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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

period.For this reason, it is desirable to grow winter

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

synthesis genes and production of winter wheat

transgenic plants with introduced wheat fructan

synthesis genes

ional analysis of wheat early light-inducible

protein(ELIP)genes and production of winter wheat

transgenic plants with introduced wheat ELIP genes

sis of characteristics relating to freezing

tolerance and snow mold resistance in forage legumes

using DNA markers

ation of freezing tolerance and snow mold

resistance in grass germplasms and their utilization

for breeding

opment 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

Agriculture and Bio-oriented

N.I.Vavilov All-Russian Research Institute of Plant

Industry ssian Academy of Agricultural Science

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.

eveloping freezing tolerant and snow mold resistant

breeding materials in winter wheat.

dentification of NA markers linked to freezing

tolerance and snow mold resistance in alfalfa and red

clover.

eveloping freezing tolerant and snow mold resistant

breeding materials in forage crops.

Results:

evelopment of freezing tolerant and snow mold

resistant breeding materials in winter wheat using

wild relatives of wheat

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.

0ne-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

with

the highest resistance to snow mold. Twelve accessions

of Ae. Cylindrica which had high levels of winter

hardiness at Sappor howed good winter survival in

the field of N. .Vavilov nstitute for Plant dustry St.

Petersburg in Russia.

Sugar metabolism in Ae.cylindrica under snow

was different from that in wheat. The highly snow mold

resistant wheat cultivar 1 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 00 52 a snow mold resistant

accession as backcrossed to “Chihokukomugi,”a

leading wheat cultivar in Hokkaido and a breeding

material possessing a pair of Ae. Cylindrica

chromosomes was obtained. t showed high levels of

12

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 F3 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 NA 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 c NA coding for a

key enzyme -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 th ructosidase motif. ddition

5’ upstream of this gene was isolated by TA L-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 T0 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 T0 plants showed

morphological changes such as malformation; seeds

from the T0 plants germinated nearly 100 ; and T l

plants from them were not observed to have

morphological abnormalities. Some of the individual Tl

plants were observed to possess the introduced genes

and normally produced T2 seeds

3.Functional analysis of wheat early light-inducible

protei development of an

Agrobacterium-mediated transformation system



for wheat

Wheat ELIP continued to accumulate under hardening

conditions and mature-ELIP 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 ing 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

under dark conditions. Howe in wheat

seedlings was stable and tended to accumulate at low

temperatu . ark 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 photo after low- temperature and

strong-light treatment was greater in some rice plants

with introduced antisense of ELIP cDNA than in wild

dicating 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 Bialap i were greatly

suppressed in “Chinese Spring,” suggesting the bar

gene is useful as a selectable maker in wheat.

A vector reen/pSoup dual plasmid

system: pA1154 and pAL15 howed higher transient

GUS expression in the wheat calli than the vector

pMLH7133- 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

13

LG(Linkage Group)2 in diploid alfalfa. lt 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 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 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 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 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 in 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 Japan. These results

indicate that the utilization of the Russian germplasms

would be effective for the improvement of orchardgrass



More than the half of accessions of Russian

germplasms in meadow fescue was superior in freezing

tolerance and snow mold resistance to “Harusakae,” a

When seeds of 210 accessions of Russian

germplasms were examined for endophyte infectio

fungal hyphae were found in sions

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

In “Harusakae” and “Tomosakae,”plants of the

Endopyte-free lines were compared with those of

or freezing tolerance and

snow mold resistance. There was no significant

difference

tolerance and snow mold resistance in both cult

The effect of endophytes infection on sow mold

resistance was inconsistent across meadow fescue

genotypes. nd

te-infected plants were more tolerant

than endophyte-free ut endophyte-infected

plants were less tolerant than endophyte-free plants in

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

d the

Japanese cultivar “Hokuseki” were crossed. Selection

was made in the F2 population based on resistance to

stics.

F2 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

14

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 28” was equal to “Wasemidori”

in forage yield at N.I. Vavilov Institute for Plant

Industr R 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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dead;4 most of stems dead: 5 plant dead.
2Freezing tolerance was expressed as LT5a (the temperatureatwhich50Sofplants

are kil led)

KU accessions were provided by Kyoto university.Dr.Yoshida.NARC.gave other

j .c} y7 accessions onginally collected by lCARDA.

valuesfolJowed by same letters in the same column are not sign cantly djfferent at

the 5S level according to Duncan's multiple range test.

Table l-2. W inter survival of Ae.cylindrica accessions
at Pavlovsk Russia during 2000/2001 and 2001/2002.

Plant survival (%)
Accession or cultivar 2000/20012001/2002

Ae.cySndrica 400384
400452
400454

400476
400477
401384
401414
KU 2438
KU 2440
KU 2441

KU 2486
KU7-5
P1 173438

T.aestivum Horoshirikomugi
Chihokukomugi

Ibis

0
9

Q

a

2

87

s
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Aegilops cylindrica

a CD

cylindrica

a

a

DNA

a

Agropyon spp

Table l-3. W inter survival of jgr )z? e/ 1 7 and lines

derived fiom interspecinc hybrids at Pushikin during
2001/2002.
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Ori in/Cultivar/Line Plant survival(%)

Agropyron elongatum

37654 Uzbekistan
37673 Turkey

37685 Uruguay
38901 Australia

38902 USA
39385 Canada
40016 Bolivia

43562 USA
44371 Portugal
44483 Ukrain
44485 Russia
44486 Russia

44719 Russia
45404 Yemen Arabian Republic
45480 Russia

45481 Russia
45482 Russia
45831 Australia

Breeding lines derivedfrom lg \y, ,?spp./wheat crosses

40987 PPG 54/49
40859 PPG60/49
40860 PPG 59/49
40870 PPG 56/49
40871 PPG 55/49

41065 PPG 57/49
38289 PPG 559
40229 PPG I
40230 PPG 64
40231 PPG 186
43830 Zemolrmovoi PPG 108

45862 PPG 391
48704 PPG 29
48888 Gibrid
48890 Gibrid
48891 Gibrid

48892 Gibrid
54691 PPG 5
58539 PPG 113

58540 PPG 115
58541 PPG 347

56873 Zemofurazhnaya 125
57443 PPG 827
61244 PPG 48

40612 Mnogoletnyaya N2
47028 Zemokormovaya otrastayushchl
47987 Zemokormovaya otrastayushchE
59005 Mnogoletnyaya 299
58006 Mnogoletnyaya 206
59007 Mnogoletnyaya 322
59008 Mnogoletnyaya 111

Wheat checks

valqjevskaya
Chihokukomgi

1)Accessions of N0. 40612 59005 59006 59007 and 59008 were

obtained from the cross betwean lf pyn]/7s QS fzjm and

7ijltjcum lestiyum.The rest were obtained from crosses between

7fitjcum sstjvum , sum arA.int rm gisl.



