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Phytophthora infestans (Mont.) de Bary

Mexican wild species Solanum demisg%?
B e

G tomne=T
B (G

o0k 1) X TS demissum tlﬁﬁ}ﬁ’l‘i
N R )

(B0 S demissum ZEST-BENRAY THRED,
W-racesh = 7c
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The major R-genes from S. demissum :
R1, RZ2, R3a, R3b, R4, R5, R6, R7, R8, R9, RI0, R117




Hypersensitive resistance genes
from Solanum demissum Lindl.

Genotype

Pathotype (race)

0 1 2 1,2
r + + + +
R - + - +
R, - - + +
RiR2 - - - +
+ = susceptible - = resistant
RS8R
BT FEFER B 58
RT1* S. demissum

R2% R2-like*
R3a% R3b*, R6, R7
R8, R9a*
RB/Rpi-blbT*
Rpi-blb2*
Rpi-blb3
Rpi-abpt*
Rber/Rpi-ber*
Rpil
Rpi-moc1*
Rpi-sto1*
Rpi-vntl.1T*
Rpi-ver]

S. demissum

S. demissum

S. demissum

S. bulbocastanum
S. bulbocastanum
S. bulbocastanum
S. bulbocastanum
S. berthaultii

S. pinnatisectum
S. mochiquense
S. stoloniferum

S. venturii

S. verrucosum

OOWOONOPPMOOOWOWWO—IMO

*Cloned




P. infestans D&l

18454 tH XFyaAmhs53—0v/IN (Al mating type® H)
1980&F1% A1721+ T < A2 mating typehMEA
(Reley2=aVi=l AT & A2 mating type DB HATEIC & D k1L

ropotion Netherlands

1950's - 1970's fw

19705 19904

1 and A2 mating types of
P. infestansin NY, USA

US-1 (A1 mating type)
US-7, 8 (A2 mating type)
US-11, 17 (Recombinants)

RN =
et g Vg
%3]

A2 mating type ICi&
metalaxyl (Y KZJL) H%h
BWZ ETREBEE RS T

Goodwin et al. (1998)
Phytopathology 88:939-949




Rapid displa

O A1l mating type

@® A2 mating type
(Note: still metalaxyl sensitive)

Kato et al. (1998) Ann Phytopathol
Soc Jpn 64:168-174

icement due to greater

Only JP-1 is A2 mating type

aggressiveness in the A2 strains
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Temporal genotypic changes in Japanese
isolates of Phytophthora infestans

Akino et al. (2014) J Gen Plant Pathol 80:24-37
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Potato Cyst Nematode (PNC)
VY HALEVANEYF2Y

About 60 parasitic nematode species feed on potato.
Globodera pallida Globodera rostochiensis

(White cyst nematode) (Golden cyst nematode)

1 cyst contains 200 ~ &
500 eggs -

Survive in the soil
for more than 20
years !

Yield losses 20 ~
70%

Canadian Food Inspection Agency (201 2)
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IvHA4EIAMEYFaY (PNC) IC&BER

"
Roots Wlth Cysts of the PCN

Damag crop
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YAHCESAMEYF 27 (PNC) D5

\%

1913 o \ :
PCN was accidentally
Seotland ca88l | introduced into HokKaido
1917 i around 1960, with the
Britain guano imported from Peru

1972 Pt
Hokkaido

-
6}3 The pathotype of the PCN population occurring in
CQ Japan was identified as Ro1, other pathotype was not
v detected.

