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Abstract

This project aimed at the improvement of late Hligdsistance in potato by means of
transgenesis and cisgenesis. In transgen@gismcglwas successfully cloned into
vector pBINPLUS. After singleR gene transformation or by transformation of
multiple different R genes, positive transformants were detected by RGR
functional assays in cisgenesis. Different tramsftron approaches were followed in
this project in order to find out an efficient methfor generating marker free plants.
The results indicated that co-transformation ofes@bn marker containing and
marker free constructs is much more efficient imegatingR gene positive plants
than transformation of marker free constructs albfmvever, several cisgenic plants
were also selected from marker free transformafidoreover,in vitro disease assay

could be efficiently used as a pre-selection faifpee R-gene containing regenerants.
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Thesis Outline

To improve the late blight resistance in potatoctsgenesis, three experiments were

carried out.

1. To build up a Desiree transformants differential, $&i-mcql gene was
cloned from vector pCLD04541 with the amplificatipnimers which were
designed by removing some nucleotides to reducéetiggh of gene from the
patent (Jones et al., 2010). It was transferremtime vector pBINPLUS.

2. In order to get sufficient numbers of cisgenic npda marker free
transformation with twdR genes,Rpi-stoland Rpi-blb3 was carried out in
previous experiments. Also, co-transformation ofo twlifferent binary
plasmids, one with a selection marker and the othir the gene of interest,
leads to integration at different genomic loci. rkka containing and marker
free T-DNA will segregate in T1 progeny after whiotarker-free cisgenic
plants can be selected (Chakravarty et al., 20CO-transformation of
pBINPLUS: Rpi-stol: Rpi-blb3+Rpi-vntl.And pBINPLUSNptll was started
in August 2010. Regenerants from both experimemi®8screened by PCR to
select theR gene containing plants. In addition, insertionve€tor backbone
genes was analysed in order to fit the concepisgeaesis.

3. Functional detection dRpi-stolandRpi-vntl.1genes in plants produced from
different transformations was carried out in expemt 3. Agro-infiltration
carried out with theAvr effectors was co-related with the PCR detection of
relevantR genes. By using differerRythophthoraisolates in detached leaf
assays (DLA)the results were co-related with ATTA and PCR rssidr the
relevantR genes. Finally, the efficiencies of both functibr&ssays were

compared.
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General introduction

Potato Solanum tuberosumis a perennial tuberous crop, which belongs t© th
Solanumfamily. Most varieties are tetraploid (2n=4x=48)heveas, there are also
diploid, triploid, pentaploid and hexaploid tubedningSolanumspecies. As the third
food crop in the world, potato increasingly gaimsportance in the daily life of

consumers.

Late blight is the most destructive disease fomfmotultivation worldwide, causing
billion-dollar losses every year (Kamoun, 2001)eTdasual pathogen hytophthora

infestansan oomycete which also infects tomato (Judel$687).

The control of late blight nowadays mostly focusfongicide use, the use of healthy
seed tubers and host resistance. However, thedneégse of fungicides increased the
awareness of health and environmental risks. Tk bost of fungicide application

and world-wide pressure in minimizing use of cheahisprays also make host

resistance a priority (Fry and Goodwin, 1997).

Most of the resistance obtained from wild specieeitg to ‘vertical resistance’ type.
In this type, the resistance germedene) or virulence gene in plants will interacthwi
the avirulence gene in the pathogen, which is knasrgene for gene model (Flor,
1971). This singlé&r-gene based resistance has proved not to be diyMaleolmson
and Black, 1966). ‘Horizontal resistance’ referdtopolygenic or a quantitative trait
loci (QTL) confers resistance to multiple racesaoparticular pathogen, which is
provided by partial resistance genes in contrashéovertical resistance by majBr
genes. Horizontal resistance, also called fieltstasce, is polygenically inherited, it
is non-race specific and it is believed to provideore durability (Gebhardt, 1994;
Tan et al., 2008).

If the valuableR gene sources were to be used one by one in neetigsay it will be
very difficult to maintain resistance to the patengStacking of selectdd genes in
varieties is believed to provide enhanced durgbitf resistance. In traditional
breeding, it is very difficult to combin® genes in one variety. Linkage drag of
undesirable genes is another problem in traditioneding, which needs a long time
for selection. Stacking d® genes would prolong selection time. Genetic modifon



could avoid linkage drag and directly realize a-etep gene transfer. This would
save a lot of time and speed up the breeding fadgrultivars. However, strict

regulations on genetically modified organisms (GM®@nstrain the application of

this method. Recently, cisgenesis, which is thasfimation of genes originating
from the crop species itself or from crossable E®eés becoming more acceptable.
(Schouten et al., 2006; Jacobsen and Schouten).20B8enesis does not introduce
linked alien or bacterial genes. It could be a safé quick approach for breeding of
durable resistance ®hytophthora infestans (P.infestams)potato.

1. Sub cloning ofRpi-mcqglinto pBINPLUS for building a

transgenic differential set in cv Desiree.

1.1 Introduction

So far, manyRpi genes have been clondgil (Ballvora et al., 2002andR3a(Huang

et al., 2005b) frons. demissurRB/Rpiblbl (Song et al., 2003; Van Der Vossen et
al., 2003) Rpi-blb2(Vossen et al., 2005Rpi-btl (Oosumi et al., 200ndRpi-blb3
(Lokossou et al., 2009) frons.bulbocastanumRpi-stol and Rpi-ptal from S.
stoloniferum(Vleeshouwers et al., 2008) ampi-vntl.1l Rp-vntil.2and Rpi-vntl.3
from S.venturii(Foster et al., 2009; Pel et al., 2008pi-mcqglfrom S. mochiquense
(Smilde et al., 2005). Additionally, Lokossou et(2D09) have described one of the
major late blight resistance gene clusters in wiRglirabpt R2 and R2-like were
identified. Rpi-phulon chromosome 9 (Sliwka et al., 20063, on chromosome 10
(Ewing et al., 2000) an&3h R6, R7, R1Q R11on chromosome 11 (El-Kharbotly et
al., 1994; El-Kharbotly et al., 1996) have alsorbekentified.

Rpi-mcglwas identified and genetically mapped on chrom@s@nSmilde et al.,
2005) and cloned to vector pCLD04541 in 2010 (Jaried., 2010). Effector studies
have shown thaRpi-mcglrecognizedAvr2 (Internal communication), which is also
recognized byrpi-blb3 (Lokossou et al., 2009).

To meet the requirement of building a transgenifedintial set in C.V. Desire®&pi-
mcqglwas supposed to be sub cloned to vector of pBINEMhich is commonly
used in the Laboratory of Plant Breeding, Wagenngmiversity and Research
Centre. A smaller T-DNA part can be more easilyeited in the plant genome by

A.tum. To make the target genes smaller in size, the gen@mquence was



downloaded from NCBI. Gene positions were prediatsthg Fgenesh. By using
DNA star, primers were designed to amplify the ctatgRpi-mcqlgene.

1.2 Materials and methods

GeneRpi-mcqlin vector pCLD04541 irie. coliwas kept in glycerol stocks at <80
and maintained by Marjon Arens. The vector pBINPL&S given from Paek Yong-
Gi.).

1.2.1 PCR amplification of Rpi-mcql

Long range PCR witPhusionDNA polymerase: 50 pl reaction mixture was pregare
containing 10 ng of DNA template, 2.5 ul of theward primer (10 uM), 2.5 ul of
the reverse primer (10uM), 1ul of dNTPs (10 mM)ull6f 5*PhusionHF buffer,
0.01 units ofPhusionDNA polymerase (0.02 U/ul). A three -step protoaais used
in the PCR program: 98 for 30s for initial denaturation; 98 for 10s, 58C for 30s,
72°C for for 4 mins, during 30 cycles; T2 for 10mins. The primers for amplifying
Rpi-mcglwere designed based on the sequence publishedgpacdic enzyme sites
of sbflandAsclwere added by including some nucleotides in ftomhake restriction
sites. Sbfl and Ascl were selected based on restriction maps of pBINRBASSA
and the published sequenceRyi-mcql No sites were present within tRpi-mcql
gene, and the sites were adjacent to each oth#reimultiple cloning site of the

vector. The sequence for this pair of primers was listedppendix 1.

4 pl of PCR reaction together with 6 pl of Milli Water and 2 pl of 10* loading red
were mixed and loaded on 0.8% agarose gel to chleakt the PCR results.

1.2.2 PCR product purification

PCR product was extracted by phenol-chloroform aetton in order to remove
Phusion Successively, an ethanol precipitation was peréal in order to concentrate
the DNA. The pellet was air dried and dissolvedLthul of MQ water. The DNA

quality and quantity were checked on the gel.
1.2.3 Enzyme digestion and ligation

A 1 ug aliquot of DNA forRpi-mcqglfrom chloroform extraction and ethanol
purification was used in this step in a 50 pl resctolume. 5 pl ofSbfl (10U/ul,

Fermentas, Netherlands) was added in the reactidtana for overnight incubation at



37°C. It was inactivated by incubation at®80or 20min. DNA of vector pBINPLUS
passed the same procedure as th&ppimcglPCR product.

Sbfl digested fragments were concentrated using ethpreaipitation. and were
successively digested witlhhsd., SAP enzyme was used aftekscl in vector
pBINPLUS for avoiding the self-ligation happening the vector itself. It was
inactivated at 6% for 20mins. After that, the purified fragments rfroethanol
precipitation were run on the gel to check the sliga efficiency and quantity of
DNA amount.