Table l-4. Disease severity of accessions of jg, ,y, ,7

/ z7g zzjz?7 and breeding lines derived fiom Agropyr )
spp./wheat crosses in artificially infbsted plots at Sapporo
during 2001/2002.

Accession N0.1 Line/cultivar Disease severit 2
Agropyron elongatum

WILD
WILD
WILD
WILD
WILD
Commercial
C PI 22085
Jose
ORBIT
BELEN
CS 7 57

AUSTRALIA 7736

2
ELvlZCACHERO
WILD
WILD
WILD
WILD
TARGO
WILD
WILD
WILD
Turrell

lines derived fromAgropyronspp./wheat crossesl

…

PPG 599
PPG 64
ZemokormovoiPPG-108
PPG 407
PPG 29
Gibrid
Gibrid
Gibrid
Gibrid
Gibrid
PPG 5
PPG 113
PPG 115
PPG 347
Mnogoletnyaya 209
Zernofuraazhnaya 125
PPG 827

N
r'q

n

1)The accession of N 59005 was obtained from the cross

between IZy 7 7 sAyW;sfzjy and 7ii‘Z17zjy?7 jssf ljy77.The rest

were obtained from crosses between ay?7 s sM4jm and 1.

uclln ar jA. jnt r7y d1Jm.

2)Disease severity: 0 no damsge: 1 1eaves were injured: 2 1ess

than half of the stems were dead; 3 half of stems were dead; 4

most of stems dead: 5 plant dead.
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Table l-5. Disease seveiry of breeding lines derived fiom
Agn)Pyronspp./wheat crosses in artificially infested plots

with Typh a ishikariesisduring 2003/2004 at Sapporo.
Accession No.I Line/curtjvar Disease severit 2
40697 PPG 54/49 4.6

0
6

4
0

4
0

Wheat checks

PPG 60/49

PPG 59/49
PPG 56/49
PPG 55/49
PPG 57/49
PPG 186
PPG 391

PPG 48
Mnogoletnyaya N2
Zemokormovaya otrastayushchaya
Zemokormovaya otrastayushchaya 38

PI173438
Horoshirikomul

Chih kukomui

1
.8

4
.2

4
.8

Ibis 4 9

1)The accession of N0 40612 was obtained from the cross between
Agropyron elongatum and Tritjcum aestl The rest were obtained from

crosses between 77iticum esti d j. glaucunl orj4.jnt ryyladium.

2)Disease severity: 0 no damage; 1 1eaves were irljured; 2 1ess than half of

the stems were dead; 3 half of stems were dead; 4 most of stems dead; 5
plant dead.

4

6

6 4

..

9

M

Ibi



Table l-6. Freezing tolerance expressed as Ur5o among lines derived fiom crosses betweeen
Apropyron spp. and wheat at Sapporo.

Accession No.U line / cultivar LT5o 95%confldence limit
59005 Mnogoletnyaya 209 -24.3 -22.9 25.7

59007 Mnogoletnyaya 322 -24.7 -23.8 -25.6

26419 Hussar x Ae.cyM( ca 19.2 -18.3 -20.2

26423 Hussar x Ae.cy!indrica -20.2 -19.1 -21.4

40612 Mnogoletnyaya N2 -17.8 16.4 -19.4

47028 Zemokormovaya otrastayushchaya -24.2 -22.4 -26.2

47987 Zemokormovaya otrastayushchaya 38 -25.0 -23.0 -27.2

38239 PPG 599 -22.3 -21.2 -23.5

40230 PPG 64 -21.7 -20.2 -23.2

45859 PPG 407 -18.9 18.5 -19.3
48704 PPG 29 -20.3 -18.5 -22.4

54691 PPG 5 -23.5 -22.8 -24.3

58539 PPG 113 -26.2 -25.5 -26.9

58540 PPG 115 -23.2 -23.0 -23.4

58541 PPG 347 -21.5 -20.3 -22.7

57443 PPG 827 -26.3 -24.5 -28.3

(wheat check) valL4jevskaya -24.5 -23.4 -25,7

MOnstertaler 19.8 -17.6 -22.2

1)The accession of N0. 59005 and 59007 were obtained from the crosses between py,t 7

e!ongatum and Wtjcum aestjvum.The rest were obtained from crosses between Triticum estivum
and ,4.gf ucurn oy A. jntermedium.
val14jevskaya,avery cold tolerant wheat check; MQnstertaler, a cold tolerant wheat check.

a
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2°C/Wet 2°C/Dry 4°C/Wet l 4°C/Dry

2cC/Wet 2°C/Dry 4°C/Wet 4°C/Dry

j
4'CjDry

4'C,j�Wet

2 C/Dry

2 C Wet

Fig.1-4.Relationships betwecn the hardening pcriods

hardening tempcratures soil matric potential and rcsistance

to lyphllJa ishjkariensis.a: hardening pcriod 28 days b:

hardening period 14 days.
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Fig.1-5.Fungal DNA conlcnls in
with7yphula ishi lenSls
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Fig.1-6.GISH of Mnogo etnyaya 209.
Chromosomes with green nuorescence arcJgenomc from
Agropyrom elongatum.