\')

15
International scheme for the classification of
potato cyst nematode pathotypes proposed by
Kort et al. 1977

Clone Rol Ro2 Ro3 Ro4 Ro5 Pal Pa2 Pa3
S. tuberosum

ssp. tuberosum r r r r r r r r

. tuberosum \

ssp. andigena CPC 1673 R r r R r r r r
S. kurtzianum-hybrid

60.21.19 R R r r r r r r
S. vernerhybrid

GLKS 58.1642/4 R R R r r r r r
S. vernerhybrid

\_ 62333 R R R R r/ R R r

o. vernerhybrid

MPI 65.346/19 R R R R R r r r
S. multidissectunrhybrid

P55/7 r r r r r R r r
S. vernerhybrid

69.1377/94 R R R R R R R R

R=resistant r=susceptible
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The acreage of total potato field and the PCN
infested field in Japan

40000 -=+PCN infested field

0 massssssssEmsEEsEEISEEEEIREEEREERaRN
1970 1975 1980 1985 1990 1995 2000 2005
Year
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YHAEIAMNEYF2VDEDD

\

R
1972-1980

1981-1990 !
1991-2000
2001-2004
2005-2008

~ | 2009-2011

CYHAEVANZFaD
G.rostochiensis

1972 F ¥ F

CYHAE AV AN FaY
G. Pallida
2015F#)F

SYHAEL ANV FaVIE,
EEUSNORBR, HHR
ERBERRTREME,
EYEEL. Vv HAEVAN EYF 1O ERS N
[FHETIE. BIENWLWU S EENZRH SR
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Resistance genes to the cyst nematodes

Gene Pathogen Pathotype Chr. Source

H1 (=Fb)  G. rostochiensis Ro1l, Ro4, 5 ssp. andigena
Grol Rol 7 S. spegazzinii
Grol.2* Rol 10 S. spegazzinii
Grol.3* Rol 11 S. spegazzinii
Grol.4* Rol 3 S. spegazzinii
GroV1 Rol 5 S. vernel
Gpa* G. pallida Pa2, Pa3 5 S. segazzinii
Gpaz Pa2 12 ssp. andigena
Gpa4* Pa2, Pa3 4 ssp. andigena
Gpa5* Pa3 5 Unknown
Gpa6* Pa3 9 Unknown
Grpl* G. rostochiensis Rob, 5 Unknown
......................................... BBl DA P
*QTL
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ANV FavBREERTF (HT) OFA

i\( H1 BI&FIES. tuberosum ssp. andigena CPC1673IC
B9 2E—EM4EE{EF  Hujsman (1955) Euphytica 4:133-140

S YRRV F 1 UOFERRO EROAICESBIETIMEE RT
(HARICIFFERROT LAWLRL)

VANEVFIUBREBERARRAYNSEALLY Z
7 (H]h]h]h]) %ﬁﬁ\/\f&ﬁanTC
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YA EYFavIBREREDEK

e Rk BRE
NI AHY W=Hh x WB61037-4 1986
57 HY BEBZExWYZh 1987
TV 7AhY Y Z 7 x Priekulsky Ranny 1987
ESP R392-50 x WB77025-2 1992
LYY YZH xRB205 1992
RNZF7AhHY tE615 x R392-50 1994
=eh Pentland Dell x R392-50 1995
7—YU—X5—F BEXR5235 x R392-50 1996
feiEs=s W553-4 x R392-50 1997
21
R392-50 (HHHAh) OB EFIA
Hudson (HHhA) x Wauseon (Hhhh)
“ERIEmME J/ —ERIEmHE
R392 P E 4R IR 2R
hhhh x hhhh 0%
(W Z—H<—) Hhhh | x hhhh 46.4~50%
HHhh | x hhhh  78.6~83.0%
R392-50«—+ HHHh | x hhhh 96.4~100%
—__

& - (1992) In: #RBMIFDSH (HARBIIFSR) p. 272-276
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N146 N195

0.109% 0.207%

wdo § o AL
N g T oI Ry186
M NE R T 2 B8

0.203%

Takeuchi et al. (2008)
Breed Res 10 (Suppl 1):148

R1 (R1) —— BREMEFIEEET
PVX (Rx1) «— X4 JL ZIEHIEEET
GBSS (GBSS)« PCRI> ~O—/L

R2-800 (R2) — EFEMERIEELET
Ry186 (RY ) —Y™ 1 JL R IEHMEET

N146 (H1) ™ _s . -
N195 (H1) YRV F 2 VIERIEELRT

RIVFTL v APCRZHA U SEDFREEERMRE
BIEFV—H—DRE

Mori et al. (2011) Euphytica 180:347-355
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PCN resistant varieties