A ligation mixture (20 ul) containing 100 ng of wvecDNA, approximately 135 ng of
digested DNA oRpi-mcql 10*T4 DNA LigaseBuffer and 5 units of T4 DNAgase
was incubated at ?6 for overnight. After ligation, the T4 DNAigase was

inactivated by incubation at 85for 10min.
1.2.4 Desalting and Transformation of E. coli

Inactivated ligation mixture was desalted firsilysmall petri dish was poured with
T10E1 buffer at the bottom to ¥z the volume. A 0.p2%SWP filter (Millipore) was
placed with the shiny side up on the surface rajithe buffer. Ligation mixture was
pipetted on the filter and lid was closed. For 3iisoat room temperature incubation,
the ligation mixture was desalted. It was trans@rrinto a new tube for
electroporation. Competent MegaX DH10B cells (Irogen, Netherlands) was
defrosted on ice firstly. 9 ul of the cells was gitpd into the pre-cooled tube
containing of desalted ligation mixture approxiniate pl. Gene Pulserll (Bio-Rad)
was set at 2.0 KV, 25 p F and 200 MOhm. The elpoti@tion was successful with a
time constant between 4 and 5. 500 ul clean LB wmdivas added to the
electroporation mixture and the cells were recovdneshaking at 225 rpm for 1 hour
at 37C.

1.2.5 Blue/white selection

Agar plates containing LB broth and Kanamycin weoeired out before use in flow
cabinet. 40 ul of IPTG (isoproppHD-thiogalactopyranoside) and 40 ul of Xgal (5-
bromo-4chloro-3-indolyB-D-galactopyranoside) were spread on top of theeplath

a triangular spreader. After 30 min the plates vagied enough for using.



100 ul of the transformation culture was spreadhenplate. The remaining 400 ul of
culture was spread on another plate to make a atsopavith the 100 pl spread after

overnight culture in the oven at€7with upside down.
1.2.6 Colony PCR

PCR reaction mixture with a volume of 25 ul waspared before use. It contains 0.5
pl of the specific forward primer (10 uM), 0.5 pi the specific reverse primer
(10puM), 0.5 pl of dNTPs (10 Mm), 2.5 ul of 10*Dreahaq buffer, 0.25 units of
Dream Taq DNA polymerase (5 U/ul) and 20.5 ul of sterile @ratPrimers were
designed based on the sequences in the inserttbm dhe vector backbone. Forward
primer was located at the start Rpi-mcglgene and reverse primer was located on
the vector backbone nesbfl cutting side. They will give a product with size ©f0

bp. The detailed information of the specific prisiean be found in Appendix 2.

White colonies were picked up by sterile tip arahsferred on a new agar plate with
the clear label at bottom. After placing potenpakitive colonies on the plate with
specific labels for each one, the tip was put gppred PCR reaction mixture directly

after and stranded for several seconds.

Totally, 16 colonies were picked up for each cardtrColony PCR was carried out
with the following program: 9% for 30s for initial denaturation, 96 for 5mins,
58°C for 30s, 72C for 1min, 72C for 10mins during 30 cycles.

1.2.7 Enzyme digestion for confirming the construct

Colonies that were positive in the colony PCR wgrewn and plasmids were
isolated. Two different enzymes were used for stige of the plasmid DNA isolated
from E. coli. Enzyme selection was based on the restrictioyreazsites inside the
expected construcHindlll will cut the plasmid into 3 parts producing 3 band
different positions in the gel. AlsBglll digestion was carried out. Two bands were
expected to be in the gel. A 10ul mixture with 1giiIDNA (0.5-1 pg/ul), 1 ul of
10*Buffer Red (Fermentas, Netherlands), 0.5 pHofdlll or Bglll (10 U/ul) and 7.5

pl of nuclease-free water were mixed gently andulvated at 3°C for 2 hours.

Digestion results were checked from agar gel byimgixith 2 pl of 10*loading Red.

1.2.8 DNA sequence analysis



Two colonies 3-15 and 1-13 showed the right bandcatony PCR and being
confirmed by enzyme digestion in 1.2.7. They wenttuced in liquid LB medium
supplemented with Kanamycat a concentration of 50 ng/ml for overnight at@37
In order to get enough DNA, a larger volume of axdtwas done by taking 30 ul of
the pre-culture into 15 ml new culture with the lKarycinin the same concentration.
The DNA was isolated by following Midi prep protdcof QiaGen (Hilden,
Germany). DNA concentration was measured from #idagether with th&-DNA.
Sequencing reaction was undertaken with the guidéreenomics with the covered
primers. Information about the sequence primerslistesd in Appendix 3. The insert
sequence of 3-15 turned out to contain a mutagaihg to an amino acid change

and was discarded. 1-13 was checked without muttrothe insert and used.
1.2.9 Transformation of Agrobacterium tumefaciemsl &olony PCR

The successfully built construct 1-13 was transkmino A.tum strain AGL1+pVirG

by electroporation. Frozen tubes of competent aedise placed on ice for 5-10mins
before using. The cuvettes were cleaned by ethamdlwater with drying in flow
cabinet and placed on ice before using. A mixturih 20 pl of A.tumand 2ul of
plasmid DNA (with the amount at 100-200 ng) wasprepared in the flow cabinet.
The electroporation machine Gene Pulserll (Bio-Radps set at 25 in micro FP
capacitance, 250 in capacitance extender and 2p0Ise controller. The voltage was
set at 1.4. The cuvette went through electric at flet for a time constant between 4
and 5. 500 pl of clean LB medium was added andtrdmesformation mixture was
transferred into a 1.5 ml tube. For culturing, biaeterium was kept in an incubator at
30°C with shaking. After 3 hours, the bacteria wasgdabut in the previously dried
LB-agar plate supplemented with Carbenicillin a@ X@/ml, Chloramphenicol at 75
pg/ml and Kanamycin at 50 ng/ml. The plates werngt kgpside down in the small
oven at 36C for 2 days. Colony PCR was carried out on theguclp colonies from

transformation ofA. tumwith the same method mentioned in 1.2.6.
1.2.10 Transformation of E.coli and Enzyme digestior stability test

Positive colony from step 1.2.9 was maintainedlyceyol stock and cultured at 3D
by shaking. The plasmid DNA was isolated by usingirprep kit (Qiagen) and
transformed intd. coliagain. The method was the same as 1.2.4.



Colonies were picked up from transformationeofcoli and were done with colony
PCR. Plasmid DNA was isolated from the cultured itpas colonies. Enzyme
digestion fromHind Il was carried out on the isolated DNA, which aimedsée
whether the construct was stable. The method usezl\mas mentioned in 1.2.6 and

1.2.7 as well.
1.2.11 Gene functionality test from N.benthamiaonanplementation assay

The use ofN. benthamianacomplementation assay is an efficient tool for dapi
functional screen of putativie@ genes. Infiltration ofAgrobacteriumstrains carrying
the candidateRpi-mcqland Avr2 were performed irN. benthamianaA detailed

description of thé\. tumstrain preparation was described in Appendix 4.

1.3 Results

Rpi-mcglwas amplified from vector pCLD04541 as the tenglaith primersRpi-
mcqtF1 andRpi-mcqiR1. A 5.4 kb fragment carrying thpi-mcqlpromoter, open
reading frame (ORF) and terminator was amplifiedlaewn. When compared with
the marker ladder in lanel, the fragment is highan the band of 4000 bp. From the
gel picture, the brightness of the bands also sdatve DNA amount was enough for
following experiments. There were no other bandsepk for the right size band, so
the quality of the DNA was also sufficient to predewith the following work
(Figurela). Purified PCR products which containedgment of Rpi-mcql with
modified enzyme sites afbfl and Ascl were cut with these two enzymes. A bright
band with the right size was seen between 4000nbipS800 bp. The cut out small
fragments were several nucleotides length and arevisible from gel. There were
also some weak bands appearing above and undgrothion of right size band
(Figure 1b). Also the cloning vector, pBINPLUS, waigested withsbfl, Ascland
treated withSAP(Figure 1c). The brightest band in lane 1 cleaHgwed the digested
vector fragment was at the right position of 124 ®ne extra band was found below
the right one. The quality reflected from the rigite band showed the amount was
enough for ligation in next step. PUC57 showedekgected size at around 2700 bp
(Figure 1c lane 2).
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Figure 1 PCR amplification ofRpi-mcgl,PCR product purificatiorand enzyme
digestion ofRpi-mcqglvector of pBINPLUS

Picture a, the amplification d®pi-mcqglstarted with different DNA concentrations in PCR

reaction, which were indicated from the numbersaoh lane. Picture b, PCR products were

purified and digested bgbfl & Ascl Picture c, the digested vector pBINPLUSdfl & Ascl
was checked from gel, with pUC 57 as the control.

At last, two samples which were indicated from ldnand lane 2 were used in the
ligation (Figure 1b). Colony PCR was carried oustoeen for positive recombinants
in ligation. 16 colonies in each construct werekpatup from the plate and done with
PCR. Two positive colonies, showing a product &flb since the same primers were
used as in the amplification, were identified: 3-15L3 (Figure 2a). The result from

picture b clearly confirmed that the recombinan&ensuccessfully made in 3-15 and
1-13 (Figure 2b).

ML

Figure 2 Colony PCR fronRpi-mcqlrecombinant clones i.coli.

Positive colony gave a band of approximately 5.8kipicture a. There were 2 colonies
selected (red box) and named as 3-15, 1-13 resgpBctin picture b, PCR on the recovered

bacterial culture was carried out by using primersqtF1l and pBIN-R1, which gave a
product of 710 bp.



Figure 3 Confirmation of successful constructs B coli by enzyme digestion of
Bglll andHindlll respectively.

DNA isolated from 2 recombinants of 3-15 and 1-1&revdigested byaglll in picture a.
Picture b shows the digestion results from enzytimallll on the same recombinants as in

picture a.

In order to confirm the integrity of the construBglll andHindlll digestion on the

isolated DNA from positive colonies 3-15 and 1-18revperformed (Figure 3). There
were two bands in the expected sizes fidghll digestion (Figure 3a). 3 parts were
cut out fromHindIll in pBINPLUS:Rpi-mcql.As shown in Figure 3b, two bands
were visible with the right positions at 17098 &b bp, the 9 bp fragment was not

visible due to the small amount.

