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RT-PCR ANALYSIS OF TRANSCRIPTION FROM POTENTIAL OPEN READING FRAMES IN THE INSERT AND BORDER REGIONS OF 1507 MAIZE
INTRODUCTION 

Two novel potential open reading frames (ORF) were identified in the insert region of 1507 maize.  One of the potential open reading frames, ORF3, extends from base 1896 to base 2648 [753 bp (including stop codon), 250 amino acid residues] (Figure 1) in the border region 5’ to the full insert.  The second potential open reading frame, ORF4, is located in the almost full-length insert of 1507 maize.  This potential ORF of 633 bp, with the stop codon (210 amino acid residues), partially spans the ORF25 polyA terminator and the CaMV 35S promoter sequences, and is also present in the PHI8999A linear DNA fragment used in the transformation of 1507 maize. 

In order to determine if these potential ORFs are expressed in the kernels of 1507 maize, total RNA and mRNA [poly(A)+ RNA] isolated from developing kernels (10 days after pollination) were analyzed by RT-PCR (Reverse Transcriptase-PCR) techniques for the presence of mRNA from the cry1F and pat genes, and from the ORF3 and ORF4 sequences.  Total RNA and mRNA isolated from developing kernels of 1507 maize, and non-GM control maize were converted to first-strand cDNA by the reverse transcriptase enzyme using oligo(dT) as the primer.  RNA was then subsequently removed and the resultant cDNA was used for PCR to amplify the targeted gene or ORF sequences.  PCR primers were designed to amplify ORF3, ORF4, cry1F, and pat sequences in the insert in 1507 maize.  In order to verify the efficiency of first-strand cDNA synthesis from 1507 maize and non-GM control maize RNA samples, PCR primers were designed to amplify the endogenous maize dapA gene.  The maize dapA gene (GenBank Accession # X52850) encodes an enzyme from the lysine biosynthetic pathway, dihydrodipicolinate synthase (EC 4.2.1.52), and is expressed at low levels in most tissues of the maize plant.  Absence of DNA contamination in the RNA samples was determined by comparing results of reactions with and without the first-strand cDNA synthesis reaction; RT-PCR to a No RT-PCR control, respectively.  

The RT-PCR results indicated that transcript containing sequences from cry1F, pat, and ORF4 can be detected in total RNA and mRNA isolated from developing kernels of 1507 maize.  Both cry1F and pat transcripts were detected in all 1507 maize RNA samples whereas transcript containing ORF4 sequence was only detected at low levels in a subset of the 1507 maize RNA samples.  Virtually all plant genes have multiple polyadenylation sites and production of mRNA populations with a variety of 3'-end points in plants, including maize, has been well documented (Rothnie, 1996; Hunt, 1994).  The location of the ORF4 sequence in the 1507 maize insert, immediately 3' to the cry1F gene would explain the presence of the ORF4 sequence in read-through transcripts containing the cry1F gene and downstream 3'-end sequence, which would be produced in a relatively very low amount in 1507 maize kernels.  Indeed, RT-PCR analysis detected amplified product of the expected size, starting from the 3’ end of the coding sequence for cry1F and proceeding into the ORF4 sequence providing strong evidence for the presence of ORF4 sequence on a read-through transcript from the cry1F gene.  PCR product was produced for the ORF3 sequence when RT-PCR was carried out on total RNA and mRNA samples isolated from developing kernels of either 1507 maize or non-GM control maize.  In contrast to the RT‑PCR results, northern blot analysis, on the same mRNA samples used for RT-PCR, only detected transcript from the cry1F gene and no transcript was evident for ORF3, ORF4, or pat sequences.  RT-PCR results indicated that the potential transcript of ORF3 was not present in the developing kernels of 1507 maize at the limit of detection of the RT-PCR analysis and the potential ORF4 transcript was present in some 1507 maize samples suggesting that transcript containing ORF4 sequence was present at or below the limit of detection of the RT-PCR analysis and is most likely the result of relatively very low level of read-through transcription from the cry1F gene. 

RESULTS AND DISCUSSION

I.  Extraction of total RNA and mRNA [poly(A)+ RNA] from developing maize kernels and RT-PCR methods 

Prior to initiation of RT-PCR analysis, Cry1F lateral flow strips (Strategic Diagnostics, Inc., Newark, DE) were used to confirm Cry1F protein expression in test plants and absence of the protein in non-GM control plants.  Developing kernels were collected in 25 ml sterile centrifuge tubes at 10 days after self-pollination (dap) from 1507 maize (9 individual plants) and non-GM control maize (5 individual plants).  All samples were labeled and immediately frozen in liquid nitrogen.  Total RNA was extracted from the developing kernels using an NTES buffer (0.1M NaCl, 10mM Tris.HCl pH 7.5, 1mM EDTA, 1% SDS) procedure or using a modification of the RNeasy Kit (Qiagen) and the mRNA [poly(A)+ RNA] fraction was subsequently isolated using NucleoTrap mRNA Kit (Clontech).  Following extraction the total RNA and mRNA samples were quantified using RiboGreen RNA Quantitation Kit (Molecular Probes) and a microplate spectrofluorometer.  Total RNA and mRNA samples were pre-treated with DNase I digestion to eliminate residual genomic DNA from the RNA samples.  RT-PCR analysis on the total RNA and mRNA samples was then carried out essentially as described by the instructions supplied with the SuperScript™ First-Strand Synthesis System for RT-PCR (Invitrogen™ Life Technologies).  First-strand cDNA synthesis reaction was primed using oligo(dT) primers (or gene specific primers for the limit of detection assays) and SuperScript™ II RT enzyme followed by RNase H treatment to remove RNA prior to amplification of target cDNA.  