FYT7AY (1987)

5h5hAF YT (2006) ZhhFE3 (2007)

25

Vv HAEIAMEVFaviBiitRENEZTWS

SM2EERERN T
o e | ams rma | 22N
DY HAEVAM Fa0EREREOERFEESE - .
45 1 BEE 14.4% X
febl 40 —o—-2E —e=itiEE HHR 4.2 ) D) 12.1% x
35 .99
T 3 1477+ 9.9% x
30 4 A=A 7.9% x
25
= 5 =315n 7.5% x
15 15_0 6 jj’t)‘ 6.7% O
10 7 5711 4.9% O
5 8 ER0® 3.8% o
0
H5 H26 H2r H28 H29 H30 R1  R2 9 37197 3.1% o
. 10 o 2.6% O

F s AFIRRER N
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TJUAUU—=R FR274E8H19H

BAAKEES

P HLEIOUTA bRV F 2 DHERIZONT

AH, BHAERR, EEREETNO—BOEHICELT, Sy M EYRTA MYy Fa V2R L £ L, AHE, BNTIE, #HTOMRBELZD T,

AR, RBEO B CHICRESHERINTE D, Fhe L s ERICHERRHEZKIFTRERHERTH DY v M EVA My F 27 KT 2Ty, BiE, Sz
FET 2 OOWEZHA L & L7, 1ROBBBEFOCEBEINTLEY v B4 EVA MY FayREMIET 22 Lick ), RBICEALT 282 RBEEZTY
ES 2

PrHLEIYOUTA bV Fayid, ANEICIBEETHY), KREBMHELLENOL k2R LTOADRBEEZET 2 L3S ) A,

| 1. ms

BMKEES X, JLBET 2 S, TREREAETNOIEBICE LT, Py 4B UV A ey F a7 b EZONSBMEPHRINL, | L OMKEEZT, MW % BIRE L.
B 7N 2L, FEIEHEEEM L 28R, AHA9H), A9 Y 7V BERPEREEDY v 4 €2 0¥ R b2 ¥ F 27(Globodera pallida (Gp) Th 5 Z L MR L £ L7,

ARz, BROPEO—HCHICREPIHERINTE D, Fhv L x EEICHER2EEZ2JIETHERERHRTH 52 v 'L €L R bt ¥ F 27 ( Globodera rostochiensis (Gr)) (ZHifld
2HMRTHE DS, LEOBHILSOBICEBENTO S v /A EL A v F 29 F AL IR OMIE 2 HHER ICHEHET 5 L L bic, RAERELZFET 2-00HER
BRL 72 L 25 TT,

BB, PAALEYRTA LY F VR, AL EVA by F a2 ARICEEEN L TEALT 22 LD oT0ET, BICY v AL BV A bV F 2y OREDHREINT
WLRHETICH L, BICEBIN TR Y v A EVA b2V F 27 D F AR IHROMEZ TR T2 L L bic, IWIENw L x ROLHEOBENICEE L, MWPHEEIC X 288D
BEZEMET 2L L LTOET,

NS O R EMT U, ABERD, BHICFALT 2BZ2NERVEEITVET,
| 2. mm

8H6H (KWEH) JtMBEF XYL AL EYOYRA by Fay LEZSNZHBDPHR S N L oW
FH,  BEMREEAEY 2 85 Rl

SATH (&MEH)  BEM/KEEAYE 2 BUnC IRl L, AWM & O HcBIfRE & T o FEiiic > v s
SHIIH (KWtH) RIBREE I & % BUFHA

SHI9H (KWEH) HEWIBHIEERTIC & 2 AEDRER, P+ H4ESRYRA by F 27 THDB I LEHER

| 3. S

CrHAEYUYA MV F 2 Y DHER S Nl 6 ORI D AR IEERI S 70, ROMEEML £ T,
(1) FEAEMPE % RET % 7 O OFA DK
(2) P H4ELUVA Y F 2 PHRINIHMRIIBIT Z, CNETEMBLTVLIRDY v A4 €A bV F 27D F AL IR OMHIE