Ascl seq2

Te000 Tes00 [7000 [7500 [s000 [ss00 Tso0o Tes00 T10000 [ 10500 [11000 [11500
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> S [
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e > [CEe> 000 [CCEaw >
| ——

Figure 4 Sequencing map &pi-mcql

The light blue fragment means the amplified seqeei&®pi-mcq1l It starts fromsbfl site and

ends atAscl site, which were indicated from the arrow and tineyene sites. The small



fragments with dark blue and orange colour weresthgle strand sequences from sequencing

and aligned to the template DNA.

The inserts from clones 3-15 and 1-13 were sequenterder to rule out PCR
artefacts. Nine internal primers were designedReslilts are summarized in figure 4.
The whole sequence Bpi-mcqglwas covered. Sequence results analysis showed that
one nucleotide was mutated in 3-15. And there werenutations found in 1-13.
Construct of Rpi-mcgl in pBINPLUS was successfully made in 1-13.

pBINPLUS::Rpi-mcq1

17.782 kb

Figure 5 Map of pBINPLUS:Rpi-mcqlfrom GenestatRpi-mcglwas marked with
the light blue arrow with the orientation frosbfl to Ascl

The backbone genes are also visible from this migiptive orange and red arrows indicated.

Some enzyme sites are also marked out from this map

Transformation of construct 1-13 intA.tum was carried out successfully. Two
colonies were picked up and cultured in liquid LBdum. They were named as 2(1)
and 2(2) from 1-13. Colony PCR showed colony 2(@3itive in using the specific

primers (Figure 6).
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1. Colony 2(1)

2. Colony 2(2)

3. Positive control

4. Atlantic genomic DNA (negative control)

5. Water control

Figure 6 Colony PCR after transformation Af tum.

Lane 1 and 2 are PCR results of colonies pickeflarp 1-13 transformation with primer pair
of mcql-F1 and pBIN- R1Positive control is the pigs DNA isolated from 1-13 (Lane 3).
And negative control here are Atlantic genomic Dai#d milli Q water (Lane 4 and 5).

Stability of the constructs in Agrobacterium wastéel. The picked up colonies from
transformation oE.coli all showed the target band in PCR reaction withgpecific

primers (Figure 7). Enzyme digestion fréd#mdlll was followed out. And the cut out
bands also gave bands in the right positions a8 T, 675 bp. The 9 bp fragment
was not visible in this gel. The 10 colonies showiee consistent results and had

confirmed the construct could be stably used indf@mation.

e

w

Figure 7 Colony PCR for transformation d&. coli and enzyme digestion on the
selected out positive colonies.

Lane A was the positive control of plasmid DNA fratnl3. Lane B was from negative
control of isolated DNA of vector pcld0454Rpi-mcql Lane C was the milli Q water as
negative control. Number 1 to 10 means the tennbesopicked up from transformation Bf

coli.
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1. Avr2+Rpi-blb30D600nm: 0.2
2. Avr2+Rpi-mcqlOD600nm: 2.0
3. Avr2+Rpi-mcqlOD600nm: 1.0
4. Rpi-mcqlOD600nm: 2.0

5. Rpi-BIb3OD600nm: 0.2

Figure 8 Complementation ofRpi-mcql by transient expression iiNicotiana
benthamiana

Spot 1 is the positive control from co-infiltrati@i Avr2 and Rpi-blb3.Spot 2 and 3 are the
co-infiltration of recombinant 1-13 anélvr2 at different OD values. Spot 4 and 5 are the

negative controls from infiltration of recombinamtd Rpi-blb3 respectively.

Functional assay of the recombinant was carriedbguATTA. Colony 2(1) which
was the transformation d&.tumfrom 1-13, showed hypersensitive response when
complementing withAvr2 at both OD600nm of 1.0 and 2.0. Positive conmmapot 1
worked well at an OD600nm of 0.2 with hypersensitresponse while negative
controls in 4 and 5 were showing no response ascta@.

In summary, construct pBINPLUSRpi-mcqlwas successfully made in colony 1-13.
This colony has been tested of being stable usedhmsformation. Further research

would be carried out on this sub-cloned genBpifmcql

2. Different transformation methods in getting eisg plants

2.1 Co-transformation using marker containing and narker free vectors
followed by sexual crosses

2.1.1 Introduction

Several methods were reported in making marker framsgenic plants, which
include simultaneous transformation of two markeneags(co-transformation), the
movement of a transgene segment within the genotn@nsposition), and
recombination between two specific sequences tleanat necessarily homologous

(site-specific recombination) (Darbani et al., 2D0To-transformation of two
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independent T-DNAs, one with a selection marker #red other with the gene of
interest, leads partly to integration at differdati which will segregate in the
progeny, generating marker-free offspring plantshalGavarty et al., 2007).
Transposition can also be recognised as marker tfegesformation by designed
vector with the movement of transgene (marker gebejtransformation as one way
of getting cisgenic plants was carried out in #mwperiment. The efficiency of both
two methods in generating cisgenic plants was coetpto investigate an efficient
way for improvement of late blight disease resisgaim potatoes.

2.1.2 Materials and Methods
2.1.2.1 Materials

There were 200 explants cut out from the stemsvofAtlantic and used for co-
transformation of two independent vectors, one Wl selection markemptll and
the other with the stackeB-genes ofRpi-stol Rpi-vntl.1and Rpi-blb3 The co-
transformation was performed under four differemsQwhich was marked as four

groups.

Table 1 Overview of starting ODs and explant numbers iifiecgnt groups of co-
transformation of pBINPLUSaptll and pBINPLUS:: Rpi-stokRpi-vntl.1+ Rpi-
blb3.

Group OD values from two vectorsExplant numbers Regenerants numbers

A 0.8/0.8 200 2
B 1.0/0.5 200 30
C 1.6/0.8 200 6
D 1.6/0.5 200 24

The first number / was the OD value for pBINPLU®Btil, and the second number
refers to OD of pBINPLUSRpi-sto}Rpi-vntl.}+Rpi-blb3

2.1.2.2 Methods

Explant maintenance and plantlet preparation

Explants were maintained in the flat plate (diaméi@ cm) filled with LB medium
supplied of 8 g of agar, 1ml of Zeatine (1 mg/MmIdf Cefotaxime (100 mg/l), 2ml of
Vancomycine (100 mg/l) and 2ml of Kanamycin (50 infpr per litter. By refreshing
the medium every two weeks, the explants stayedhé circumstance without
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contamination. Kanamycin allowed the regenerantisigo@re-selected by marker

nptll.

Regenerants were cut out from the explants fronbtttom by removing the callus.
It is to avoid that new regenerants are growingnftbe old position again. With the
help of a knife, the lower part of the regenenaats removed and the upper side of
the whole plantlet was transplanted to plastic gdiameter 15 cm) with MS20
supplied only with 2 ml of Cefotaxime (100 mg/l)da@ ml of Kanamycin (50 mg/l)

per litter. All of these were done in sterile fl@abinet.

The filled plastic pots with 8 plantlets were matkeith the date of harvesting and
moved to the climate room. After about 2 weeksy tlvere rooted and big enough for
DNA isolation.

Leaf collection and DNA isolation

Two or three leaves from one plantlet were collgdatea flow cabinet. The box with

96 micro tubes was placed on ice to keep cool. Ddédtation on the 96 filled tubes

was carried out by following the protocol of Miniethod from King-fisher machine.

DNA was directly used for PCR reaction in next stegince there was no large
difference for concentrations of the 96 samplesigigg King-fisher machine.

PCR screen for R-genes and backbone genes

PCR reaction was carried out on the plant genomA BiNdesigned specific primers.
The primer information can be found in AppendixiG.order to separate the target
band ofRpi-stolwith the background band from cv Atlantic, thediemt PCR was
carried out firstly. The samples in testiRgi-stolall followed the temperature being
selected. Backbone gene detection from PCR wésttee aim of being cisgenic or
not. All the PCRs were done with a reaction voluwh@5 pl, containing 3 pl of DNA
template, 2.5 ul of 10*Dreanhaqbuffer, 0.5 pl of dNTP, 0.5 ul of forward primer,
0.5 pl of reverse primer and 0.5 ul ®hgq enzyme. The running programs are

different based on the product size and Tm of prsme

Agar gel was run to check the results with a 1®firhixture containing 4 ul of PCR
products, 6 pl of Milli Q water and 2 pl of gel red

2.1.3 Results
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Gradient PCR gel in Figure 9shows the separatidhe§pecific fragment d®pi-stol

and background bands in cv Atlantic. When anneatmgperature was at 590) cv
Atlantic showed one band higher than the targetlb@rRpi-stolin yellow box in
block 2. By following this temperature of the sgecprimer pairs, PCR results on all
the samples showed thapi-stolgene was present in all the regenerated, kanamycin
resistant, plants. From the samples of transgenftiantic plants, DNA quantity can

also be judged from the higher position backgrob@ad from cv Atlantic.

PCR reaction for screenirgpi-blb3 showed that 9 plants in 62 gave a product of
300bp compared with the positive control. ScreeriorgRpi-vntl.1lwas also carried
out on all the regenerants. There were 9 regereesdidwing the target band at the
right position of around 300 bp. These 9 plantsesponded with the positive plants
selected for positivRpi-blb3(Table 2).

In transformation, the proportion faptlll insertion by PCR screening could indicate
the whole backbone insertion in the plant genomea devel of 98% (Internal
communication). While in co-transformation, it es$ informative since there are two

different T-DNAs inserted in the plant genome.

In order to get cisgenic plants, other vector badégenes were also tested beside
nptlll. From left border till right border, there werdaity 7 genes being selected.
VirG gene as a signal for evaluationAatumcontamination was also included. Table
2 summarized results fét genes, backbone genes aind by sorting regenerants in
harvesting periods.
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From block 1 to 12, there is a Tm
gradient specifically with 58°,
59.0°C, 59.£C, 60.rC, 60.8C,
61.5C, 62.3C, 63.0C, 63.7C,
64.£C, 64.8C and 63C. In each
block, there is a loading order
from left to right of 55-3:11, 117-
3:10, 12-2:7, Atlantic and Milli Q
‘ water. The first three samples are
the positive Rpi-stol containing
plants which were detected
previously. Cv Atlantic and Milli
Q were both set as the negative

control.