Table 1-7

4 6
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Table l-7. Chromosomc numbers of lines derivcd fiom
crosses bclween j 1‘ljll spp. and whcat

Accession No/’Ljne Chromosome numbers
40230 PPG 64 42

PPG186
Mnogoletnyaya N2
ZemokormovoiPPG-
108
PPG 407
PPG 29
PPG 5
PPG 827
PPG 113
PPG 115
PPG 827
Mnogoletnyaya 209
Mnogoletnyaya 322

54 56

1)Accessions of N0. 59005 59007 and 59008 were btained from the

crosses between lg apjfoz7 zWlfzjy?7 and ‘&‘ ‘yljy?7.The

rest were obtained from crosses between yii ‘ ' nd j.

g&zjczj7?7 or 4. termeditjm.

4

GISH

m s s e

S

a

a

a

m A.

m



a 400452

a

m

DN

a a

3)

25

N I 1) Z a N 1) a a a1) 2)

H L 3) m D M a 3) 11 4)

a a M a a4)

1)Na a a

H

2)Na a a

3) a a

4)N I Va a I

P a I

I a a a m a m

a a m

a m a H

m a a a PI 1 43 m a a

a

a a m a

a a m a

a a

a

B m

a a ma a N a

a a I I

xam m a a z

N m

m a a a

a a a a m m

a a a a Va j a a a

z a a

B a a

a m a a a

400452 a m a a

m m a a a



26



DNA

(Triticum aestivum.L PI l7343

7 0

SST(sucrose:sucrose ructosyltran erase

0 PI 343 CTAB

Sau3AI Lamba Fix

II/Xho I Partial Fill n Vector(Stratagene

SST(sucrose:sucrose ructosyltran erase

( t A :Kawakami and Yoshida 2002

2

R

cis PLACEweb

0

t

T

T

3326bp

p

T

B-fmcloskjasc motif NDPNG

406-7 415 6 1287-88

5 ATG TAG3’

1-SSTCDNA 2

1989bp

5’ ATG TAG 3’
1-SST gDNA - lntron l lntron 2 lntron 3

Fig l-7. Structures of cDNA (wn2)and genomic DNA of wheat l-SST. The coding regions and introns are represented as
thick black lines and white boxes respectively.NDPNG indicates the highly-conservative amino acid sequence of B'
fhlctosidjlse motif
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9bp

6-SFT 1-SST

5-7

1-SS

A

1-SST 1

1-SST

R 1-SS 5

p

1-SST

GF

IS42 s

466 3 52 5 5417
GFP

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

flanking region of l-SST gene. 1 PALbox; 2
ELRE(elicitor responsive element);3 G box; 4 Myb; 5

Myc; 6 1Box(light responsive)core; 7, TMAbox.
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9bp

R

GF

.

halmers J. Johnson x. idgett . pangenberg

G(200 : olation and characterization of a sucros

sucrose l fructosyltransferase gene from perennial

rygrass( lium perenne .J. lant hysiol. 60 385

3 .

awakami . Yoshida M. (200 :Molecular

haracterization of sucrose:sucrose

fructosyltransferase and sucrose:fructan 6

fructosyltransferase associated with fructan

accumulation in winter wheat during cold hardening.

Biosci.Biotechnol.Biochem.66 297 2305.

idgett . Jennings ohnson uthrige .

Jones E pangenberg G(200 : solation and

characterization of a fructosyltransfersase gene from

perennial ryegrass ( olium perenne .J. lant hysiol.

5 3 043.

üscher M. Hochstrasser U. Vogel G eschbacher

R. Galati v. Nelson .J. oller iemken .

(2000 : loning and functional analysis of

sucrose;sucrose fructosylyransferase from ll

Fescue. lant ysiol. 24 227.

ichels . Van aere . an den Ende . er

M.(2004 :Expression analysis of a chicory fructan

exohydrolase gene reveals complex regulation by

cold.J.Exp. Bot.5 2 333.

agaraj V.J. Ried . Bolle . iemken . and

Meyer .D. (200 ight and suger regulationof

barley sucrose:fructan fructosyltransferas key

snzyme fructan synthesis in barley leaves. J lant

hysiol. 8 0 607.

29

7 Niwa Y. Hirano . Yoshihiko . himizu M.

obayashi H. 999 : Non invasive quantitative

detection and applications of no toxic type

green fluorescent protein in living plants. lant J.

53 2.

8 ymowska alanne Z. eis M 998 : he plant

invertase physiology biochemistry and molecular

biology. v.Bot.Res.28 7 .

9 Yoshida M. be J. Moriyama M,. uwabara .

998 : arbohydrate levels among winter wheat

cultivars varying inf freezing tolerance and snoe mold

reresistance during autumn and winter. hysiol. lant.

0 6.

loning and haracterization of heat

Fructan ynthesis Genes

Midori Yoshida

National cultural Resear er for

Hokkaido Region

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 cDN coding for a key

enzym involved in fructan synthes we

isolated the l genomic gene from the wheat

genome library and determined its sequence. he

genomic gene consisted of three introns and four exons.

he 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. n additio the

5’upstream of this gene was isolated by R and

found to possess promoter activity. his promoter was

fused with GF in a transient expression experiment

which showed that this promoter responded to light

sugars, and elicitors.
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2 3 4 5 6 7 8 9 11 12 13 PBob
-

Fig l-10. PCR Southem detection of -SST(wft2)in To derived fiom Bobwhite.
Arrow points 748bp PCR amplified fiagments. Plants with underbars carried wn2 in the genomic DNA. P and Bob indicate

plasmid(positive control)and Bobwhie(WT),respectively

Aka 47 58 59 60 6

�

P 18
-

47

C

48 49 56
-

P 15 T,

-

Fill-11. A)B)C).PCR Southem detection of l-SST (wfl2)in T, derived fiom Akadaruma.
Arrows point 748bp PCR amplified fiagments. Plants with underbars carried wn2 in the genomic DNA.Aka and P indicate

Akadanlma(WT)and plasmid (positive control),respectively

Tablel-8. Number of immature embryos regenerated plants seed-harvested plants and wn2(1-SST)-detected plants (T,)on

tran rmation by particle bomberdment.

