spring.
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Fig. 2-11. Flowering data of (HxR)2 in the second year and third year.
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Table 2-11. Traits of selected plants from (HxR)2 in 2003.
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FHEO BRIIEER ELER L T oM EHIC
B, BRCEELERAREL LT 1EEIRET
CEREOHIERESBOEMERET L THO,
TEE 2R L0 BHICH - BEE B L7 (Table
2-11), FEEEOHEEREDT, E2HOESHH
enfEAE b UM ZERCE S AREBAOEH L0 1 Rr -k
LLEER., BRI EE, 2EBEORTERERED
pipEEE Uiz, £OME, BHEEMFD. EXXTH
Rannii 2 L O Ao T a8, Ry &L TEE
2HREAOESE TR AETA L, EELTELY
ECHREmE LGRS, 2EEOHET
BEIFR/ EFRLIUCES 2MREFL 0L,
Ramnii 2 L 0S5 <, Altaswade KO EHE <227,
i OEREFEE CIRMEAEEL T 1T, ATEIE 3R

Vi . Flowering Vigor at h I;’Ilan.t h F_’I?]nt Flowering Score of ) .
lLine/Plant O gatein the tst o itatat heignt at date in s’cgms Vigor in
Spring - cutting the 15‘: the ?st SFTHER with fall
cutting scutting flowers
Hokuseki 3.7 6/27 43 4.5 50.3 8/6 35 3.0
(HxR)2 4.5 6/20 47 49 51.0 8/7 2.8 39
Rannii 2 3.7 6/23 34 5.6 356 8/24 1.0 3.0
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Average b7 8/16 58 8.2 5.4 8/8 1.5 48

Scores of Vigor, T:poor — $:excellent; Plant habitat, 1:prostlate - 2: elect; Scores of flowering, 0:
no flower — 1:10% of stems with flowers — 9: 90% of stems with flowers

Ono flower Oless than 30% 3 30-50% M more than 50%
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Population Days of incubation with sclerotinia micelia

Fig. 2-12. Ratio of stems with flowers at the sccond cutting. Fig. 2-13. Survival of progeny plants after inoculation of

Sclerotinia.
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Improvement of Freezing Tolerance and
Sclerotinia Rot Resistance in Red Clover
Using a Russian Germplasm

Kenji Okumura”, Mitsuru Gau® ?, Kiyosada Hiroi"

and Sachiko Isobe”

UNational Agricultural Research Center
for Hokkaido Region
“National Agricultural Research Center
for Kyushu Okinawa region

Summar vy

In order to develop new breeding materials resistant

to Sclerotinia rot and compatible with timothy on mixed
sown sward, we conducted an intervarietal crossing
between the Russian cultivar “Rannii 2” and the
Japanese cultivar “Hokuseki” . “Rannii 2” shows superior
winter hardiness and moderate regrowth after the first
cutting. “Hokuseki” 1is a most productive and persistent
cultivar in Hokkaido. Selection was made in the F,
population derived from the intervarietal crossing based
on resistance to Sclerotinia rot, persistency and
flowering characteristics. The F, population was higher
in survival rate than “Rannii 2” and varied significantly
in the flowering time in spring; the flowering rate at the
second cutting was lower than “Hokuseki” and higher
than “Rannii 2” : In the spring of the fourth harvest year,
6 F, plants that had been excellent in plant vigor in each
season and moderate in the flowering rate at the second
cutting were selected and crossed each other in isolated
conditions. The F, population obtained was evaluated
for resistance to Sclerotinia rot by artificial inoculation.
The F, population was more resistant to the disease than

“Rannii 2” and equivalent to “Hokuseki” .The F,
population will be evaluated for winter hardiness and
flowering characteristics in a field and used as a

breeding material in the future.
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Table 2-12.Yield and winter hardiness of orchardgrass cultivars in Japan and Russia.

Mational Agricudtural Research Center for Llokkaido Region (fapan)

2003 2004
Diry maller yiled (lgfa) Dry matler viled (ki)
ultive Wint Wint "otz
Caltivar/ W I md 3 4 Toml WO g 2d 3 Ath Tomt o
Strain hardiness hardiness yield
THokkai 28 6.8° 514 1760 135° 7 89.6° 6.0° 570 111® 159 66" Y05 180"
Hokkai 29 6.8" 516 207 174 105 1002 53 561 1417 197 81" 979 1082
Wasemidori  5.8° 506 206 17.9° 89  o9gpt 5.0° 503° 143" 192 73 912 (802
18-Apr  29-May  9-Jul  21-Aug  7-Oci 15-Apr hun 12-Tul 25-Aup T-Oct
N1 WVavilov Bescarch Instituie of Plant Tndustry {Russia}
Fresh matter vield (kg'a)
2004 20003 2004
Cultivarf Winger
Strain hardincss” Lst Lat 2od  Total Total
Huokkai 28 1.0 399 003 265 1268 1867
Hokkai 29 0.5 542 a4 299 1203 174.5
Wasemidori 0.3 61.5 1042 315 1361 197.6
3-Tul 18-Jul 28-Aug

13 E:fvery poor)-S{very good).
Mlean values with different letters in the same colummn are significantly different (1'<0.05),
Table 2-13. Growth habits of sclected strains and original cultivars.
I'rait Origin in Russia Origin in Japan