I.
-
el
-
--
[l
o=
e
.o
-

Figure 9 Gel electrophoresis results of gradient PCR foass#mngRpi-stolgene in
plants containing this gene from cv Atlantic backgrd genes.

Proportions of plants containing genes, backbone genes ank respectively in
different groups were also calculated in Tablet 3uined out that a low frequency of

plants was contaminated wistgrobacterium

In group A, the starting ODs for the two construetye both at 0.8. There were two
regenerants harvested totally in this group. IrugrB, the starting OD in marker free
construct with stackindR genes was 1.0. The other one for th@ll containing
construct was 0.53 with OD value. 30 regenerante varvested from explants in
this group. Group C and group D were different witenptll containing construct at
OD of 0.8 and 0.53 respectively. The starting caastof the other one witR-genes
was the same at OD of 1.6 (Table 3). The numb&anamycin resistant plants was

much higher in group D.

For R genes screening by PCR to select cisgenic plgrasp D gave a much higher
proportion in number of plants containing the ®&ipl genes. Group B was in the
second place in efficiency of getting the targetnps. There were no triple genes

containing plants in group A and C. For the backbgenes detection, group D
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showed the lower insertion proportion in most of thenes except faraJ when
compared with group B. For contamination comparif@m virG, group D also

showed lower proportion than B.

To get plants which were positive in stackiRggenes and also free in backbone
genes, the tripl® genes containing plants are shown in Table 4. Abdléhts were
nptlll free but only 4 of them were cisgenic, without &@gkbone. They were H62-
col-4-5, H62-c02-4-3, H62-c02-4-4 and H62-co2-4&m results ofirG testing in
these 4 plants, they were also showing no contammmavith A. tum. The first 6
plants from this table were carried out with tiRCR detection for estimating direct

linkage between the insert&gi-stolandnptll in the genome.

i

e
SR T

Figure 10PCR Trial on plants containing triple R-genes agglstanto Kanamycin
with different primer pairs in measuring the distaetweeiiRpi-stolandnptll.

In each block, a different primer pair was usede Tdading order in each block is the same
from left to right: H62-c02-4-3, H62-c02-4-8, H6B2:4-4, H62-c01-4-2, H62-c01-4-3, H62-
col-4-5, cv Atlantic and Milli Q water. Block 1, 3,and 4 were results from primer pairs

corresponding with the primers in Appendix 7 anglié 10.

In block 1 of figure 10, there were consistent lsmdthe six samples except for H62-
col-4-2. The size for this band was around 280W#ple in block 2, 3 and 4, bands
in different samples were not comparable. Primar pain construct pBINPLUS
PASSA:Rpi-sto+Rpi-vntl.1+Rpi-blb3 showed that the amplification from this
primer pair would give a product size of 2770bp.conclusion,Rpi-stolandnptll
were connected together in the genome of plantgltected positive in containing
R-gene(s), which are predicted to be difficult f@paration by sexual crossing in

future.
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Figure 11Four different insertion ways in determining fowing of primers.

In 1 and 2, the triple gene construct anpdll construct were supposed to be inserted in their
original order in the map Appendix 8. There is aeotway around in 3 and 4, which
described thatptll construct was inserted in the opposite orientatmmpared with 1 and 2.

The arrows on top of the genes mean the orientébioimsertion.

In conclusion, there are totally 9 regenerants shgwositive in containing the triple
R-genes while 4 of them are backbone free. As rapatl before, these four
regenerants are predicted not to be successtrl sgkual crossing in separating the
triple R-gene construct frormptll because of the obserbed linkage between both

constructs.
2.1.4 Discussion

This experiment demonstrated that group D, withigh IOD for the tripleR-genes
construct and a low OD for the construct with setecmarkemptll, was efficient in
getting the tripleR-genes containing plants compared with the propasti in the
other groups. The Agrobacterium-mediated co-t@nshtion frequency for various
species was reported to be 100% for linked genasuimique T-DNA or for linked T-
DNAs in a single binary plasmid, and ranged fron¥3® 85% for independent T-
DNAs in separate binary plasmids (Block and Debreyw991; Komari et al., 1996;
Daley et al., 1998; Vidal et al., 2003). In thisperment, the co-transformation
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efficiency was 100% foRpi-stoland 33% in group D for the simultaneous presence
of all 3 linked R-genes. Delivery of two DNAs from different concextions were
compared, and group D was significantly higherfficiency of co-transformation in
generating tripldR-genes contanining plants. PCR analysis of the i@k genes and
A.tum contamination also indicated that group D perfameell with lower
proportion for most of the genes tested. Therefwagsformants free from selection

marker and harbouring stackBdyenes had higher chance of being from Group D.

The long term goal in this experiment is to gegersc plants after sexual crossing.
The two T-DNAs had to be inserted in different paftthe genome in order to
generate the plants being available to be crogségtiure. Molecular analysis of the
segregation of marker genes are usually done in plogeny by selfing or

backcrossing with a non-transformed plant. Sucoésségregation of marker genes
was reported as drug resistance and GUS exprebsimaving as two independent
Mendelian loci in progeny (Komari et al., 1996).relewe proposed a pre-selection
method for the molecular analysis by PCR reactigh gpecific primer pairs. In this

experiment, samples being choosen from backbonesdese plants indicated that the
marker gene probable was linked with the R gendsgs) the consistant band from
block 1 (Figure 10). Therefore, these plants wawdtlbe used for the future crossing
to discard the marker gene. However, cross expetsrigave to be made to confirm
this conclusion. Transformants showing all posifweRpi-stolgene but not for all 3

R-genes appeared to be a strange phenomenon iexgpesiment. More research is

needed to confirm and explain this observation.
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Table 2 Summary of 4 groups of plants after co-transfdiomaby PCR analysis for presenceRafenes, backbone genes am.

Positive No. ifiR-gene test

Positive No. in backbone-gene test (fR@drio LB)

Groups Harvesting time No. of regenerantsRpi-stol Rpi-blb3 Rpi-vntl.1 tetR traJ oriV nptlll trfA tetA ori3+5 virG
A 1 1 1 0 0 0 1 0 1 1 1 0 0
2 - - - - - - - - - - - -
3 1 1 0 0 0 1 0 1 1 1 0 0
B 1 8 8 0 0 2 4 3 3 4 6 0 0
2 2 2 1 1 2 1 2 3 2 3 1 1
3 20 20 0 1 14 0 9 13 16 1 1 0
C 1 - - - - - - - - - - - -
2 5 5 0 0 0 0 0 2 1 1 0 0
3 1 1 0 0 0 0 0 1 0 1 0 0
D 1 8 8 3 3 3 5 3 1 5 3 0 0
2 8 8 4 4 0 1 0 1 1 0 0 0
3 8 8 1 2 5 5 4 4 6 6 1 0
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Table 3Proportion of transgenic plants containiRgenes, backbone genes am¢ respectively in different groups.

Groups No. of regenerantfRpi-stol Rpi-blb3 Rpi-vntl.1 tetR traJ oriV nptlll trfA  tetA  ori3+5 virG

A (0.8/0.8) 2 100% 0% 0% 0% 100% 0% 100% 100% 100% 0% 0%
B(1.0/0.5) 30 100% 3% 3% 60% 17% 47% 63% 73% 87% % 3%
C(1.6/0.8) 6 100% 0% 0% 0% 0% 0% 50% 17% 33% 0% 0%
D(1.6/0.5) 24  100% 33% 33% 33% 46% 29% 25% 50% 38% 4% 0%

In brackets from A, B, C and D, it is referred @ tconcentrations for the starting constructs.déxample, in group A, 0.8/0.8 means the co-transition

from marker free with R genes containing constaunct nptll containing construct started with the @ID6.8 and 0.8 respectively.

Table 4 Analysis of tripleR-genes containing plants from co-transformationemrflCR screening for backbone genes and potemiage

betweerRpi-stolandnptll

R-gene test Backbone-gene test(from RB to LB)
Plants codes Rpi-stol Rpi-blb3 Rpi-vntl.1 tetR traJ oriVv nptll| trfA tetA ori3+5 virG Rpi-stol+nptll
H62-col-4-5 + + + - - - - - - - - +
H62-co2-4-3 + + + - - - - - - - - +
H62-co2-4-4 + + + - - - - - - - - +
H62-co2-4-8 + + + - - - - - - - - +
H62-col-4-2 + + + - + - - + - - + -
H62-col-4-3 + + + + + + - + + - + +
H62-c03-2-15 + + + - + - - + + - - ~
H62-co3-4-1 + + + + + - - + - - + ~
H62-co3-4-7 + + + - - - - - + - - ~
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2.2 Marker Free multiple R genes transformants in ae vector.
2.2.1 Introduction

To distinguish rare transformation events agaiaggd amount of non-transformed
cells is a major challenge in the generation ofidgenic plants. Selectable marker
genes (SMGs) have been widely used in enablingt ptansformation because the
transformed cells are resistant to the appropaatiiotic or herbicide. However, the
SMGs are known to inhibit growth and regeneratidriransformed cells thereby
decreases transformation frequency. In addition,GSMntegrated into the plant
genome, arises concerns about widespread occara@nsuch transgenes in novel

ecosystems (Zuo et al., 2002).

For selection of marker free transgenic plants, P&CReening is mostly used. To
apply this strategy on thousands of regenerangsilisa tough thing. Thereby a fast
and accurate pre-selection fromvitro disease test of potentially transformed plants
is an alternative. Based on gene to gene theoryijtro plantlets went through the
inoculation of appropriat®.infestansisolates. Plants which contain the relevBnat

gene would be resistant to the isolates tested.

Potato is very amenable to tissue culture. Inramitro environment, humidity and
temperature were manipulated fBrinfestansto germinate and develop on potato
plantlets (Huang et al., 2005a).Thus, thevitro disease assay as an pre-selection for
the potential resistant transgenic plants is vde@uatbdiscarding the susceptible plants.
This method narrowed down the PCR screening numileants, which is also

economic friendly.