(2)Transformation usin l-SST/ MLH7133
u tlvar lmmature embryos Regenerated plants Seed-harvested plants Gene-detected plants
Akadaruma 3651 73 72 2

Norin12
DAWS
Turbo

3459
3035
5443

Tablel-9. Number of immature embryos regenerated plants seed-harvested plants and wfil(6-SFT)-detected plants (T )on

trans rmation by particle bomberdment.

(1)Transformation usin 6 SFT/ MLH7133
u tlvar lmmature embryos Regenerated plants Seed-harvested plants Gene-detected plants

Akadaruma
Norin12
DAWS
Turbo
Bobwhite

6280
4728
3044

890
4467

�

C
9

-

- continued
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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 l-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 l-SST gene T0

from Bobwhite which had often been used for

transformation and Akadarum which had been
reported to be transformed by the gene introduction

method used this time. No To plants showed

morphological changes such as malformation; seeds
from the To plants germinated nearly 100 ; and T1
plants from them were not observed to have

morphological anomalies. Some of the individual T1
plants were observed to possess the introduced genes

and normally produced T2 seeds.
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Fig.1-15.Eact of cold temperature on ELIP accumulation

underlight or dark conditions.

A.Northem blolting with the wcr12 cDNA encoding

wheatELIP.Seedlings were treated with cold temperature al

4 or 4 h in darkness. B.Westcm blotting with the anti-

wheat ELIP antiserum. Seedlings were treated with high light

stress at 1 molm-2s-1 for 4 h(Light)and cold

tcmperature at 4 with a light intensity of 5 molm-2s-1

for4hor24h(Cold).

A.etiolated seedlings

“j
g

”‘
;

Light
C412244872 8

[

B green seedlings

Fig.1-16.Effect of cold temperature on EOPaccunlulation

under dark conditions.

Scedlings(A:etiola B:green)wcrc treatcd with cold

temperaturc at 4 for72 h in darkncss.

Etiolatcd seedlings werc also trcatcd with high light strcss at

1 molm-2s-1 for 8h(Light 8)as a control.

72

P

ELIP

ELIP

(Fig.1-

ELIP

ELIP

molm-2s-1 precursor-ELIP

4h

mature-ELIP

72

ELIP

4h

Fig.1-12.ELIP and transcript accumulation during cold
hardcning.
A.Westcm blotting with the anti-wheat EOP antiserum. B.
Northcm blotting with th DNA encoding whcat

ELIP.Samplcs were coHectcd 4 h ancr light on
1 40 73 86 146 158 174 amino acids

:

:alransit peptide to chloroplasl

:lheconserved hydrophobic domlin l among ELIPs

:lhe conserved hydrophohic domlin lll amonl ELIPs

l :mature proteil. 13.7kDa

Fig.1-13.Deduccd structure of WCR12.
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Table l-10. Comparison of the chilling injury between the

wild-type and wcr12-Anli-7 1ransgenic lines.

wild-type
wcr12-anti-

Degree ofchilling E.C.b( )

injurya( )

10.1 2.6 42.8 3.3

45.3 6.5 63.8 3.2

wiltcd or damagedareaoflhe 3 d leaves aner c()ld and ligh1 1rcalmcnls)

ltolal area oflhe 3 d leaves bcfore lrealmenls 100

Eleclric conduclivily: 4conduclance of lea cs aner cold and ligh1 1realmenls3

1{final COndUClanCC anCr killing 100

iSD

ELIP

P 72

ELIP

ELIP
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ig.1-18.Timc coursc of PSIl photoinhibition asured by

the decrease in the V/ m chlorophyll fluoresccnce ratio

during cold and lighl slress lreatments.

Young expanded leavcs were detached trom week old

planls and were incubated al l0 °C under lighl al l 0

molm-2S-1
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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

freezin an 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 in photosystem after

treatment with low temperature and strong light were

higher in some rice plants with introduced antisense of

ELIP cDNA 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.Effect of length of cullure on plant regcneration in
wheal cv.Haruyutaka.
Calli werc induced and cultured on MS mcdia containing 5
g/l gelrilc.
a.No.of calli with shools / No. of calli induced x100
b.No.of calli regenerated to plants / No. of calli induced
xl00

P

Sp

5

MS+ m , D pH5 8

5

Haruyutaka

Chlnese Sprlng

Bob whl te

Concentratlon
of gelrlte
(g/l)

No of
eliryos

tested

CII li ith
Green spots

(

97 1
100 0

10 0
100 0
100 0
100 0
95 0
96 3
96 3

Sh ts

formatlon
(X)

82 9
100 0

97 1
93 1
96 4

100 0
73 3
85 2

88 9
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form atlon

(

714
1000

971
69.0
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91.3
60.0
77.8

88.9
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pAL156.
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Fig.1-22.jgj?7 a lerium-mediated transient exprcssion of
GUS in wheat calli f\om immature embryos.
A.Transient GUS expression in wheat calli 4 days ancr
inoculation.B.C ose-up ofca lus surfilce showing individual

fi ci of transicnt GUS expression.C.Transicnl GUS
cxpression in callus 18 days aner inoculation.
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1
9

3
0

6
6

4
1

6 31.

.71

64 7.01

23 5a.|

5.3
19.1

19.8
10.5

'lible l-15. Proportion of cani with GUS stain on media
containing 4 mg/l bialaphos.