27
Major resistance genes to G. pallida
Gene Source tROeS|stant Variety
GpalV ®,q4,| Andigena CPC2802 Pa2/3 Eden, Midas, Rocket,
(=H3) Harborough Harvest,

Vales Everest, Sierra

Gpab 62.33.3 Pa2/3 Atrela, Darwina, Elles,
Morag, Producent,
Sante,

Gpab LGUS8 Pa2/3 Innovator
HZ2 P55/7 Pal

Grpl Pa2/3

Gpaz Andigena CPC1673  Pa2

Gpa4 Andigena CPC2802

GpaV/ Sy, S. sparsipilum

GpaXl'y,, S tarijense Pa3

28



Average number of cysts

3500

300.0

250.0

200.0

150.0

100.0

500

0.0

1856

Pyramiding resistance genes

Marker class Mean no. of cysts

No QTL 285.6
GpalV 5,49 76.2
Gpab5 41.3

GpalV S,4, and Gpab5 18.5

WINHQTLTH S

Y
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Bacterial wilt
(%)

Ralstonia solanacearum (Smith) Yabuuchi et al.

30

Dalton et al. (2013) Mol Breed 31:921-930
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Bacterial wilt (Ralstonia solanacearum)

Biovar - biochemical and physiological differences

Race - differences in host range
Phylotype - genotypic differences

Biovar 1 (=race 1)

Soil-borne in tropical regions in North and South
America and Africa

Biovar 2 (=race 3)

Seed-borne, and temperate and cooler regions
at high altitudes in (sub)tropical regions

—

Biovar 3 (=race 1) | BATHEREE
. . . . . . HoTW3

Soil-borne in tropical regions in Asia
Biovar 4 (=race 1)

Soil-borne in tropical regions

33

Common scab
(Z5Hv%)
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Z5hVARE

Streptomyces scabies (Thaxter) Lambert & Loria
Predominant in western Hokkaido

Streptomyces acidiscabies Lambert & Loria
Occurs in soils with pH values below 5.2

Streptomyces turgidiscabies Miyajima et al.
*S.scabies

%S.scabies subsp. Predominant in eastern Hokkaido

achromogenes
OS.turgidiscabies

Her (1996) L&Y 48:33-39

1994%F
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Z5hvRIBnitEmE "1AF¥52 v,

=+ =|Irish Cobbler y2= 6.59x - 43.8
R2 = 0795"

—— Kita-akari . 0798

....... - Sayaka y =5.61x - 30.8

R2=0.907

= = = Hokkalkogane
50 - = =Star Queen
= = =Early Gem y=_3.ocx -.10.8
. B 40 | —[vokrasna] e
LEEREMR VY —TT s ..--;"*” y=420x - 289
“Early Gem” x “86002-100" i f,..-,-",'" R?=0.837"
M 5FER U2000FE [CHEK #® 30 =7 . y=2.85x-19.5
s < Re=0.803"
20 o R
’ 7~ - il -
1 0 i o,.,’ . -~ : - - = -
e T
o -
Kobayashi (2002) 10 104 105 106 107

Breed Sci 52:327-332

S. turgidiscabies M ¥EFERE (cfu/17 5L LIR)
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Z S hRiBnE

Z5MNREBREDIFEAE RS Y NREED. Jubel
(19084F) &ZFdFDHindenburg (1916)ICW3 2 &M
TZE5

S BADIToGWASTI. BIREEKEICQTLE RO
BEREEAETIENIHEERD, FEEHIEMEDONY—H—1b
[ZREE  Koizumi et al. (2021) Am J Potato Res 98:149-156