P.infestansisolate 90128 harbours avirulence tRpi-blb3 and also to Rpi-stol.

Thereforeit could be used for a pre-selection of functional NAinsertion.
2.2.2 Materials and Methods

Materials
Double gene construct pBINPLURpi-sto¥Rpi-blb3with removed marker gene of
nptll was used in transformation of c.v. Atlantic. Regane were harvested and

maintained from this transformation.

P. infestangsolate 90128vas used in this study. The information is listed able 5.
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Table 5Characteristics dP. infestangsolate 90128

isolates origin i\)/llggng Virulence profile Year isolated
o128  Seldrop.  p, 1.3.4.7.8.10.11 1990

Netherlands

Methods
Explants maintenance and plantlets preparation

For stem explants maintenance, it is the same h.2.except for the supplied
antibiotics in the plate. Here, 1 ml of Zeatine (i 2 ml of Cefotaxime (100mg/l),
and 2 ml of Vancomycine (100mg/l) were added inltBemedium together with 8g
of agar. Regenerants were planted in plastic jafeer 2 weeks for rooting, the
plantlets were ready to be multiplied. Fresh shamtsingle nodes were cut and
transplanted to plastic pots (diameter 15 cm) WHB30. 8 cuttings from 4 plantlets
were included in one jar. After one or two weeksaiiting, the plantlets were ready

to go within vitro disease test.
P. infestans isolates, maintenance, and inoculueppration

P. infestandsolate 90128vas used in this study. A fresh sample of sporapgices
was placed on rye agar medium supplemented withs2@gose (Caten and Jinks,
1968). After two weeks of growing, the plate wi#t bovered with mycelium. Sterile
water was added to the sporulating mycelium. Tharapgiospore suspension was
pipetted into a new tube and incubated ‘&t #r 3h. The concentration was adjusted

to 5*10* zoospores i for inoculation (Bradshaw et al., 2006).
Inoculation

Fully developed leaves oh vitro plants were used in the inoculation by pipetting
10ul droplets on the abaxial side (1 spot per le&ipculum preparation and
inoculation were performed in the flow cabinet wid being contaminated. Finished
jars with the inoculated plantlets were removed tchamber which held a 24-hour
relative humidity of 100%, a 16-hour light periastable temperature at°C5Each
regenerant was 2 times present and both were istecll After 2 weeks, plantlets

were scored witlfiR-RandR-S.
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Resistance score

Inoculated plantlets were scored at 21 days posctulation (dpi). Compatible
interactions were scored in two classes, whichuthelsusceptible (spreading lesion
with massive sporulation) and less susceptibleeébng lesion with no or little
sporulation). They were both referred to S. Inconiyinteractions were scored as R
(no symptom or localized HR-like necrosis) (Huahgle 2005a). The two repeats of

plantlets for one genotype were finally scored viRtiRor R-S
R-R and R-S plantlets multiplication and DNA isodat

Selected, potentially resistant, plantlets weretipliéd from the stock. After 1 or 2
weeks, leaves were big enough for harvesting ané Bids isolated from the same
method of 2.1.2.

PCR screening on R-R and R-S plantlets

Positive plants withR-gene(s) were tested with the backbone gene frootorve
pBINPLUS and als@.tumcontamination by using signal gevieG. Method was the
same as 2.1.2.

2.2.3 Results

From May 2010 till November 2010, 3405 plants wkaevested from marker free
transformation. 3101 out of 3405 plants were testigk thein vitro disease essay. In
Table 6, the numbers in each period were listederAn vitro assay, R-R and R-S
plant were calculated based on the resistance a&i@u The results were available
separately from column R-R and R-S in Table 6. BCRening was carried out on
the pre-selected plants of R-R and R-S. The coltR®R positive”, showed the
number of plants potentially harbourifygene(s). Between brackets, two numbers

are visible. They are the positive plants showing
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Table 6 Plantlets undertaken of vitro disease test and PCR results comparison

Plants
Harvesting  Total plants undertaken of in PCR Efficiency in  Efficiency in
period No. vitro disease test R-R R-S positive R-R R-S
2010/05* 9 9 1 8 0 0 0
2010/06* 311 311 8 42 4(3,1) 0.375 0.024
2010/07* 1273 1273 18 84 8(8,0) 0.444 0
2010/08 780 780 26 71 7(6,1) 0.231 0.014
2010/09 608 608 29 67 3(2,1) 0.069 0.015
2010/10 120 120 1 4 1(1,0) 1 0
2010/11 304 0 0 0 1 - -
Total 3405 3101 83 276 24(20,31)  0.241 0.011

*Harvested by the other persons.

! Not done within vitro assay.

220, total number of positive PCR plants fr&R 3, total number of positive plants
from R-S 1, not from anyone dR-Ror R-S

- No results
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R-R and R-S reaction respectively. Efficiency intbhBCR screening on R-R and R-S

were calculated and available in the last two colsi®@s percentage.

In November 2010, 304 plants were directly screeinech PCR, showing 1 plant

positive withR-gene specific primers.

There were 20 plants from 8B-R plants showing positive in PCR screening,
representing a percentage of 24.1%. While in thecgen of PCR positive plants
from R-Splants, the percentage was only 1.1%. For theieficy in each individual
period, the highest frequency of PCR positive @aming out was after 2-3 months
(transformation started in April 2011), which iglicated in Figure 11.

0.014

0.01 / \
[\ A )
0.006 / \/ \ /
0.004 / \/
0.002 /

L

2010/05* 2010/06* 2010/07*  2010/08 2010/09 2010/10

total regenerates

Percentage of PCR positive plants in

Figure 12 Graphical map of percentage of PCR positive plaatsong total
regenerants obtained from each period.

In Figure 12, there was a peak in Jun. 2010. Onatmafter setting up of the
experiment in April 2011, regenerants started tohbesested. In the third months
after the transformation, regenerants gave a higle¥sentage in harbourirRygene.

11 new screened plants harbouriRgene(s) were also tested by backbone detection
from PCR. Results were summarized in Table 7. Seplants out of 11 were R
gene(s) harbouring and also backbone genes fraehwlere 2nd-8-7, 685-2, 621-2,
617-3, 617-6, 645-7, 648-2 and 654-5. It can alswibwed from Table 6 the seven

cisgenic regenerants were positive in PCR screefanpi-stoland Rpi-blb3 but
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negative foRpi-vntl.1 Of the positive R-genes containing regenerdahese were 7

regenerants showing backbone free.

Table 7 Plants from marker free transformation undertakielp@R detection

R-gene test Backbone-gene test(from RB to LB)
Plant code Rpi-stol Rpi-vntl.1 Rpi-blb3 tetR traJ oriV NPTIII trfA tetA ori3+5 virG
2nd-9-8 + - + - - + + + + + +
2nd-8-7 + - + - - - - - - - -
685-2 + - + - - - - - - - -
621-2 + - + - - - - - - - -
617-3 + - - - - - - - - - -
617-6 + - - - - - - - - - -
645-7 - - + - - - - - - - -
648-2 - - + - - - - - - - -
654-5 + - - - - - - - + - -
704-4 + - + - + + + + + - -
2nd-5-2 + - - + - - - + - - -

2.2.4 Discussion

In vitro assay can be used as a pre-selection foteptial marker free

transformants.

In this experiment, we carried out vitro assay to select potentially marker free
transformants from large amounts of regenerantsulRendicated that efficiency of
getting PCR positive plants from vitro assay was comparable with the efficiency of
directly from PCR detection, which was approximatdie same at 1% (Internal
communication)In vitro assay could be an alternative method of larges smadlysis
from PCR. This method was described before as gectarespondence betwean
vitro assay and the DLA for studying the gene for geteraction between potato and
P.infestangHuang et al., 2005a). The advantagesraritro assay as a pre-selection
method in reducing the PCR numbers and increasmt efficiency were obvious.
In addition in vitro assay can also be predictive in gene for geneaictien which
could increase the credibility of PCR positive p¢aim containing th&® genes. On the
other hand,n vitro disease assay could miss some PCR positive pthuaing

resistance in DLA or in the field..
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R-R plants from in vitro assay were more predictihan R-S plants when

compared to PCR results.

In order to determine the proportion of PCR positpants inR-R and R-S the
efficiency in each was calculated and compared. résalts demonstrated that most
of the PCR positive plants werecoming frd®R which could give reference for

future work to focus oRR-Rplants when carrying oun vitro assay.
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3. Functional characterization of detectdi-stoland/orRpi-

vntl.1gene(s) in MF plants produced from (co-) transfaron.

3.1 Introduction

Phytophtora infestanmfects potato by invagination of a feeding stamet(haustoria)
into the host cell plasma membrane, establishinghamate contact with this host,
and delivering effector molecules (virulence eftes} into the plant cell. The plant
reacts to the invasion by recognizing the avirueeifectors and activating the innate
immunity via complex pathways that arrest prolifema of the pathogen, thus

conferring disease resistance (McHale et al., 2006)

So far, five matching pairs dPiAVR and potatoR-genes have been identified,
PiIAVR3a/3gArmstrong et al., 2005)AVR4/R4van Poppel et al., 2008 AVR-
blb1/Rpi-blblVieeshouwers et al., 2008)\VR-blb2/Rpi-blb@Oh et al., 2009) and
AVRvntl/Rpi-vntl(Pel, 2010).

In effector screening dipiO, the two variants ofpiO1 andIpiO2 triggered a cell-
death response 5. bulbocastabunplants carrying the late blighiR gene Rpi-
blbl(alternatively namedRB)(Song et al., 2003Rpi-stolas homologue oRpi-blbl
also showed cell-death response IpaO1 and IpiO2, which provides functional

evidence for th&-Avrinteraction (Champouret et al., 2009).