PCR was carried out on 4 % (2 l) or 8 % (4 l) of the first-strand cDNA synthesis reaction with Taq DNA Polymerase and primers specific for the sequences analyzed as described in Table 1 and diagrammed in Figure 1.  Standard PCR cycling parameters were 1 cycle at 94°C for 2 minutes; 40 cycles of 94°C, 30 seconds (denature), 60°C, 30 seconds (anneal) and 72°C, 1 minute (extension); with a final extension cycle at 72°C for 5 minutes.  PCR products were then analyzed by agarose gel electrophoresis.

II.  Primers for PCR analysis following first-strand cDNA synthesis

Six separate primer pairs were designed to detect transcript from four sequence regions in the 1507 maize insert as described in Table 1 and diagrammed in Figure 1.  The primer pair for detection of transcript from the cry1F gene expression cassette is located in the cry1F coding sequence and is expected to produce a PCR product of 322 bp.  Similarly, the pat specific primers that are expected to produce a 548 bp product are located within the pat coding sequence of the pat gene expression cassette.  Primers to detect transcript containing ORF3 sequence span from the 3’ end of the cry1F fragment to the maize chloroplast rpoC2 fragment of the ORF3 sequence.  The expected product size for the ORF3 primers is 333 bp.  Three primer sets were designed to detect transcript containing ORF4 sequence and all three sets span the ORF25 terminator region to the CaMV35S promoter region contained within the ORF4 sequence.  PCR product sizes for the ORF4 primer sets are expected to be 173 bp for Reaction A, 283 bp for Reaction B, and 503 bp for Reaction C.

Primers designed to detect transcription from the maize dapA gene (GenBank Accession # X52850) were used as a positive maize endogenous gene control to detect gene transcription in both 1507 maize and non-GM maize samples and to determine the efficiency of first-strand cDNA synthesis in all RNA samples.  The dapA primers were designed to span intron 2 (forward primer in exon 1 and reverse primer in exon 2) of the genomic maize dapA gene sequence and are expected to amplify a 212 bp product from processed dapA mRNA and a larger fragment of approximately 1.2 kb in genomic DNA.  Thus, the dapA primers also functioned to detect any contaminating genomic DNA in the RNA samples by the amplification of two different sized products from first-strand cDNA or from genomic DNA.  The maize dapA gene encodes an enzyme from the lysine biosynthetic pathway, dihydrodipicolinate synthase (EC 4.2.1.52), and is expressed at low levels in most tissues of the maize plant.  (Unpublished data on maize dapA gene transcription indicated that maize dapA transcript was present at about 0.009 % of the mRNA fraction in developing kernels and at about 0.003 % in leaf tissue of maize plants.)  Successful RT‑PCR amplification of dapA transcript was used to provide evidence that the total RNA and mRNA extraction and isolation procedures were capable of isolating low level mRNA species to maximize the sensitivity of the RT-PCR analysis.  

III.  RT-PCR on total RNA samples

RT-PCR was carried out on total RNA samples using primers to detect transcripts containing sequences from cry1F, pat, ORF3 and ORF4 (Reactions A and B) in the 1507 maize insert.  The maize dapA primers were used to detect dapA transcript in the 1507 maize RNA samples and the non-GM control RNA samples.  Two genomic DNA samples, 1507 maize genomic DNA (40 ng) and non-GM control genomic DNA (40 ng), were also used as controls to determine if the PCR amplifications reactions were successful for each primer set, particularly for primer sets that produced negative RT-PCR results.  Results of RT-PCR analysis on total RNA samples are summarized in Table 2 and shown in Figures 2 through 7.  Primers for the cry1F gene (Figure 2) and the pat gene (Figure 3) amplified products of the expected size, 322 bp and 548 bp, respectively for all 1507 maize total RNA samples and did not result in any product in the non-GM control RNA samples.  (Note:  The 1507 maize total RNA sample labeled 1507‑2 did not undergo a successful first-strand cDNA synthesis reaction, and produced negative results for all PCR primer sets including the dapA endogenous maize gene control, in the reactions shown in Figures 2 through 7.)  No amplification product for ORF3 sequence (Figure 4) was evident in either the 1507 maize RNA samples or the non-GM control RNA samples but did produce a fragment of the correct size, 333 bp, in the 1507 maize genomic DNA sample.  Reaction A for transcript containing ORF4 sequence (Figure 5) did not amplify any product in 1507 maize and non-GM control RNA samples, however, Reaction B for transcript containing ORF4 sequence (Figure 6) did result in a weak or nearly undetectable PCR product of the expected size (283 bp) in four of the eight 1507 maize RNA samples that underwent successful first-strand cDNA synthesis.  Both Reaction A and Reaction B for ORF4 sequence amplified the expected product in the 1507 maize genomic DNA sample.  PCR amplification with primers for maize dapA transcript (Figure 7) resulted in the expected product of 212 bp in all 1507 maize (except 1507-2 as discussed above) and non-GM control RNA samples and produced a band of approximately 1.2 kb in the non-GM control genomic DNA sample due to amplification of the intron region in the genomic DNA.