CV

(11irsse Spring

b White
Bob White
Ek)b White
Bob White

So.of ca i
inoculated

8
8

6
7
7

9
7

8
6
1

Calli with GUS
spots 2 days after
co-cultivation(%)

.5

.0

Calli with GUS
spots 10-18 days after
co-cultivation(%)

33.3(18)
53.3(10)

37.5(10)
35,7(14)

65.9(11)
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Toward Establishment of Wheat

Transformation System Mediated by

Agrobacterium tumefaciens

Etsuo Shimosaka

National Agricultural Research Center for

Hokkaido Region

To establish a wheat transformation syste 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.Bialaph herbicid 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

introductio highly efficient vector system

(pGreen/pSoup dual system: pA1154 and pAL156)

considered highly efficient for T-DNA delivery was

used.As a resul 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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5 10152025303540450S6065707580a5g 95 1CX

lon Leakage

Fil.2-1.Segregation of ion leakage a freezing tolerance

character in F2 population.

Table 2-1. QTL analysis of freezing tolerance and plant
height in autumn in alfillfa F2 plants.

Trait

Freezing tolerance R ot 2002

Freezing tolerance Leaf 2001

Plant height 2002.8.21
Plant height 2002.11.6
Plant height 2001.9.5

Plant height 2000.9.1

5
0

6
8

7
5

8
6

8
9

cM

-
60

LGI
LOD

LG2
cM LOD

2.19 5

71

53 2.32 71

1
8
2

0

Fig.2-2.Map position of

tolerance in diploid alfalfa.

3.31

3.25

70 3.4

cM

LG4
LOD

47 2.16

6
2
3

0
5
3

e
9
0

x3
N

2.62
2.62
3.72

cM

2
8

2
C

Z
3

Z

LG5
LOD

2.79

of freezing
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QTL

QTL

F2

LG 5cM Lo 3.31

QTL

D

QTL

60

34 PCR

LG 75cM QTL

LG 9cM

LG4 B 3cM

QTL

QTL

1) lo . e l. (2000):Co ruc o of mproved

l k e p of d plo f lf (Med c o L.).

T eor.Appl. G . 100 41-657.

2)Iv u e l. (1999):T e coupl of d ffere l

d pl y d AFLP ppro e for o r o c ve

mRNA F rpr . Molecul r B o ec olo y 12

137-141.
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Analysis of Traits Relating to Freezing

Tolerance and Snow Blight Resistance Using

Molecular Markers in Alfalfa

Kiyosada Hiroil) azuhiro uchiyamal,2) chiko

Isobe l)and Mitsuru Gau l,3)

l)National Agricultural Research Center for

Hokkaido Region
2)National Institute of Animal and Grassland Science
3)National 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

detecte t 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 Fts 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 Sl 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.

45



K2 8 Functionb

lable 2-2. Summary of experiments and statistical results fk r Sclerotinia resistance and winter hardiness.

Trait No. of tested Mean Range Min-

Year Locatlon STD

name genotypes Max
Sclerotinia resistance

Laboratory experimentd

Laboratory experimentd

Field experimentc

Winter hardiness

2001 ARWFCl c SRL01

2003 ARWFCI SRL03

2002 Moscow regior SRFR

Green partratioofcrown 2001 Sapporo GPRJ

Plant height in early sprin9 2002 Sapporo PHIJ

p<0.1 p<0.05 p<0.01 Signicant differentto normaldistribution
8 D'A9ostino-Pearson K2 test.
b Function for transformation of varjable to lit normal distribution.

c AII-Russian Williams Fodder Crop lnstitute.
d Attack percentonleaves.

56

36

59

139

152

72 22.7 o-100 5.52� square

38.7 18 11,1-70.4 2.26

25.5 28.9 14.8-100 8.45¨ squareroot

7.3 7.6 O-59.2 126.5 Log

6.3 1.7 2-10.3 0.37
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72

2001 2

2001 2002

1

2

RFLP

QTL MapQTLver3.

0

25

12

DNA

DNA

QTL RFLP

12 DNA

SSR

L RFLP SSR

DNA

DNA

1.RFLP

QTL

24 RFLP STS

2.

1

RFLP QTL

LO 2.7

'nlble 2-3.Result of similarity search between cDNA probes and candidate genes that related stress
tolerance.

Probe
-
C675
C16
C618

Accession NO.
a

U21105
M97476
×82626

C1965 AF403292

C1961
C2139
C1551
C559
C1942

X52953

AJ311087

Candidate gene
x.laevis mRNA for cortical 9ranule lectin

Pisum sativum L. aldolase gene
Pisum sativum alphacpn60 precursor mRNA

AKIPI:RNA-binding protein by abscisic-acid-
activated protein kinase

Genbank accession number
Thetraits of signiicant QTL.

PALI: phenylalanine ammonia-lyase l
stsl : Pisum sativum mRNA forstachyose

synthase

P.sativum mRNA encoding arginine
decarboxylase

47

Score
-
1804
1423
137

577
1265
389
1104
2520

2575

E-vaSue Traits

SRL01
SRL03

PHIJ SRFR

e-161 SRL03 GPRJ

0.0

e-104

GPRJ

GPRJ
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Fig.2-5.The mapping posilion of SSR nlarkers those
showed polymorphisms betwccn rcsistanl and sensitivc red
c ovcr plants to s.Tri }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.
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QTL

STS QTL

DNA

RFLP SSR

QTL RFLP

SSR

SSR SSR

DNA

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.2 .

(II) 4 4-70

(
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And Sclerotinia Trifoliorum Eriksson

Resistance Using Molecular Markers

in Red Clover

Sachiko Isobe1) Mitsuru Gau1,2) and Kiyosada Hiroi1)

1)National Agricultural Research Center for

Hokkaido Region
2)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. 0n 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 thc 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
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T le 2-4.New strains developed from Russian
gemlplasms in orchardgrass.

