
Untransformed and transformed ‘Katahdin’, ‘Dark
Red Norland’, and ‘Russet Burbank’ were grown in

growth chambers at 10, 20, and 30C.  RB transgene

transcript levels were assessed within four  20C
plants of RB transgenic line SP918 and

untransformed ‘Katahdin’ at 5, 7, and 9 weeks post
planting.  Plants of all lines were assessed at all

ages and all temperatures for the presence of the

RB transcript.
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TRANSCRIPTIONAL STUDIES OF THE LATE BLIGHT RESISTANCE GENE RB

IN FOLIAGE OF TRANSGENIC POTATO

Plant materials

Expt 1 and 2: RB transcription, disease resistance, and gene dosage
Leaves from plants grown under  standard greenhouse conditions were collected and

stored at -80C.

  - ‘Katahdin’: untransformed and eight RB transgenic lines (KAT+RB);
  - ‘Russet Burbank’: untransformed and nine RB transgenic lines (RusB+RB);

  - ‘Dark Red Norland’: untransformed and 23 RB transgenic lines (DRN+RB).
  - ‘Superior’: untransformed and five RB transgenic lines (SUP+RB).

Expt 3: RB transcription, disease resistance, and plant age
Plants were grown for four, eight, and twelve weeks, and each line was represented by four

plants at each age.  For molecular assays, plant tissue was excised from plants

immediately prior to inoculation, frozen in liquid nitrogen, and stored at -80C.

Expt 4: RB transcription, temperature, and plant age

Four clones of three different RB transgenic lines and untransformed varieties ‘Dark Red
Norland’, ‘Katahdin’, and ‘Russet Burbank’ were grown in growth chambers at 10, 20 and

30C.

RNA and DNA extraction:

RNA: SV Total RNA Isolation System (Promega)
DNA: DNeasy Plant Mini kit (Qiagen)

RT-PCR:
Super Script One Step RT-PCR (Invitrogen);

RB specific primers: 2Mama31 and 53 (Millett and Bradeen, 2007);
RNA polymerase II (RP2) primers (positive control; Millett and Bradeen, 2007);

PCR conditions detailed in Millett and Bradeen (2007).

Real time qRT-PCR

Super Script  III Platinum SYBR Green One Step (Invitrogen);

ef1   primer (endogenous control) (Nicot et al., 2005);
RB specific primers: 2Mama31 and 53 (Millett and Bradeen, 2007).

Real time qPCR

iTaq SYBR Green Supermix (BIO-RAD);

ef1  primer (endogenous control) (Nicot et al., 2005);
RB Specific primers: 2Mama31 and 53 (Millett and Bradeen, 2007).

Data Analysis
Data generated by real time PCR were analyzed using Sequence Detection Software v.

1.4.0.25 (Applied Biosystems). The threshold value was adjusted against ef1  reactions
for consistent Ct values across multiple experimental plates.  Ct values for the RB

transgene and ef1  were processed with the Visual Basic software Q-Gene (Muller et al.

2002) in Microsoft Excel.

Late blight disease of potato (Solanum tuberosum L.), caused by Phytophthora infestans, is

one of the most damaging diseases in any crop. The single late blight resistance gene RB

was cloned from the wild potato species S. bulbocastanum genotype PT29 (Fig.1; Song. et
al., 2003) and transformed into four different potato varieties (Katahdin, Superior, Russet

Burbank and Dark Red Norland) (S. Austin-Philips, unpublished). We evaluated 57 RB

transgenic (+RB) lines in replicated field tests in Minnesota for foliar blight resistance to P.
infestans US8. Based on resistance phenotypes, these transgenic lines were classified as

susceptible (S), moderately susceptible (MS), moderately resistant (MR), or resistant (R)
(Fig.1). Previously we developed an RB transgene specific RT-PCR assay (Millett and

Bradeen, 2007) and have adapted it for real time quantification.

Materials & Methods

Introduction Results

Fig. 1. University of Minnesota late blight nursery. (A) resistant Solanum bulbocastanum genotype
PT29; (B) resistant RB transgenic lines (yellow line) and untransformed susceptible lines (red line).