In this experiment, transformation and co-transfation were undertaken on cv
Atlantic. In order to get efficient numbers of @sgc plants, plantlets were screened
from PCR detection foR genes. Positive ones were selected out followedhby
backbone gene detection. Two different functionasags were performed.
Agrobacterium Transient Transformation Assays (ATTAfpisleliverAvr effectors to
the plant cell followed by checking hypersensitivieaction on the leaf. It is a
powerful tool for the analysis of gene functionplants. Threshold of concentrations
in Avr effectors were recorded in order to compare thsibdgity of transgenic plants
in resistance response Awr effectors. A second method is the detached lesdya
(DLA), which is used to mimid®i infection in the field (Huang S W, et al., 2005).
Different isolates ofPhytophthora infestansvere used on the same plant. Results
were compared to see the response of the sametpldiffierentP. infestanssolates.
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3.2 Materials and methods
3.2.1 Materials

Marker free transformants of cv Atlantic, which &m@m single transformation events
of pBINAW2c:: Rpi-vntl.1 pBINAW?2e:: Rprvntl.1+Rpi-std and co-transformation
of pBINAW2c:: Rpi-vntl.1& pBINAW2e:: Rpi-stol Also the same genes in another
vector were co-transformed to cv  Atlantic: pBINAWRA:: Rpi-
vntl.1&pBINAW2LB4:: Rpi-stol

Effectors

Several effectors were used in ATTA experimentld8 indicated the information

of the effectors.

Table 8 Overview of effectors used in the study

Effector name Vector A.tumstrain
Ipiol pK7WG2 AGL1
Avrvntl pMDC32 AGL1
Rpi-stol pBINPLUS AGL1
Rpi-vnt1.1 pBINPLUS AGL1
Isolates

4 isolates were used in DLA test. The charactesstiere described in the next table

including the origin and mating type, race and ysalated (Table 9).

Table 9 Characteristics dP. infestangsolates used in this study.

Isolates  origin Mating type Virulence profile Year isolated
EC1 Ecuador Al 1.3.4.7.10.11 1998
USA618 Toluca Valley, Mexico A2 1.2.3.6.7.10.11 Not known
DHD11 North Korea Al 1.2.3.4.6.7.10.11 2007
Pic99189 Metepec, Mexico A2 1.2.5.7.10.11 1999
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3.2.2 Methods
Plantlet and leaflet preparation

Fresh shoots or single nodes were cut and trartsplam Murashige and Skoog (MS)
supplemented with 30g of sucrose per litre (MS8Q)lastic pots (diameter 15cm). 8
cuttings from 4 plantlets were included in one @dter two weeks for rooting, thie
vitro plantlets were transferred into trays (with 5cm*3Bom in width, length and
height) for pre-exercise. They were transferredirmga big pots with a straight
wooden stick for inducing the plantlets growing tieally. The plants were then
grown in the greenhouse. Depending on the potatotgpe, it took 2 to 4 weeks

from transplanting to inoculation.

Leaves for detached leaf assay were collected &&dM A. Primary leaves from the
third to the sixth counting from the bottom of pismvere excised at the stem. Their
petioles were cut firstly to be sharp and thenrieseinto 5 cm*5cm green flower
foam which was marinated in water for 15min. Thavks in the foam were placed
with adaxial face down on sterile water-soakecdeffilpaper in the covered tray.
Together with the label fixed with a wooden stiak the foam, two leaves from the

same transgenic plant were used.
Avr effectors and R-gene preparation

Method was described in Appendix 4. Positive cdatwere mixed wittRpi-stoland
Avr effector oflpiol. Another positive control as mixture Bipi-vntl.1land Avrvntl

was also undertaken to adjust all the samplediweteame background.
Infiltration

Three leaves from lower side of the plant werdthatied with MMA culture at an OD

gradient of 0.2, 0.05 and 0.0125 using a 1ml swrinigaves were infiltrated from the
abaxial side with the same amount of cultures. rAfit@shing one concentration or
one effector, the gloves and syringe need to beeskeéd to avoid cross

contamination.

Resistance score
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At 6 days post infiltration, leaves were scoredwatnumber from 0 to 2. Infiltration

spots which show hypersensitive response (HR) cotegawill be recorded as 2.0.
Spots with several lesions around the infiltratmace but on which the total area is
less than the area of HR will be recorded fromt0.5.5. “NR” means no response.

A full table was filled in with the positive and gegtive controls. Threshold for HR
happening in each plant was written down basedemata of ATTA. If there were 4
out of 8 data giving a number more than 1.5 in gt at an OD of 0.2 in th&vr
effectors, the plant will be recorded as a threglodl0.2. It was the same assessment
method in other ODs.

P.infestans isolates, maintenance, and inoculunppration

A fresh sample of sporangiospores was placed oragg medium supplemented
with 20gl* sucrose (Caten and Jinks, 1968). After two wedkgrawing, the plate
will be covered with mycelium. Sterile water waglad to the sporulating mycelium.
The sporangiospore suspension was pipetted in&avaube and incubated af@ for
3h. The concentration was adjusted to 5*A@ospores rii for inoculation (Bradshaw
et al., 2006).

Inoculation

Each leaf was inoculated with eight droplets (1@&adh) of sporangiospore solution
on the abaxial side. After 6 to 8 days, the leaves evaluated for the development
of P.infestanglisease symptoms.

Resistance score

Leaflet which shows 8 spots (6 in the two sidethefmain leaf, 2 in the detached two
leafs separately) resistant R infestanswas recorded with Resistant (R). Leaflet
gives 6 spots of HR response, 2 spots in the detatdafs of susceptible response
was marked with RQ; SQ was also found becauseeof tspots out of 8 were scored
as susceptible t®. infestans;S means the 8 spots in leaflets were all susceptibl
(Figure 13).
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Figure 13 Resistance score fér. infestans
from detached leaf assay

Leaflet in (a) shows 8 spots (6 in the two
sides of the main leaf, 2 in the detached

two leafs separately) show resistantRo

infestansin (b), the leaflet gives 6 spores
of HR response, 2 spots in the detached
' leafs of susceptible response; (c) was
marked as SQ because of the 4 spots out of
8 were scored as susceptible ®.
infestans (d) was the picture for S, with all

8 spots of susceptible response.

3.3 Results

90 plants from different transformations includitiguble genes single transformation
and co-transformation with a singiegene in each construct were tested with PCR
reaction to distinguish the presenceRofienes. ATTA and DLA results were scored
on these plants and the correlations betwRgene presences, isolates detection and
effector response were analysed. Detail informatan be found in Appendix 9.
Backbone genenptlll was tested on the positivie-gene plants to evaluate the
backbone insertion proportion. Plants were separéeam thenptlll plus (+) and
minus (-) as seen from Table 10. Results showetdrnhaptlll free plants, there were

4 plants containing doubl@ genes. These 4 plants were from 2 transformatbns
pPBINAW2e:: Rpi-vntl.¥Rpi-stoland pBINAWZ2LB4::Rpi-vntl. KpBINAW2LBA4::
Rpi-stol. While in the plants only containing singkegene, 16 and 23 were the
numbers from the 2 transformations respectivelyo(@40).

In nptlll containing plants, the same sorting was carriedbaged on th&-genes
stoll andvntll. Data showed that 16 plants contain both genederend 18 plants
were only containingntl.1and 12 plants onlgtoll Cultivar Atlantic was included

In this experiment as a negative control.
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Table 10Plants from transformants harbouriRgi-stolor Rpi-vntl.1were sorted by
presence or absence of thyglll gene

Plants numbers containing

nptlll the gene(s)
Rpi-stol& Rpi-vntl.1 Rpi-stol Rpi-vntl.1  Total
] 4 16 23 43
N 17 18 12 47
- nptlll free
+ With nptlll

! One plant came from transformation of pBINAW2et1.1+stol
% Three plants of 23 were transformed of pBINAWett1.1

% One plant came from transformation of pBINAW2et1.tstol
* There were 3 plants from transformation of pBINAW&nt1.1

Other plants are from co-transformation of pBINAVR2L.: vntl.1&pBINAW2LBA4::
stol

Table 11 described the correlation between gendsfamctional assay from both
ATTA and DLA. The correlation was -calculated fronhet percentage of
hypersensitive response numbers out of the to&adtplnumbers for individual gene
detection. In plants tested witRpi-stol inserted in the genome, isolate EC1
recognised 85% of the plants, which means there &8% plants being scored as R
in DLA. Isolate USA618 contains both gemevsr effectors. Rpi-stol containing
transformants were tested for this isolate as amil72% from DLA results matched
with resistance. DHD1Was also reported harbouring badtkr effectors. From the
table shown, 42% of DHD11test results fit the PCéheg screeningRpi-stol as
homologue ofRpi-blbl would happen cell-death response IppO1 as well A
proportion of 32% in total was shown to respondAMRTA test. When isolate
Pic99189 was used for the DLA functional assay Rmi-vntl.1l there were 80%
plants corresponded with PCR results. While in lggthes bearing plants, the number
was 100%. EC1 recognised 86% Rypi-stolgene in both genes containing plants.
Isolate USA618 and DHD11 had high percentage of &4th 100% respectively for
both genes positive for the PCR. ATTA testing byngsAvrvntl for Rpi-vntl.1

detectionshowed 34% plants responding.
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In ATTA test for both genes containing plants, piesicontrol ofRpi-vntl.landAvr
vntl were mixed and co-infiltrated to the leafs. Forrsw of the positive control in
double gene containing plants, there was no HRdadarcontrast to the plants only
harbouring single gene in the genome. For usinipioflL and Avrvntlin A. tumfor

infiltration, the leaves did not give response @&ith

Table 11Response between genes and functional assay frimABd A and DLA.

R-gene test Different isolates used in DLA test TdifterentAvrsin ATTA test
Pic99189 EC1 USA618 DHDI11 Ipiol Avrvntl

Rpi-stol 0 85%  72% 42%  32% ND

Rpi-vntl.1 80% ND ND 80% ND 34%

Rpi-stol+Rpi-vntl.1 100% 86% 94% 100% - -

- There is no response on the leaves; ND meandamat

Table 12 Relation of PCR screen for individual R genes amdcfional assay of
ATTA and DLA with isolate DHD11.

