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Project aims

Determine levels of A2 mating type of P. infestans in 2006, 2007 and 2008
potato crops in GB.

Examine specific early outbreaks to determine the likely source of
inoculum with particular emphasis on the roles of oospores and seed-
borne blight over the 2006, 2007 and 2008 seasons.

Determine genetic diversity of GB P. infestans populations in 2006, 2007
and 2008 seasons and compare to that in previous years and other states.

Analysis of oospore production and survival under GB conditions.

Assess the implications of and risks arising from the observed P.
infestans population structure and oospore prevalence and survival

(incorporating information from other studies).
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Project Outline (2006-8)

&

® Confirmation = 5
® Mapping outbreaks ‘ - :,g“ -
® Provide SCRIwith samples L] 7

M.r'.

BPC FAB scout network

® Monitering GB
crops for blight
outbreaks

™

SRT
#® Examining cospaore
production and SCRI
anmal under @ [solation onto agar
i ® Mating type testing

® SSR fingerprinting

Interpretation (all partners)
® A1:A2 frequency and distribution
® Genetic diversity

® Data on each outbreak to understand primary
Inoculum source (see box)

® Identify trends and assess risk of A2 mating
type to GB industry

a‘ﬁ

' § g nIc:"‘q*I-




Sample distribution

" 165 outbreaks
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2006: A2 increased
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22% of outbreaks of mixed mating typgsc N
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Questions raised

More detail on the A2
— When and where has change occurred?
— One type of A2 or a range?

— Why the increase (mutation — fungicide R — taggressive)?

Is it only the A2 type that’s changed?

Origins ?
— Seed?
— Airborne?
— Populations in other EU countries?

Implications ?
— Risk of oospore formation?
— Evidence of oospores & early outbreaks?
— Host resistance breakdown?
— Fungicide efficacy?
— Increase in diversity?
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Phenotypic Markers

%
 Mating type Insufficient features to
discriminate isolates to
* Fungicide resistance detail needed
Time consuming
* Virulence Expensive
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Tools for estimating genetic diversity

Isozymes

Lane number

1 2 3 4 5 6 7 8

8po2 ajajly

11 15 25 33 35 44 45 55

Genolype code

RG57 RFLP fing

o o

F-18

o
F

1414 —

845 —
724 —
637 —
569 —

482 —
430

368 —

232 —

193 —

137 —
126 —

o)
o R

erprint

=l ] Lag) =

F-2

P1L{1118 bp) - Cfal

38Kb
95% coding
Slow evolving
4 haplotypes world-wide




Simple Sequence Repeats

10 20 30 40 50
CACATACAG AG AGAG AG AGAGAG AGAGACATACACACACACCCTCGCTTGG

TCGACCCACGCGTNNGCCCACGCGTCCGGAAGCAGCAGCCTCCGTGCAAGACGATCA
Fwd Primer
TGCTAGGTCTGAGACTTGCAGAACTACCGCCCGAGACAATTCGACCGAGCGGTGTAG
SSR 10 X “TG” repeat
CTGAGTACTACTCACGGAGCTTTGAGAGAGAGAGAGAGAGAGAGCGTGTGGAGCTTC
4 Rev Primer
GTGGTCTTCGCGCACCTTGCGCTCGTACAAGATGGTGGAATGTTCTTGTGACCATCC
AACCCTGTCCAGCGCTCTCTACAAGGCGATATTGACACTATTGATGTTGCTGTTAAG
GCCACTACTGCTAAGCAACGTGAAGGAACCGAGGAAAGTGGTCAAAGCTCTACGAAG

n.b diploid / (e.q.162 bp product)

n repeats
e ——

n+1 reeeats
n+2 repeats
—*

n+3 repeats
S

n+4 repeats
e —

PCR

11 markers/loci currently
available at SCRI

WJJ\ (many potential combinations!)
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Genotypic marker — Simple Sequence Repeats