Yearof MaturityNumberof origin ofparental clone (Numberofclones)
reann arental clone s

Hokkai 28 1996 Early 8 Russia (5) Japan(3)

Hokuiku 64 1996 Early
Hokuiku 66 1996 Medium
Hokuiku 68 1996 Medium
Hokuiku 78 2000 Early
Hokuiku 79 2000 Early

Hokuiku 80 2000 Medium
Hokuiku 81 2000 Medium
Hokuiku 82 2000 Medium

Russia(4),Japan(4),Denmark(I)
Japan(6) Russia(4),Finland()),France(I)

Japan(8) Russia(1)

Russia(10),Japan(l)
Russia(6),Japan(1)
Russia(5),Japan(2)
Russia(3),JaPan(2) Canada(D

Japan(3) Russia(2) Canada(1)

Hokuiku 82 2000 Medim 6 Japan (3) Russia(2) Canada(1)

Hokuiku 83 2000 Late 6 Russia 2 France 2 Ja an l Sweden l

51

28 3

28

28

28

28

48

4 28 8

Table 2-5. Resistance to Typhula snow blight 7yp a

ishikariensis llmaiv jsjl 2rjalja under naturaHnfiction
in Russian and Japanese cultivars of orchardgrass.

Typhulasnowblight lndexofdamage Con l

s vival by

Cullivaf/Strain ofiginl’ e Rep? s“o bli ’ ate Rep?

vlgor Vlgor

Hokkai28 NARCH 94 4.0 17.6 96 4 9

Hokuiku 64 NARCH 92 3.1 14.4 96 3 6

Hokuiku 66 NARCH 94 2.8 22.0 98 3.6

Hokuiku 68 NARCH 94 2.4 22 6 92 3 1

wasemidori NARCH 96 2.4 24.7 94 3.2

0kmid NARCH 92 2.3 19.9 98 2.8

Toyomidor4 NARCH 98 2.6 5 9 92 2.7

Kiutorskaya Russia 90 2.6 30.5 96 3.7

Kievskaya Russia 86 2 2 27.2 86 3 0

Dzhegutinskaya Russia 92 2.4 20.8 90 3.1

Lenin dska’a Russia 88 2 3 28.8 98 3.3

1.S.Dj009 n s 1.0 n.s. n s. 0.9

l)NARCH;NationalAgliculturaIResearchCenterforHokkaidoRegion
2)1:very Poor-9:very good.
3)100-(regrowth vigorbynaturalinfictionofsnowmold /repwthvigorby chemical control of
snowmoldx100)



28 1996

11

22

1 1 .

yph r n v .

Monogr h Sch ffn M

11

27 1 16

28

13 3 22

1

1 . 2

1 16

17

31

22 12

3c

2 6

82

2

52

Table 2-6. Winter hardiness in Russian and Japanese
,cultivars of orchardgrass.

Cultivar /Stnin

Hokkai28
Hokuiku78
Hokuiku79
Hokuiku80
Hokuiku81
Hokuiku82
Hokuiku83
Wasemidon
Toyomidon
Dzhegu tmskaya
Morshanskaya
Khutorskaya
Kievskaya
Potomac
Akimidori
Lude

;

Survivalra te2}

( )

‰

Regrowth

vigor3

1)NARCH;National Agncultural Research Cente r Hokkaido Reglon
NILGS;National lnstituteofLivestockandGrasslandScience

2)Mean values with di le tters in the same colum are sig cantly differenl (P<0.05) .
3)I:veryPoor-9:very good.

hble 2-7. Freezing tolerance
in Russian and Japanese cultivars.

Cultivar/Strain LT5o( C)
Hokkai 28 -22.6
Hokuiku 64 -22.6

Hokuiku 66 -21.2
Hokuiku 68 -19.9
Hokuiku 78 -24.2
Hokuiku 79 -21.6
Hokuiku 80 -21.1

Hokuiku 81 24.9
Hokuiku 82 -21.5
Hokuiku 83 -20.5
Wasemidori -21.0

0kamidori 21.0

Toyomidon -21.0
Khutorskaya -21.8
Kievskaya -23.0
Dzhegutinskaya -22.7

Lenin radska a -22.7

L.S.D.0.05 0.3

3c

2



Table 2-8.Freezing tolerance and Resistance to Typhula ishikariensis lmai in meadow
fescue populations introduced fiom former USSR.

lnstitu te Cultivars OTigin Province ce Typhula ishikariesis

12 436S5 Szild Russia Gorkii -| . 1 9.1
82 Harusakae ja an Hokkaido -1 1 .1 66.0
11 466Sg Salairskaja Russia Tomsk reg. -1 1 . 1 55.44

6
3
6

;9
2

4
4

v
lC

s
ru

n

28734
45510
42943
462{}
41089
23039
31928
45983
43118
39443
46466
34188
44299
44436
41041

38684
35059
30216
46199
43097
43087
43100
46334

�

Russia
Arlneniya
Russia
Russia

Russia
Russia
Russia
Russia
Russia

Russia
Russia
Russia
Russia
Russia
Belorllssiya
Russia

Russia
Russia
Russia
Russia
Russia

Russia
Russia
Russia
Russia
Russia
Russia

Russia
ukraina
Russia
Russia
Russia

Leningrad reg

Altai
Sakhalin

lrkutsk reg

Norlh oset a

Sverdlovsk reg

Omskrcg

voogdareg

vladimir reg

Buljatia
Arhangelsk rcg

Krasnojarskreg

Pskovreg

Vladimir rcg

Komireg

1rkutskrcg

Marijski areg

Kfasnojarskrcg

vladimir reg

N4oskow reg

Stavropo1 reg

Nioskow rcg

Krasnodar rcg

Leningrad reg

Stavropol reg

lvanovo rcg

Yaroslavl reg

-11.0
-11.0
-11.0
-11.0
-11.0
-10.9
-10.9
-10.9
-10.8
-10.S
-10.S
-10.S
-10.7
-10.7
-10.7
-10.7
-10.7
-10.7
-10.6
-10.6

.6
.3

.9

83.6
64.8
64.8
57 3

49.1
61.0
39.6
37.0
Non
71.7
59.5
17.0
Non
63.4
61.7
57.2
49.3
35.1
Non
88.2
87.0
64.8
59.6
57.6
64.7
38.7
67.3
66.0

72 46334 M/ild Russia Altai -9.3 40.6
4 48374 M/ild Russia Altai Non 63.4

Non: no experiment.
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Table 2-9. Endophyte in ction status and loline alkaloids of meadow fi;scue germplasms coHected in the irmer USSR.