Plants numbers correspond to
ATTA and DLA

Plants positive in PCR

Nptlll  Genes for screening screen R/R S/S Q

+ Rpi-stol 18 7 7 4
Rpi-vntl.1 12 1 2 9
Rpi-stol+Rpi-vntl.1 17 - - -

- Rpi-stol 16 4 6 6
Rpi-vntl.1 23 11 4 8
Rpi-stol+Rpi-vntl.1 4 - - -

R/R refers to plants undertaken of both functicasdays of ATTA and DLA with the result
of both resistant; S/S was targeted with plantettigg susceptible of both assays; Q means

guestionable plants, the results from both ass&ys wot corresponded.

In stolfunctionality test from ATTA of the single genentainingnptlll free plants,

4 out of 16 plants gave hypersensitive respongeanreplicate plants at the level of
0.2 ofIpiO1. Results from DLA test by using isolate DHDihlthese 4 plants showed
R. In DHD11 test susceptible plants which were gatged as S in column DHD11, 6
plants had no response wifiol in both repeats. Plants KB06-29 and KB04-18 were
triggered as S in DLA while plant 1 in KB06-29 aode leaf from KB04-18 showed
hypersensitive response. Plant KB06-64 had the satonation with KB06-29. There
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were 2 other plants which were recognised by RLA Best but only one leaf had HR
in KB06-17. In KB06-55, two repeats showed HR and Response (NR)
respectively. Plant KB06-10 was scored as Q in befpeats of ATTA and MS in
DLA test (Appendix 8).

FromRpi-vntl.1functionality test in theptlll free PCR positive plants, there were 15
plants out of 23 in DLA showing the correspondimegults with ATTA test (Table
11). In the R plants of these 15 plants, the ATEAults were showing both two
repeats have response at level of 0.2. In S ptdridd A, NR was found in each plant.
In plants of KB06-16, 27, 44, 46 and, @ty were marked as R in DLA while for
ATTA test only one plant gave HR. In plant of KB@6-and KB06-65, the HR
happened at level of 0.05. Plant KB04-5 was testezteptible in DLA while the
ATTA results showed NR in one plant but one leafhaf other plant gave HR. There
were also other two plants of KB03-12 and KB04-6 matching in both tests, which
was resistance in DLA but no response in ATTA (Apgig 8).

In nptlll containing plants, 18 plants were tested with @tbA inside. For these 18
plants, DLA and ATTA results were scored and coragaas well. Results of 14 out
of 18 plants in both DLA and ATTA were corresporglinith each other (Table 11).
six out of 7 plants which were marked as R in DLgave a resistance level at 0.05.
The other one showed resistance at 0.2. PlantsSvithDLA in the 14 plants gave a
uniform HR in each plant. There were other 4 plaotsed in different groups. KB04-
10, KB06-4 and KB06-54 were tested susceptible Albut at least one plant
showed resistance in ATTA. KB06-41 was given R ihADbut there were no
response in both plants in ATTA test (Appendix 8).

Nptlll plants containindRpivntl.1were tested for ATTA and DLA. The results from
3 plants in DLA combined with the results from AT vhich includes 2 susceptible
plants and 1 resistant plant. The other 9 plante weestionable in comparing the

results from both sides (Table 12).

For the plants containing bot genes from PCR screen, in ATTA test the positive
control asRpi-vntl.1mixed with Avrvntl did not show HR as expected. The plants
did not happen with hypersensitive response eitBerthe results in ATTA were not
comparable with DLA test on the same plants coitgiboth R-genes. As shown in

table 10 and table 11, the relevant lanes were edankith ‘- showing not
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comparable and no response respectivelystdhl containing plants for bothptlll
free andnptlll containing, the co-infiltration dRpi-stolandipioll at 0.2 as a positive
control described at least one plant showed HRIisaaples. Co-infiltration oRpi-
vntl.1andAvrvntl at 0.2 was carried out as the positive controbriy Rpi-vntl.1
containing plants. The HR was also found in attlea® plant of two repeats in all
plants containindRpi-vntl.1 AGL1 as a negative control in all the plants for ATTA

testing gave no response on leafs (Appendix 8).

Cultivar Atlantic was co-infiltrated witiRpi-blblandIpiO1, Rpi-vntl.landAvrvntl
as the control for all the transgenic plants with same background of cv Atlantic.
But there was no response from b&kgenepositive controls. Infiltration oRpi-
vntl.] IpiO1 andAGL1 as the negative controls worked as no responséti@mtic

is susceptible when it was set as a negative ddmgrimoculating with DHD11

3.4 Discussion
DLA is better for detecting the functionality of d&nes than ATTA for

Atlantic transformants

In this study, both ATTA and DLA were developed thg routine methods for
monitoring majorkR genes in potato and their correspondiwy genes irP.infestans.
Correspondence between ATTA and DLA concluded EHaA has more recognition
than ATTA on monitoring the sanfegene(s). Effector research shows that there are
two models between effector and effector targeticivtare one effector-one target
and one effector-multiple targets (Hogenhout ef aD09). Referring tolpiol,
Vleeshouwers et al reported thirRpi-blblandRpi-stolrecognise the santeinfestans
Ipiol specifically. Isolates used in DLA test occur aml gene families consisting of
different virulence profiles. Race-nonspecifit genes are more aggressive when
challenged withP.infestansisolates Evidence was obtained frorRpi-stol gene
complementary characterization detection. Spea@bmplementary detection from
effector in ATTA has a lower percentage in matchmth theR-gene test from PCR
compared with DLA test by EC1, USA618 and DHD11uZzt al. described that
agro-infiltration could be potentially a substitdite DLA on testing multipledRpigene

containing plants(Zhu et al.), which was not cqumgling with this experiment.

Transformants with stacked R genes are more resisita DLA test in late
blight.
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DLA essay for twaoR -genes harbouring plants has higher match with B@R with
plants only containing ong-gene (Table 4). On the other hand, the higher rurab
match means that transformants with stadRepenes are more frequently resistant to
late blight. In rice, after stacking of bacteridight (BB) resistance genes, a wider
spectrum and a higher level of resistance to thepBBogen was observed than for
the parental lines which contain the sinBlgene(Huang et al., 1997). This result was
also confirming that stacking R genes in potategsl@ould increase the durability of
late blight resistance, which afforded evidenceesearch on increasing resistance to

late blight by stacking genes (Jacobsen, 2007).

ATTA was not predictive in cv Atlantic harbouringa transformed R

genes from co-transformation.

As the experiment setting, Agro-infiltration wasalapplied to plants harbouring two
transformeR genes detected by PCR. No hypersensitive respoasdéound on leafs

of cv Atlanta plants bearing twie genes from co-transformation (Table 4 and Table
5), in contrast with plants from transformation sthcked genes with showing HR
complimentary with each gene. Zhu et al. (2010)tetksthe triple R genes
transformants from transformation of stackedienes vector pBINPLUS by ATTA,
which indicated that the 23 transformants functilynexpressed all threRpi genes
with using the specific effectors (Zhu et al.).idt not clear how to explain this

discrepancy. This phenomenon need to be furthdyseth
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Conclusions

1. Rpi-mcqlwas successfully cloned to pBINPLUS and first pogriransformants

have been obtained.

2. In co-transformation, group D (3:1 ratioRgene containing construct angtll
containing construct) is expected in generatindgiéigrequency of MF cisgenic triple
R genes harbouring plants. However, kanamycin @sist seems to be linked
frequently withR-gene(s), which will, after sexual crossing witlsusceptible plant,

not bring the segregation needed for the seledti@msgenic plants.

3. In vitro assay can be used as a pre-selection methodRddglants are highly
predictive for positive PCR results; transformatigfficiency is highest in the third

month post transformation.

4. DoubleR genes containing cv Atlantic plants did not shwr reaction. The reason

for that has to be investigated in more detail.

5. Co-transformation is efficient in getting hidrequency resistant plants with

stacked R-genes.
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Appendix

1. Information of primers used for amplificationggne Rpi-mcql from vector pCLD
04541

Primer name Sequence(5’ to 3’) Tm Created sticld/ en

Rpi-mcqlF1l  tgaccctgcaggGTGCTGAGATTACCATTGTTGTC  62°C  Sbfl

Rpi-mcqiR1  tgacggcgcgccTGCATTTGTCCTTTCACCTTC 62°C  Ascl

2. Overview of the specific primers for colony P@Rconstruct of pBINPLUS:Rpi-

mcql.

Primer name Sequence Tm Product
mcql F1 TGTGGGAGTCCTATTACACCACGAA 58°C  710bp
pBIN R1 CTCGAACGACGTCACCGCCC 60°C

3. Overview of primers used for sequencindgrpf-mcql

Primer name Sequence Sequence results by alignment
Seq.1 TTTACCTTCCCTCCCTCAATCG 9279-9871

Seq.2 TCAAATATCGAACCGCTAAGGACC  9860-10365

Seq.3 TCCCTACACGTTACTTCAGAC 10322-10860

Seq.4 GAGGCAATGAGTACAAGTTTGG 10843-11340

Seq.5 CTCGGTGTGAAAGAAGTTGC 11335-11845

Seq.6 AGTTTGGTGAAGCATTGGTC 11817-12460
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Seq.7 ACACGATCAATGTCCACAACC 12459-13035

Seq.8 AGAAGGAAGGAACAACACATGC 13003-13431
Seq.9 GGCATTCGATTCTTCGGTTC 13301-14090
Seq.10 CAAGGTACAACACCTCTAAGCAG 14039-14790
seq.20 TGCCGTAAAGCACTAAATCG 15180-14470

4. A.tumstrain preparation

Two days before infiltrationA.tumefaciengontainingAvr effectors and different R-
genes in vectors were grown over night atC30n LB medium with appropriate
antibiotics and right concentrations(appendix) eespely. After 16h growth, the
OD; was measured and 50ml of YEB medium was inoculaiddx pl of LB culture
and grown overnight at 30 in order to get an ODof 1.0 the next day(x=z/O0vith
z=80000/%"" ime'3 "The following day, 45ml of YEB culture was céfitged for
10mins at 3600rpm. The pellet was re-suspended withl of MMA containing
Iml/L of acetosyringone. Y=22*ODenabled the standardization of the different
cultures at an OPpof 2.0. Every re-suspended pellet was incubatecafohour at

room temperature.