pillary sequencer

= G E | F [ & T T R[] L WM W[ Fla]r] s T[0

1
2 |isolate =11 Piz3 i16 | Fiod | Pid4E | PIS6 | PIG3 | PIGE | PITO
2 |ozoiz e w2 | 205 20s 1o e Te 225 [2s0 | 132 12
4 |oz012a 58 2 | 205 20s 1o e Te 225 | 2s0 | 132 12
5 |oz013.2 58 2 | 205 20s 1o e Te 225 | 2s0 | 132 12
& |oz013.2 58 2 | 205 20s 1o e Te 225 | 2s0 | 132 12
7 |oz0144 58 2 | 205 20s 1o e Te 225 | 2s0 | 132 12
g |oz014.2 58 2 | 205 20s 1o e Te 225 | 2s0 | 132 12
020152 e sz | 2o zos i e 1ie 225 [ 2s0| 132 192
| 0 [o30z12 66 166 | 208 2o0a 170 e Te 225 228 | 192 192
| 1 |oanzzz 166 166 | 205 =03 170 e Te 228 228 | 132 132
| 12 |o30223 166 166 | 205 =03 170 e Te 228 228 | 132 132
| 13 |o3n0za 166 166 | 205 =03 170 e Te 228 228 | 132 132
| 1+ |o302.41 166 166 | 205 =03 170 e Te 228 228 | 132 132
| 15 |o30243 166 166 | 205 =03 170 e Te 228 228 | 132 132
| 15 |o30251 166 166 | 205 =03 170 e Te 228 228 | 132 132
| 17 |o3nzsz 166 166 | 205 =03 170 e Te 228 228 | 132 132
030253 166 166 | 203 eo0s 170 16 1 225 220 | 192 192
N CEXERT 54 | s | zos =03 T e e 225 | 250 | 132 135
| 20 |os0312 154 s | zos zan o e e 225 | 280 | 132 135
| 21 |os0313 154 s | zos zan o e e 225 | 280 | 132 135
[ 22 [030322 154 s | zos zan o e e 225 | 280 | 132 135
| 23 [03.0323 154 s | zos zan o e e 225 | 280 | 132 135
4 |0303.3.1 154 s | zos zan s CLTR 225 | 280 | 132 135
25 | 030332 [EPIRRETY pesp— 1o e e 225 | 280 | 132 135
0303353 ase  ase | zos  z0s it e s 220 | 200 | 132 135
|27 [oz.0%11 iee  1ee | 20s | =208 o e Te 225 e2s | 12 192
[“ze |oz.0412 e e | 203 | 208 1o e Te 225 228 | 132 192
[“za |oz.04.2.1 e e | 20z 203 1o e Te 225 228 | 132 192
"0 |oz04z2 e e | 20s 203 1o e Te 225 228 | 132 192
31 |oz.04.30 e e | 20s 203 1o e Te 225 228 | 132 192
32 |oz.04.33 e e | 20s 203 1o e Te 225 228 | 132 192
32 | 030440 e e | 20s 203 1o e Te 225 228 | 132 192
=4 |oz.045.2 e e | 20s 203 1o e Te 225 228 | 132 192
03.045.3 ase e | 20z 2o i e 1ie 225 225|132 1m2
[ERTRE 66 | 2os | 206 170 e Te 225 eze | 192 192
37 | 034721 206 | 208 o L 225 226 | 132 182
38 |03.a7.2.2 I o el e 225 226 | 132 135
33 |ozaren 188 | 205 zoe To e e sza sz2a | 182 1as

Marker G11

04_1117908 55K Pand? |_\_ |_\_
[E1L
30 140 150 160 170 180 130 200 210
Isolate 1
:
[E11
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[ Isolate 2
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4l 109 200

[G11
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a0
" Isolate 3

1]
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1E0
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(=]

Isolate 4

a1 156]al 162




RG57 and SSR results do match

SSR RG57
type type FI02RI02(D13 D1a|Piaa Piag|Piod PiD4FidBRidB P E PIEGT1 G111 G111

13_A2 blue A2 (LN 203 203 | 166 205 213|176

3_Ad green | A2 203 203 | 166 213 A3

176 176

10_AZ A2 203 203|166 176 176

22 A2 KR40 A2 203 203|166 192 193

$Scr
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Spatial distribution of A2 types: 2006

%@Q

Most of
Increase
relates to
blue type




Origins of new A2 type?

* Long present in GB and increased In
frequency?

* A mutation of an existing clone?

* Recent entry via seed, airborne spores or
other means?

00
0




‘Spatial distribution of A2 ty

e

Relatively
ate infection

oes:2005'/

/
Date of J mit
Postcode County receipt DNA

PE31 Norfolk 19/07,/2005 Ia
TD11 ScottishBorders 22/08/2005 Ia
TAIL3 Somerset 19/07/2005 Ia
TAILZ Somerset 27072005 Ia
P12 Suffolk 18/08,/2005 Ia
P12 Suffolk 23/08/2005 Ia
P12 Suffolk 31/08/2005 Ia
TER.12 Cormwall 23/05/2005 Ia
TE12 Cormwall 21/06/2005 Ia
TR2 Commwall 04/07/2005 Ia
TR27 Comwall 07/07/2005 Ia
PL11 Cornwall 26/08/2005 Ia