Country or region

The Arctic ocean coast
Baltic Sea coast
Moscow
Caucasus
The Urals
Novosibirsk
lrkutsk
The Far East
Belorussia
ukraina
Kazakhstan

1
0

infection
percentage

6
0

8
0

9
0
7

5

Number of accessions
with loline alkaloids
in seeds

of accessions

with loline alkaloids
in seeds

6
0

7
5

1
0

0
3
3

4
4

6
7

Tota1 55 41 75 24

The Arctic ocean coast: Arhangelsk, Karelija,Komi and Murmansk reg. in Russia.
Baltic Sea coast: Estonia Latvia Lithuania.Leningrad reg. in Russia.
Moscow: lvanovsky, Moskovsky Penzensky, Rjazan,Smolensky,Tambovsky,vologodsky and voronQjsky regjn Russia.
Caucasus: North osetija. Karachaevo-cherch,Krasnodarsky,Stavropolsky reg. in Russia.
The Urals: Sverdlovsky,Tobolsky Tumensky reg. in Russia.
Novosibirsk: Altaisky, Kemerovsky,Novosibirsky,0msky Tomsk reg. in Russia.
Irkutsk: Irkutsky Kranqjarsky reg. in Russia.
The Far East: Petropavlovsk K in Russia.
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'nlble 2-10. The efTect of the heat treatment on freezing tolerance and snow mold resistance in meadow fescue

Cultivars Heat treatment in seeds

Syn. 1

Tomosakae Not treated
Nottreated

Treated
Treated

Sigin cance
-
Harusakae

Siginif icance

Nottreated
Nottreated

Treated
Treated

Syn.2

Nottreated
Treated

Nottreated
Treated

Nottreated
Treated

Not treated

Treated

Endophyte
infection rate (%)

5
2

Freezing tolerance
LT5o( C)

-20.5
-19.9
-20.0
-20.7

N.S.
-
-20.7
-20.0
-19.5
-20.7

N.S.

Snow mold resistance
Plant survival rate (%)

N.S.

1
0

N.S.
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uncinatum in meadow fescue (Festuca pratensis)

ecotypes in Hokkaido. Bull.Natl.Grassl.Inst.49,35-

41.

5)Latch,G.C.M. and M.J. Christensen (1985):Artificial

infection of grasses with endophytes. Ann.Apple.

Biol.10 17-24.

6)Malinowski,D. Leuchtmann,A. Schmidt,D. and

 Nösberger J.(1997a):Growth and water status in

meadow fescue is affected by Neotyphodium and

Phialophora species endophytes. Agron. J. 8 73-

678.

7)Malinowski,D. Leuchtmann,A. Schmidt,D. and

 Nösberger J.(1997b):Symbisis with Neotyphodium

uncinatumn endophyte may increase the competitive

ability of meadow fescue.Agron.J.89,833-839.

8)Moriyama,M.,J.Abe,M.Yoshida,Y.Tsurumi and S.

Nakayama(1995): Seasonal changes in freezing

tolerance moisture content and dry weight of three

temperate grasses. Grassl. Sci. 4 21-25.

9)Nakayama,S.,and J. Abe (1996):Winter hardiness in

orchardgrass(Dactylis glomerata L.)populations

introduced from the former USSR. Grassl.Sci.42

235-241.

44,( )174-175.

11)Schmid D.(1994):Du nouveau sur les endophyes

de la fetuque des pre. Revue Suisse Agric. 26, 57-63.

(

6( 1),303.
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Relationships between Endopyte Infection and

Freezing Tolerance and Snow Mold Resistance

in Meadow Fescue

Tomoyuki Takai l,2) Yasuharu Sanada l)

and Toshihiko Yamadal,3)

l)National Agricultural Research Center

for Hokkaido Region
2)Nagano Prefectural Livestock Experiment Station

3)Hokkaido University Field Science Center

for Northern Biosphere

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 7 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 + 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
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Table 2-11. Traits of selected plants fiom (HXR)2 in 2003

vigor in Flowe ng vigor at habi at hei tat Flo e "g ;)vigor in

Llne/Plant sp'ilg(j71W t 1�e 1�e i '�
cuttlng cuttlng flowers

(HXR)2
Rannii 2

Altaswade

(HXR)3-0131
(HXR)3-0925
(HXR)3-1326
(HXR)3-1423
(HXR)3-1617
(HXR)3-1819

3.7
4.5

3.7
6/20
6/23

6/15
6/16
6/16
6/17
6/17
6/17

4.7

Q
Q

C
9

9
�tr

L
r

51.0

35.6
50.5

-

50.3
55.7

51.3

47.3
56.7

71.3

8/7
8/24

7/27
8/10
8/11
8/13

8/10

2.8
1.0

C
9

C
9

e
')

Scores ofvigor 1:poor 9:excellent: Plant habitat 1 :prostlate 9: elect:

no flower 1:10%of stems with flowers 9: 90%of stems with flowers

no flower less than 30%

×
×

×

�
�

�

�
�

�
�

��
�

h
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p
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w
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Improvement of Freezing Tolerance and

Sclerotinia Rot Resistance in Red Clover

Using a Russian Germplasm

Kenji Okumura1), Mitsuru Gau1, 2), Kiyosada Hiroi1)

and Sachiko Isobe1)

1)National Agricultural Research Center

for Hokkaido Region
2)National Agricultural Research Center

for Kyushu Okinawa region

In order to develop new breeding materials resistant

to Sclerotinia rot and compatible with timothy on mixed

sown sw 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” is a most productive and persistent

cultivar in Hokkaido. Selection was made in the F2

population derived from the intervarietal crossing based

on resistance to Sclerotinia ro rsistency and

flowering characteristics. The F2 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 F2 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 F3 population obtained was evaluated

for resistance to Sclerotinia rot by artificial inoculation.

The F3 population was more resistant to the disease than

“Rannii 2”and equivalent to “Hokuseki”.The F
3

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.

Cultivar/

2003
D matteriled k a

Winter . . . ..