5. Overview of the primers in PCR reaction of paintscreening for cisgenic ones.

Label of . Annealing Length of
. ) Sequence (in 5>3’ order) Remarks
primer pairs temperature  products

TCGGCTATGACTGGGCACAACAGA
nptll 55.5°C 722bp T-DNA
AAGAAGGCGATAGAAGGCGATGCG

ACCAAGGCCACAAGATTCTC
Rpi-stol 65°C 890bp T-DNA
CCTGCGGTTCGGTTAATACA
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CCTTCCTCATCCTCACATTTAG
Rpi-vntl.1 60°C 302bp T-DNA
CTCATCTAATAGATCCTCCAC

AGCTTTTTGAGTGTGTAATTGG

Rpi-blb3 63.5°C 305bp T-DNA
GTAACTACGGACTCGAGGG
ACGAAGAGCGATTGAGGAAA Vector
trad 62.5°C 260bp
CAAGCTCGTCCTGCTTCTCT Backbone
oriv 60.8°C 246bp
GCAGCCCTGGTTAAAAACAA Backbone
GCGCTATCTCTGCTCTCACT Vector
insB 62.7°C 1872bp
AACGGCCTCACCCCAAAAA Backbone
nptlll 60.8°C 162bp
GAAAGAGCCTGATGCACTCC Backbone
CGTCAACAAGGACGTGAAGA Vector
trfA 61.5°C 146bp
CCTGGCAAAGCTCGTAGAAC Backbone
CTGCTAGGTAGCCCGATACG Vector
tetA 61.4°C 296bp
CCGAGAACATTGGTTCCTGT Backbone
GGGGGAGGGGATGTTGTCTA Vector
tetR 60°C 843bp
AGGGGTATGTTGGGTTTCAC Backbone
TGCGGCGAGCGGTATCAG Vector
oriv3+5 63°C 1045bp

CTTCTTGATGGAGCGCATGGG Backbone
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6. Overview of primers for measuring the distaneeMeenRpi-stolandnptll.

Pair Number Name Sequence(5'-3") m

1 TL1F GCAGCACCTAACAACCCTCACAAG 61C
TL2R TCTCCTGTCATCTCACCTTGCTCC 6L

2 TL3F AAGTCACTGTTGCAGCTCG 56
TL4R GTTCCTGCCATTGTGATTGC 56°C

3 TL5 F CAGGAGCAAGGTGAGATGACAGG 6%
TL6 R TCAGCGTACTCTACCTGTTGTGG 5@

4 TL7F GTAATAGCTTTGTGGCTGCATC 56
TL8R AGTCTTCTTGAGCAGTTCTTCC 5%

F forward; R reverse

7. Map of construct of pBINPLUSRpi-sto1&Rpi-blb3&Rpi-vntl.1

oligo insert 31853...31863

EcoR1 oligo 31842...31852

Promoter'Rpi-oka1 31841...31034

Rpi-oka1 31033...28457

Terminator 'Rpi-oka1 28456...27532
EcoRl oligo 27522...27531

oligo insert 27521...27521

bib25-B2'(8.5'kb) 8471...19
pi-bIb3'CDS(2544'bp) 5532...2989

pBINPLUS Sto1
Blb3 Okal same

order
31863 bp

Rpi-sto1(PCR'generated fragment)(6.7'kb) 27520...20831

Rpi-bIb1'CDS 25245...21654
RB 8826...8850

traJ 10788...11159
Tnos 19896...20151 oriV 11921...11304
HPTII 18700...19683

Pnos 18393...18700
LB 18011...18035

tetA 16459...17501

HPTII 14174...14968
tfA 15267...16415

(Source: Suxian Zhu)

8. Detailed information in functional characterieatof detectedRpi-stoland/orRpi-
vntl.1 gene(s) in MF plants produced from (co-) transttion
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Stol

vntl.1

nptlll

virG

Pic99189

Positive control

ATTA
Ipiol Avrvntl
Paek plantl plant2 plantl plant2 plantl plant2 plantl plant2

H43-KB05-4 + + - - R ER 0.2 0.2 Q Q
H48-KB06-14 + + - - R ER NR NR NR NR
H48-KB06-21 + + - - R ER NR NR NR NR
H48-KB06-51 + + - - R R NR 0.2 NR 0.2
KB04-11 + - - - S MS NR NR
KB04-15 + - - - S R 0.2 0.2
KB04-18 + - - - S R 0.2 0.2
KB04-3 + - - - S ER NR NR
H48-KB06-10 + - - - S MR 0.2 0.2
H48-KB06-17 + - - + S MR 0.2 0.2
H48-KB06-23 + - - - S R NR NR
H48-KB06-29 + - - - S R 0.2 NR
H48-KB06-34 + - - - S ER 0.2 0.2
H48-KB06-38 + - - - S ER 0.2 0.2
H48-KB06-52 + - - - S MR NR 0.2
H48-KB06-55 + - - - S R NR 0.2
H48-KB06-57 + - - - S MR NR NR
H48-KB06-6 + - - - S R 0.2 0.2
H48-KB06-64 + - - S MR 0.2 NR
H48-KB06-68 + - - - S MR NR NR
H15-KB03-12 - + - - ER/R S R NR
H15-KB03-4 + - - R S R
H15-KB03-7 - + - - R S R
KB04-19 - + - - R S R 0.2
KB04-5 - + - - S MS S NR
KB04-6 - + - + R MS R Q
HA48-KB06-11 - + - - s MS = NR
H48-KB06-16 - + - - R S R NR
H48-KB06-18 - + - - R S R NR
H48-KB06-19 - + - - S S NR
H48-KB06-2 - + - - R S 0.2
H48-KB06-20 - + - - S S NR
H48-KB06-25 - + - - R S R NR
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H48-KB06-27 - + - R S R 0.2 NR NR NR

H48-KB06-28 - + - R S R 0.2 0.2 0.2 0.2

H48-KB06-33 - + - R S R 02 0.2 0.2 Q

H48-KB06-42 - + - R S R 02 Q NR NR

H48-KB06-43 - + - R S R 0.2 Q 0.2 0.2

H48-KB06-44 - + - R S R 0.2 NR NR NR

H48-KB06-46 - + - R S R 0.05 NR 0.2 Q

H48-KB06-53 - ¥ - s s R PNREINRE R NR

H48-KB06-65 - + - R S R 0.05 NR NR NR

H48-KB06-8 - + - R S R 0.2 0.2 Q Q

KB04-14 + n + R R S R - - - - NR NR

KB04-17 + n + R MS |sS R - - - - NR NR

KB04-22 + n + ER/R ER R R NR NR

H43-KB05-5 + n + R MR | R R - - - - NR NR

H48-KB06-12 + n + MR R R R - - - - NR NR

H48-KB06-13 + n + R ER R R - - - - NR NR

H48-KB06-15 + n + R ER R R - - - - NR NR

H48-KB06-24 + n + R ER R R - - - - NR NR

H48-KB06-26 + n + R R R R - - - - NR NR

H48-KB06-3 + n + R S R R - - - - NR NR

H48-KB06-35 + n + R R R R - - - - NR NR

H48-KB06-37 + n + R R R R - - - - NR NR

H48-KB06-45 + n + R R R R - - - - NR NR

H48-KB06-47 + n + R R R R - - - - NR NR

H48-KB06-5 + n + R R R R - - - - NR NR

H48-KB06-56 + n + R ER R R - - - - NR NR

H48-KB06-7 + n + R R R R - - - - NR NR

KB04-10 + + S MS | Q S 0.2 0.05 0.2 0.2
KB04-13 + + S R R R 0.2 0.2 0.2 0.2
H48-KB06-32 + + s MR [R s [N INR ] NR 0.2
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H48-KB06-39

H48-KB06-4

H48-KB06-40

H48-KB06-41

H48-KB06-49

H48-KB06-50

H48-KB06-54

H48-KB06-58

H48-KB06-59

H48-KB06-60

H48-KB06-61

H48-KB06-62

H48-KB06-66

H48-KB06-67

H48-KB06-9

B o e I I I I o o I I I IS I

H15-KB03-11

H15-KB03-2

H15-KB03-5

KB04-16

KB04-20

KB04-21

KB04-9

H48-KB06-22

H48-KB06-30

H48-KB06-31

H48-KB06-36

H48-KB06-63

Atlantic

+ S R R R NR NR NR NR
+ S R R S 0.2 0.2 0.2 0.2
+ S R R R 0.05 0.05 0.2 0.2
+ S ER R R NR NR 0.2 0.2
n S R R Q Q
+ S S S NR NR
+ S R S R 0.05 0.2 0.2 0.2
+ S R R S NR 0.2 0.2 NR
+ S R R R 0.05 0.05 0.2 0.2
+ S R R R 0.05 0.0125 0.2 0.2
: s s s[5 ImW W ] NR R
+ S R R R 0.05 0.2 0.2 0.2
+ S R R R 0.05 0.05 0.2 0.2
+ S MS R 0.2 0.2
+ S MR S 0.2 NR

+ + R MR R NR NR NR NR

+ + MR S R/MR NR NR 0.2 0.2

+ + R S S/IMS 0.05 NR 0.2 NR

+ + S S NR NR

+ + S MR Q Q

+ + R/MR S R 0.2 NR 0.2 NR

+ + R S R NR NR NR NR

+ + R S R 0.2 NR 0.2 0.2

+ + R S R 0.2 0.2 0.2 0.2

+ + R S R/MR NR NR 0.2 0.2

+ + R S R/MR NR NR NR NR

+ + R S R NR NR NR NR

S S S S

H43: pBINAW?2e::vntl.1&stol H48: pBINAWZ2LB4:vntl.1&pBINAW?2LB4-stol, H15: pBINAWZ2c:vntl.1, NR: no response

R: resistance; S: susceptible; MR/MS: middle tasisor susceptible
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