TQ7 Devon 20/07/2005 Ia
SY23 Ceredigion 12/07,/2005 Ia
SAT3 Pembrokeshire 08/06/2005 Ia
SA48 Ceredigion 21/07/2005

PL30 Cornwall 21/07/2005

574 Shropshire 04/07/2005

5Y4 Shropshire 04/07/2005
NE11 Norfolk 04/07/2005

CAG Cumbria 145072005

SAT3 Pembrokeshire 22/06/2005 Ia
AB45 Banffshire 21/09/2005 | HwF

Seed? Cultivars

M. Piper, M. Peer,

Carlingford(x2), Unknown,

Estima(x2), Morene




~Spatial distribution of A2 types

: 2004

%ﬁ’n

HR9
TF10
TR14
TR4
EX39
LL61
LL57

TR14
TR11
EX7
TR9

Misc
HU12
V11
V8
LL53
NR11

Piper 8 Aug
Piper 28 Aug
Marfona 30 Jul

Caesar 9 Aug

Wilja 27 Aug
|. of Skye 12 Aug
Unkn 16 Aug

Marfona 30 Jul
L. Rosetta 19 Aug
Cara 3 Sept
Unkn 13 Sept

Dell 31 Aug
K.Pink 20 Jul
K. Pink 26 July
A Blue 30 July
Piper 5 Aug

NO BLUE



~Spatial distribution of A2 types: 2003

LL unknown .
genotype

élfn

R Asterix

DWN
ype

A2 type that was present
in 1990s (RF40) has
decreased dramatically



Overview of Al and A2 genotypes (03-06)

¥
¥

GB genotypes

O misc
@ 3 _A2green
B 22 A2 (RF40)
H15 A2
O 10_A2 yellow
B 13 A2 blue
I 16 A2
017 A2
W8_AL(RF6)
O1A1
E6 Al
O 2 A1L(RF39)
Oo7AL
@18 Al
@5 AL(RF2)
@19 Al
020 Al
012 Al

2003 2004 2005 2006 E4 AL
Isolate no. 74 138 73 899 m21 Al

2 oGl

||PJEErrnmrg




Origins of A2 type?

e Data suggest GB arrival in 2005

* A2 has been increasing across Netherlands

and Northern France in recent years

* More detail will come when Eucablight project
database is populated with more SSR data




Scottish crops did not contribute new A2s

T

-

100%

90% =
80%
70%-
60%-
50%-
40% -
30%-
20%-
10%-

0%-
SC_2003 SC_2004 2003
Scottish data

2004

2005

2006

O misc

B 3_A2 green
B 22 A2 (RF40)
W15 A2

0 10 A2 yellow
B 13 A2 blue
16 A2

017 A2

B 8 A1(RF6)
01 AL

BE6 Al

02 AL(RF39)
o7 Al

18 Al

05 AL(RF2)
H19 Al

A=

—
)
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Regional breakdown of 2006 data

¢

O misc

@ 3_A2green
0 22_A2 (RF40)
@ 15_A2

0O 10_A2 yellow
B 13_A2 blue
@ 16_A2
017_A2

m 8_A1(RFb)

ol Al

m6_ Al

o 2_A1(RF39)
o7_Al

m18 Al

M
Isolate no. 216 151 118 464 36
13 June 30 May 6 June 20 June

100% -

80% -

60% -

40%

20% -

0%-

-_— AN AA
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N

S&B blue — all very late (sept 16t onwards) W iiving technology



‘MOttingham = —

‘Derby Grantham o
fard @
' Loughborough . Hing's Lyrin
| it ® . @ _—
‘Leicester @ Ploric
BT .'Peterbur&;gl'. — . “h

' EIirminghamlHianlEY Corbig . . ] ‘

(Coventty . .
I .
Redditch -Royaheamingtlun Spa . . ®

- Cambridye 'QW 3 Edmuncism

‘Bedfard
' Banbury
ftenham ‘Dungtable . Stevenage
Cocford “Wigtford

O misc High Wyivcombe
m13_A2
m3_Az
O10_A2
O16_AZ
‘ma 2 Al
m17_a2 4
g M15_A2
Wg; a
ma_A
m7_Al
m1_Af
m5_Al
mE_AT
o4 Al
O12_A1
m14_AT
m21_ad
O9_Af
O18_Af
m19_A1
@ 20_A1