D matter iled k a

Hokkai28
Hokkai29
Wasemidori

6.88
6.88

51.4

51.6
50.6

17.6b

20.71
20.6 17.41

17.91

7.1 89.6b
100.28
98.0

Winter
lrdiness

6.01

57.01
56.18 14.11

15.9
19.7

19.2

Total
yield

180Jb
198.28

N.I.vavilov Research lnstitute of P ant

2004
-

Cultivar/ Winter

Fresh matler ield(ka
2003 2004

'7' ' 1 1sl ls1 2nd Total Total
SIraln hardiness l

Hokkai28
Hokkai29
Wasemidori

7.0

6.5
6.5

59.9
54.2

61.5

100.3
90.4

104.2

26.5
29.9

31.9

126.8
120.3
136.1

186.7
174.5
197.6

3
.3

1)I:(very poor)-9:(very good).
Mean values with diflirent letters in the same colurnn aresignificantly diarent(P 0.05).

Table 2-13. Growth habits of selected strains and original cultivars.

Trait

Date ofhead energencel

Winter hardiness2

Plant vigor in autumn 2

Leaf streak3

Stem rust3

Ori in in Russia
Se ected original P41

.j - - .I

6
5

4
1
4

7
0

3
6
6

0
.

0
.0

.0
.

.2

2
8

Ori in in Ja all
Selected original 4

P

1)Date fiom lst May. 2)1:very poor-9:very good. 3)1:resistance-9:susceptible.

4)Probability by t-test between selected strains and original cultivars.
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Table 2-14. Freezing tolerance and growth habit of meadow fescue strains
crossed between Harusakae and Russian germplasms.

Cultivar/
Strain Original cultivar Freezing

VIR

.r_._1___A_/n/X PerCentage of
Survival rate ( )

vigorous plants ( )
wk -iil t01erance ’‘ r x´ 7

LT5o. C Crossed originaI Crossed original

’ strain cultivar strain cultivar

R14 Wild lvanovo -23,4 85.4 91.6 85 80

RI7 Tulunsk
R39 M opskaja-5
R42
R51

R55
R72

Harusakae

Wild(Tyumen)
Wild(Altai)
Wild(Kuibyshev
Wild(Altai)

-22.5
-23.6
<-24.0
-19.7
-22.3
<-24.0
-23.3

81.2
81.2

95.8

95.8
95.8

100

%

&
’_

’

1
00

8
v

h
t

p://w
w

w
.g

g
S

I

T om
Russian germplasms.

Cultivar/Strain Matunty
Freezing SOluble sugar content in crown
tolerance m FW

Mo°?!(!

Slected by winter hardiness
Slected by winter hardiness
Selected by freezing tolerance

Selected by f\eezing tolerance
Hokkai28f\eezing tolerance selection
Hokkai28
Wasemidori
LeningTadskaya

Dzhegutinskaya

Early
Mediu
m
Early
Mediu
m
Early
Early
Early
Early

-18.3
-17.9
-18.6
-17.5
-18.1
-17.2
-16.8
-19.3
-17.8
-16.4

16.8

’

50.1
42.5
55.0
45.4
38.7
23.0
27.7
37.3
55.3
42.7

66.9
57.3
67.3
58.4
46.6
36.8
41.3
48.9
70.5
54.2
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lable 2-16. Seasonal changes in soluble sugar content of crown in orchardgrass cultivars.

Cultivar/Strain

Hokkai28
Wasemidori
Akimidori

8-Oct

Mono and
disaccharide Fructan Total

30.7
52.8

44.1

30.7
69

57.4
39 7

Monoand
disaccharide

19.2
20.7

25.2
24.6

5-Nov
-

42.9
35.8
47.9

54.1
63.6

61.0

72.4

Monoand
disaccharide

36.7
36.4

3-Dec
Freezing

Fructan Total tolerance

87.6
53.3
57.8

90.0
94.2

-20.3
-19.6
-16.8

Ambassador 7.1 28.2 35.3 20.8 59.8 80.6 42.5 93.2 135.7 -17.3
L.S.D.0.05 3.6 20.5 28.6 5.9 23.5 26.0 ns ns ns -I.7

Table 2-17. SOlubole sugar content aner wintering and winter hardiness in orchardgrass
cultivars.

I.s.d.5 5.6 4.2 26.2 ns ns U.8

Date H-Apr 11-Apr 11-Apr H-Apr 18-Apr 18-Apr

l)Soluble sugar content after wintering / soluble sugar content befk)re wintering 00,2)1:(very poor)-9:(very good)
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1730.

20,239-241.

4)Moriyama M.,J. Abe and M. Yoshida (2003):

Etiolated growth in relation to energy reserves and

winter survival in three temperate grasses. Euphytica

129,351-360.

5)Nakayama,S. and J. Abe (1996):Winter hardiness in

orchardgrass(Dactylis glomerata L.)populations

introduced from former USSR. J.Japan. Grassl. Sci.

42,235-241.

(198

102-108.

7)Yoshida,M.,J.Abe,M.Moriyama and T. Kuwabara

(1998): Carbohydrate levels among winter wheat

cultivars varying in freezing tolerance and snow mold

resistance during autumn and winter. Physiol. Plant.

10 16.

Vladimir F. Chapur
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Development of Breeding Materials

for the Improvement of Freezing Tolerance

and Snow Mold Resistance in Orchardgrass

and Meadow Fescue

Yasuharu Sanada1) Tomoyuki Takai.1,2)

Vladimir F. Chapurin3) Ken-ichi Tamura1)

and Toshihiko Yamada1,4)

1)National Agricultural Research Center

for Hokkaido Region
2)Nagano Prefectural Livestock Experiment Station
3)N.I.Vavilov Research Institute of Plant Industry

4)Hokkaido University Field Science Center
for Northern Biosphere

Productivity of orchardgrass Dactylis glomerata

L. ultivar “Hokkai 28” which was bred from Russian

germplasms was evaluated at two locations in Japan and

Russia.Total yield 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” 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
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