37

27/ LEBEHEKICE T 525 DRIEHYT

Highly Moderately
aniE No scab resistant resistant Susceptible
Avon 2 (2.6%) 27 (34.6%) 10 (12.8%) 39 (60%)

Hindenburg 17 (29.3) 26 (44.8%) 8 (13.8%) 7 (12.1%)

No scab
No visual lesions
Highly resistant
Lesions small and superficial, similar to those found on the cultivar, Hindenburg
Moderately resistant
Lesions larger and rougher with a tendency to spread but still superficial with no
external signs of pitting. The cultivar, Avon is representative of this class
Susceptible
Lesions large, rough, spreading and showing definite shallow to deep pitting. This
type of reaction is found on the cultivars, Green Mountain, Irish Cobbler and
Katahdin.

Hindenburgh\Z S hRIETTIEDBH LG TH D I 2R L TWD
Cipar & Lawrence (1972) Am Potato J 49:117-119
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Toyoshiro

Atlantic

Snowden

n=165
mean=3.43
SD=1.28

Snow March

NorKing Russet
Yukirasha

Koizumi et al. (2021) Am J Potato Res 98:149-156

39

-logo(p)

|

7 _|Potvar0120067

R

BBBB ABBB AABB AAAB AAAA

T 0= 8 A
4 5 6 7 8

Chromosome

T
9

10 1112

Koizumi et al. (2021) Am J Potato Res 98:149-156
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PVY© (common strain)

Worldwide
Potato virus Y PVYN (tobacco veinal necrosis strain)
(PVY) Symptomless infection on potato,

occurs in Europe, North and South
America, parts of Africa and Japan

PVYNTN (recent strain)

Causes interveinal
mosaic and crinkles
on potato leaves and
ringed necrotic areas
on tubers

PVYC (stipple streak strain)

Less important, due to no
transmission by insect vectors

Extreme resistance genes to Potato virus Y

Introduced from S. stoloniferum in Germany,
and known to be associated with cytoplasmic male
sterility. Mapped on chromosome 12.

Introduced from S. stoloniferum in Germany and
Poland. Mapped on chromosome 12.

Introduced from S. tuberosum ssp. andigena in CIP.
Mapped on chromosome 11.

Introduced from S. chacoense into “Konafubuki” in
Japan. Mapped to the distal end of chromosome 9
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Prof. Wohltmann
Hokkai 19 —| Developed variety

Pepo
B76-23
Shimakei 267 —

B605-10 Irish Cobbler

Hokkaishiro
Shimakei 232 - Pepo
Shimakei 169
Hochprozentige
. R
WB60015 7{ Irish Cobbler Yene
W584454-1 —
Doubled S. chacoense
Shimakei 267
WB66201-10 52078-13 ——— _
Hokkai 43 Shimakei 232
2070-ab(32) «--- S. demissum
WB63054-1 Doubled F1
(S. phuregja x S. chacoense)
W3584416-3 —— _
WB60094-2 _| Hochprozentige
Hochprozentige
43
o R
N146 N195
0.109% 0.207%
i
2% = 0 e
it Ho 8 O o T
BE QL T ©T Ry186
oy = S 1 O
0.203%

Takeuchi et al. (2008)
Breed Res 10 (Suppl 1):148

R1 (R1) —— BREIHETIIEEET
PVX (Rx1) «— X+ L ZIEHIEEET
GBSS (GBSS)« PCRO> kO—JL

R2-800 (R2) +— BREMEMIEESTT
RY186 (RYon)—Y ™1 JL RIEH M EET

N146 (H1) —_ s A wE
N168 (Hf) YA YT 2 VERIEEET

VYILFTL v APCRZHR U SEDFEEERMRE
BIEFVY—N—OD#RHE

Mori et al. (2011) Euphytica 180:347-355
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