< R ONDOHN

~

i B . Guildford: Reigate

Crawvley

Dutbreak

[0} size Yariety Reported Sowrce Area FiN ] Az
3340 Pakch [1m2)] Mariz Piper OT-Jun-06 Crop/Other IP3
Fa6d4 Pakch [Im2] | King Edward OT-Jun-06 Crop/Other IP3
Eeattered .
W2 | £ Of-Jun-06 | CropfOther | [P0 ([ ]
Scattered .
4112 Est 19-Jun-06 | CropOth IP3
through ficld fma " rapltEher .
4152 Pakch [1m2] Romano 23-Jun-06 Crop/Other IP3 .
4176 PS::h’:l Estima S7-Jur-06 | Crop/Other | IP3 ®
4164 Zingle Plant Charlatte 27-Jun-06 Crop!Other IP0
$168 | SinglePlant | Charlotte | ST-Jun0E | CrepdOther | IPI0 Q
Scattered Other
4208 fidd | Wi | 2300e08 | CropiOther | IP3 (]
[0} D.:Ii’::“ Yariety Reported Sowrce Area A1 Az
3812 | Patch(im2) | Unkoown | 10-Muy08 | OwgradePile o171 | ()
Feveral .
FETE P Unknown 1-May-06 | Ouvgrade Pile | CTT .
Feveral .
3832 B Mariz Peer | OB-Jun-08 | Crop/Other | CTI2 .
Eeweral .
5528 port | KingEdward | 06-un06 | Cropither | CTT ]
Ecattered .
FI6E King Edward | O7-Jun-06 | Crop/Oth CT?
through field | Ao u R o
Eeattered
3372 Marf OT-dun-06 | CroplOth CT?
through ficld arrena " s .
Seatkered Qther
3352 0&-Jun-06 | CrepdOth CTiD
through field Maincrop " . o O
4004 Zingle Plant | King Edward 0&-Jun-06 Crop/Other CTE .'
Eeweral .
3958 i Dusires 08-Jun-06 | CropiOther CT? . .
3596 | Single Plnt | KingEdward | 08-JunDE | CropiOther | CT3 O
Eeattered Qther
4203 O4-Jul-06 | CropOth cTs
thraugh fizld Maincrop ) s “ . O .
4265 Patch [1m2] Dieziree 0T-Juyl-06 Qutgrade Pile CT3 O
Secattered .
4212 Dies OT-Jul-06 | Crop/Oth CT3
through field mares ! i .
Eeattered .
4276 - King Edward | OT-Jul-06 | CropiOther CT? .
4360 | Very Severe | KingEdward | 21Jul06 | CropiOther | CT3 [ ]
a3es | Coatered Estima Z4-dul-06 | CropfOther | CT3 ]

through fizld

SS3
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The search for oospores:
‘Superscout’ — objectives and methods

Targeted outbreak sampling: early stage of development.
16 Superscouts nominated and ‘trained’
Intensive sampling and recording (up to 32 lesions)

Determine inoculum source from outbreak data

Lesion type — stem or leaf and stage of development, mosaic-like symptoms
Lesion position in canopy- especially lesions at soil level (ASL)
Nature of outbreak — number of foci, wind direction, plant height

Analysis of resultant isolates

Mating type
DNA fingerprinting

o

v SCM
il iving technology



Lesion guide

1L1

- | infected.

A leaflet on the lowest leaf
(that is wery close to the soil) is

COUNCIL

L2

As for type L1, but
the lesion has spread
into the petiole.

@ British Potato Couneil 2006

T 7| A fortypes L1 & L2, but the

L3

lesiot has reached the stem.

HE: The leaf may hawve
abscised. Check for an
ahsciggion scat at the node.

L4

The lesion iz alzo on
the petiole and stem.
The stem hase iz
diseased and the lesion
covers the leaf axil.

Disclaimer : This guide most not be used for arwy purpose other than the BPC Super Seont stady m 2006

SCr

——
¥
’ living technology



‘Superscout’ — Interpretation (1)

©

. . . Single fingerprint
Airborne infection Single mating type
Al
Al
Al

Point source of
inoculum outside
the crop

Al
Al
Al

Al
Al
Al

* Earliest signs: lesions on upper canopy scattered across crop

* Asingle mating type and genetic fingerprint in each patch suggests
one or more sources of inoculum such as a nearby crop

—
v SCMNl
' iving technology



‘Superscout’ — Interpretation (2)

o
-
. . S!ngle ﬁngf.-rprint
Seed-borne infection Single mating type
A N
A N
A N
A I
Specific localised
individual plants Al
producing inoculum A1 [
within the crop
A I
A N
LT T

Al

* Earliest signs: Isolated single infected Ela nts; disease developing
on the lower canopy first, perhaps with stem lesions.