A B

Effects of plant age on RB transgene transcription: RB transgene transcript levels were

assessed in three independent inoculated plants each of RB transgenic lines SP2572,
SP2577, and SP2585 at 4, 8, and 12 weeks post planting.  RNA from three plants each of

PT29 and untransformed ‘Dark Red Norland’ (‘DRN’) from each age was pooled by

genotype and also tested for RB transgene transcript levels.

Objectives:
Expt 1: Explore the relationship between transgene RB transcription and resistance
Expt 2: Evaluate the effects of transgene RB dosage on resistance and transcription

Expt 3: Evaluate the effects of plant age on transgene RB transcription and resistance

Expt 4: Evaluate the effects of varying temperature and plant age on transgene transcription

Fig. 3. Transgenic lines vary in relative transgene copy number. Results from qPCR
experiments revealed transgenic lines contained between 1 and approximately 25 transgene

copies.  For discussion purposes, we grouped transgenic lines into  three groups: low copy

(relative transgene copy number of 1 or 2), medium copy (relative transgene copy number or 3
or 4) and high copy (relative copy number >4).

Fig. 4. Individual varieties also vary in RB copy number. ‘Russet Burbank’ +RB  lines have

the highest  average transgene dosage (AVG=8.52). In contrast ‘Katahdin’+RB lines showed

the lowest average transgene dosage (AVG=1.90).

Fig. 5. A direct correlation between transgene dosage and late blight resistance. Mean
transgene dosage vs. disease resistance classes.  Error bars indicate standard deviation.

‘Katahdin’ +RB ‘Russet Burbank’ +RB

‘Superior’ +RB ‘Dark Red Norland’ +RB

Expt 2: Effects of RB dosage on resistance

Fig. 6. RB transcription varies

throughout plant development.
Mean normalized RB transcription

versus plant age.  The pattern of

RB transcription between trials is
most similar in transgenic

SP2585. SP2572 and SP2577

exhibit different RB transgene
transcription patterns between

trials, possibly due to
environmental variation.  Error

bars reflect standard deviations.

There is evidence for Tukey
significant differences between

line SP2585 and all others, as well

as SP2577 and all others, at the
95% confidence.

(A) RB transcription is

consistent one month after
flowering.  In potato, flowering

coincides with initiation of tuber

formation, marking a potential
shift of metabolic energy away

from disease resistance.  We
explored RB transcription at the

time of flowering and 2 and 4

weeks post flowering in
nontransgenic and transgenic

‘Katahdin’ plants grown at 20C.

As expected, untransformed
‘Katahdin’ lacked the RB

transgene transcript (not shown).

Expt 3: Effects of plant age on RB transcription and resistance
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Conclusions

• Higher transgene copy numbers correlate with enhanced resistance

• In general, observed resistance phenotypes directly correlate with transcript levels; higher

gene transcription correlates with enhanced resistance

• The trend of decreasing resistance with plant age previously reported by our laboratory

(Millett et al. 2006, SOL) cannot be a direct effect of transgene transcription

• Transcription of transgene RB was nearly constant for one month post flowering and was

not affected by temperature
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Expt 4: Effects of temperature and plant age on RB transcription

Fig. 2. A direct correlation between transgene copy number and disease resistance for
three transformed varieties. Mean transgene transcription levels vs. disease resistance

classes.  Error bars indicate standard deviation.  For ‘Dark Red Norland’ transgenic lines,

higher transgene transcription does not always results in enhanced resistance.

Expt 1: Relationship between RB transcription and resistance
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A

The lower fragment (RB) is specific for the RB transgene and is detected in transformed

line SP2193 but not in untransformed ‘Russet Burbank’.

(B) RB is transcribed at all
temperatures. RB transgene

transcript could be detected in all

transformed lines, regardless of
age or temperature.  In this RT-

PCR assay, the upper fragment

(RP2) assay, is an internal
control  present  in  all  samples.

In transgenic potato,  +RB transcription  remained  predominantly  uniform after flowering.

Fig. 8. RB transgene transcription in relation to age and temperature.

       Fig. 7. 'Dark Red Norland' line SP2577 64 days old grown at 30, 20, and10C (left to right).

Temperature affects plant developmnet.

KAT= Katahdin

RusB= Russet Burbank

SUP= Superior

DRN= Dark Red Norland
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