Selected  Origimal 5 Selected Original 4

strain cultivar gtrain cultivar

Date of head t'.i'1er,g(-:m_:en 204 289 0.65 334 333 0.98
Winter hardiness” 5.0 49 0.41 5.1 5.1 0.97
Plant vigor in aulumn ™ 4.7 4.6 0.47 5.1 58 =0.01
Leaf streak™ 3.4 4.0 0.03 28 2.8 0.94
Stem rust” 6.0 61 066 5.6 5.5 0.86
Freesing Wwlevance(l.T:"C) -19.3 -20.2 -19.6 -18.9 0.27

1) Date from st May. 2) Livery poor-9ivery good. 3) Liresistance-9:susceptible.
4} Probability by t-test between sefected strains and original cultivars,
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Table 2-14. Freezing tolermmee and growth habit of meadow fescue straims
croseedd befween Horusokoe and Bussiun germplasms,

MNARCH VIR

C;:.:i:r-' Cineginal culfivar lE|:':II'IE'E:I:I-I'I.5 Survival rale ) '-'IE-::';I?:T:II;IEW

{LT "0} Cmszed  Originad Crossed  Olriginal

wrain cuhivar sirmin culkivar
R4 Wild {Fvamiren) -23.4 AS.4 FlG BS i
RiT Tulunskmja =235 EL2 313 11H1 55
BI%  majkopskaja-s A6 B2 Er s £1
42 Wild [Temmnis] el 0y 58 15 Ed B
B3l Wild [ Adkaih -1%.7 058 ¥.7 HA 7l
ki3 Wild [Kusbtyshes =223 5B A% RS =11
B2 Wild [ARaz) N 14H] aL2 B2 LiF
Harreakee - «23.3 . LY : L]

Tahle 2-15. Freezing tolerance and solublc
Rusgian germplazms.
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Slected by wirder herdisess Iedium 0.8 [EX 42,5 573
Belctdnl bey Freszing boderanca Ewmly 8.6 [ e} £5.0 a1
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Wamemidoi Barly -16.8 1=K T 413
Lemnpradiki Barly 83 [L& L ] 455
D ategutinskoays Baely =178 153 ] e
HM-I'E' 1 Flediom  -164 L5 42,7 4.2
CY (%] T2 20 7. 165
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Table 2-16. $Seasonal changes in soluble sugar content of crown in orchardgrass cultivars.

Soluble supar content (mg/g FW)

8-0ct S-Maov 3-Dec
Freezing
Cultivar/Strain Mnm a“c.i Fractan 'Total N.l‘mu amf Fructan  Total N,Imm ‘mq Fructan Total tolerance
disaccharide disaccharide disaccharide (LT5,"C)
s0;
Morshanskaya 11.8 307 415 19.2 4.9 54.1 44.4 823 126.7 -226
Hokleai 28 16.3 528 691 20.7 429 63.6 33.0 87.6 120.6 2203
Wasemidori 13.4 44.1 574 252 35.8 61.0 36.7 533 90.0 -19.6
Akimidori 9.0 307 387 24.6 479 72.4 ind 578 942 -16.8
Ambassador %l 282 353 20.8 59.8 8.6 42,5 93.2 135.7 -17.3
L.5.D.(0.05) 3.6 205 280 58 23.5 260 ns ns ns =17

Table 2-17. Solubole sugar content after wintering and winter hardiness in orchardgrass

culfivars.

Crown

Raot

Soluble yugar  Residau]  Consumed  Soluble sugar  Residaul  Sueyival — Winter

Cultivar/Strain - Provenance N ) 5 ) L
comient rate SURET content rate rate hardiness
mg/gFW ) mg/pl'W mypEW Yo Y%
Morshunskaya  Tussia 12.4 2.8 1143 48 10.3 100.0 5.8
Holdkai 28 NARCH 12.5 10.4 108.1 a8 7.4 950 5.4
Wasemidor WARCH 7.3 Rz B2.6 232 34 82.5 4.8
Akimidurd NIRGS 6.3 a7 7.9 2.3 8.5 ¥1.5 29
Ambassador US.A 5.0 a7 130.7 4.5 8.3 ¥2.5 34
1.s.d.(5%) 5.6 42 26.2 108§ n§ + RE]
Date 11-Apr 11-Apr 11-Apr 11-Apr  1B-Apr iB-Apr

1}8oluble sugar conlent afier wintering / soluble sngar content before wintering = 100. 2) 1:{very poor}-9:{vety pood).
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Productivity of orchardgrass {Dactylis glomerata
L.} cultivar “Hokkai 28” which was bred from Russian
germplasms was evaluated at two locations in Japan and
Russia. Total vield of “Hokkai 28” for two years was
lower than that of “Wasemidori” at NARCH in Japan
and was equal to “Wasemidori” at VIR in Russia. The
yield of “Hokkai 28” from summer to autumn was
lower than that of “Wasemidori”

New strains of orchardgrass and meadow fescue

{Festuca pratensis Huds.} were developed by the cross
between Japanese and Russian cultivars. Winter
hardiness of crossed strains in orchardgrass was equal to
the original cultivars at NARCH in Japan. Survival rate
of crossed strains in meadow fescue was higher than that
of the original cultivars at VIR in Russia.

New strains which showed high freezing tolerance
were developed from populations crossed between
Japanese and Russian cultivars by the recurrent selection
for winter hardiness and freezing tolerance in
orchardgrass.

The start of fall dormancy of “Morshanskaya” and
“Hokkai 28”7 which showed high freezing tolerance was
earlier than that of “Wasemidori” . “Morshanskaya” and

“Hokkai 28” which showed higher winter hardiness

than  “Wasemidori” had more water soluble



carbohydrate than “Wasemideri®” after wintering. The
ameuntt of the residual of water scluble carbehydrate in
the crown after wintering was relatad to the degras of

winter hardiness in crchardgrass.
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