* A single mating type and genetic fingerprint on each plant suggests
a single source of inoculum such as disease in the seed crop

ay

e 2. LA\ G ¥
Ruairidh Bain & iing technology
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‘Superscout’ — interpretation (3)

>
. . Many fingerprints
Oospore infection Both mating type
Al
A2
A2

Localised patches

of infected plants
Hansen & Bodker o | yielding inoculum

within the crop

Al
Al
A2

Al
Al
A2

® Earliest signs: Localised severe disease; maybe early in Season;
developing on the lower canopy first

* A mixture of mating types and many different genetic fingerprints is
strong evidence of oospore-borne infection

=

)

v SCM
il iving technology
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‘Superscout’ — findings

« 8 outbreaks sampled

5Juneto 18 July
6-32 isolates per outbreak

Cambs, Kent, Shropshire, Aberdeenshire, Suffolk, Norfolk

. . . . .
« Value of fingerprint data in determining outbreak source
17 Deriree 1 1 A, L1 ASL [ee_ss3m

cT7 &l Deriree 1 1 E L1 ASL [me_ss3 o0z 160 o o |[z0z 20z o [6E 4T 0 0 176 [

17 &l Deriree 1 2 A, L1 ASL [ee_ssz 0z 150 o o |z0z ez o |66 4T 0 0 176 [

cT7 &l Deriree 1 2 E L1 E 0E_S53_0d 160 o o |[z0z 20z o [6E 4T 0 0 176 [

17 &l Deriree 1 3 E L1 =] 0E_S5E_05 150 o o |z0z ez o |66 4T 0 0 176 [

e _ | Pees 1 3 A LU ASL lecssies e THE o Lo fEes g o | g o L Jue -

17 &l Deriree 2 1 E L1 ASL [ee_ss3_ov 150 o o |[zoz zez o |66 4T 0 0 176 [

cT7 Al Derire 2 1 A, L1 ASL  |ee_ss3 0% 160 0 o | z0z m0x 0 |66 ATR 0 ] 175 ]

17 Deriree 2 2 E L1 =] 0E_SSE_09

ST, ek L 22 A UL ASL s JY R Y O - Y L
c17 &l Deriree 3 1 E L1 ASL [ee_ss3n 160 o o [zoz zez o [E AT o 0 ] o | 19z ez [479 195 qaa
cT7 &l Doriree 3 1 A, L1 =] 0E_SS53_12 160 o o | o | 0 o [ 4F0 o 0 176 o | 19z 44z [174 135 qaa
c17 &l Deriree 3 2 A, L1 E 0E_SSE_13 160 o o [zoz zez o [1EE AT o 0 176 o | 19z ez [479 195 qaa
ot L) Oaino | 3 1 2| B [ U [ B lessu WG o o |z =z o (GEEUR o U8 2 Lus 2 e ez N tos g
cT7 Deriree 4 1 E L1 ASL [me_ss315 160 o o [z0z 20z o [66 4T o | 205 2 0 174 o] 1az sz (478 v @
17 Deriree 4 1 A, 54 Gl 0E_SS3_16 160 o o [z0z 20z o [466 4F0 o | 205 23 0 174 o | ez ez [ 478 4va @
cT7 Deriree 4 2 E L1 ASL [ee_ss3 1y 160 o o [z0z 20z o [66 4T o | 205 2 0 174 o | 1az sz (478 A @
17 Dicrirce 4 2 B, L1 BE5L [ne_ss3 1 150 ] o |z0z @0z o |66 4f0 o | 205 @3 0 174 o | a2 ez [ 478 4va @

. . . .
« Given oospore threat - continuing into 2007
——

Cri
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Oospore biology (SRT, Bangor)

Blight epidemics with dominant A1 and A2 genotypes to
be established in polytunnels

Leaves examined for presence of oospores
Diseased foliage allowed to rot into soll
Soll sampled to monitor oospore germination i

Soil stored to monitor oospore longevity

Outbreaks in subsequent crops sampled

Samples fingerprinted at SCRI to monitor whether
Inoculum sexual or asexual ~
v SCMNl




Conclusions and future work

The GB P. infestans population is in flux (both A1 and A2)

Predominantly clonal populations to date perhaps due to
rotations?

Risk of oospore formation continues to increase along with
threat of early epidemics and more rapid pathogen adaptation

Increase in aggressiveness?
This is implied but impact on prediction (DSS) & control not known

Impact on resistance ratings?
IVT & breeders need to be using contemporary isolates

Impact on efficacy of current fungicide programmes?
fungicide testing needs to be against contemporary isolates

v SCM
-
" iving technology
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