The RT-PCR results on total RNA isolated from 1507 maize and non-GM control indicated that transcripts containing sequences for cry1F and pat were present in 1507 maize and, transcript containing the ORF3 sequence was not present in 1507 maize at the limit of detection of the RT-PCR analysis.  Transcript containing ORF4 sequence, was detected in some 1507 maize total RNA samples, and appeared to be at or near the limit of detection of the RT-PCR analysis as PCR products were only weakly visible in a subset of 1507 maize total RNA samples for one primer pair and were undetectable for a second primer pair.  

IV.  RT-PCR on total RNA samples with and without first-strand cDNA synthesis reactions (RT versus No RT)

In order to determine if the positive RT-PCR results produced from primer sets for pat, ORF4, and dapA sequences were due to contaminating genomic DNA in the RNA samples, a series of reactions were run to compare results with and without first-strand cDNA synthesis (RT and No RT reactions, respectively).  If positive signals were due to the presence of genomic DNA in the total RNA samples then both the RT and No RT reactions would produce the same PCR products and if the positive signals were due exclusively to amplification of first-strand cDNA then the No RT reactions would not result in any PCR product.  Total RNA samples used in this set of experiments were the same RNA samples as used in section III, however, the RNA samples were treated with reverse transcriptase in a new first-strand cDNA synthesis reaction at the same time as the total RNA samples were treated in the No RT controls.  Thus, the first-strand cDNA samples used in the RT versus No RT PCR analysis originated from the same RNA preparations but arose from a separate RT reaction.  Results of the RT versus No RT reaction sets on total RNA isolated from developing kernels of 1507 maize and non-GM control maize are summarized in Table 3 and shown in Figures 8 through 11.  Only a subset of primer pairs (pat, ORF4 Reaction A, ORF4 Reaction B, and dapA) and a subset of total RNA samples were analyzed in the RT versus No RT series to confirm the absence of genomic DNA contamination.

RT-PCR products of the expected size (548 bp) for the pat primers were detected in the 1507 maize total RNA samples treated with RT followed by PCR with pat transcript primers and no PCR products were produced in the No RT 1507 maize RNA samples nor in the non-GM control samples, whether RT or No RT (Figure 8).  Amplification of the RT and No RT samples using ORF4 Reaction A primers (Figure 9) produced one weak band in one 1507 maize total RNA sample treated with RT (1507-9) and all other RNA samples, 1507 maize and non-GM control, were negative whether RT or No RT.  ORF4 Reaction B produced a positive PCR product of the expected size (283 bp, Figure 10) in all 1507 maize RNA samples treated with RT and negative PCR results in the No-RT 1507 maize samples and the non-GM control samples.  PCR amplification with primers for maize dapA transcript resulted in the expected product of 212 bp (Figure 11) in all 1507 maize and non-GM control RNA samples treated with RT and no PCR product was evident in the No-RT samples.

The RT-PCR versus No RT-PCR results on total RNA isolated from developing kernels of 1507 maize and non-GM control indicated that PCR products resulted from amplification of first-strand cDNA and not from amplification of contaminating genomic DNA.  No amplification product was evident in the No RT samples for all primer sets used confirming the absence of genomic DNA in the total RNA samples.  Transcript containing ORF4 sequence appeared to be at or near the limit of detection of the RT-PCR analysis as PCR products were only weakly visible for Reaction B primers and only barely detected in one sample for Reaction A primers.  

Table 1.  RT-PCR primer sets used to detect mRNA transcription from 1507 maize open reading frames

	Genetic Element
	PCR product location in 1507 maize insert 
	Expected RT-PCR product size (bp)
	Primer Pairs
	Comments 

	cry1F
	5325 – 5646 bp
	322
	02-O-303

02-O-304
	Detects transcription of cry1F gene in 1507 maize

	pat
	8083 - 8630 bp
	548
	OML1015

OML1018
	Detects transcription of pat gene in 1507 maize

	ORF3
	1986 – 2318 bp 
	333
	02-O-293

02-O-294
	Detects potential transcription of mRNA containing ORF3 sequence in 1507 maize

	ORF4
	7388 – 7560 bp
(Reaction A)
	173
	02-O-287

02-O-285
	Detects potential transcription of mRNA containing the ORF4 sequence in 1507 maize

	
	7388 – 7670 bp
(Reaction B)
	283
	02-O-287

02-O-288
	

	
	7388 - 7890 bp
(Reaction C)
	503
	02-O-287

OML1052
	

	dapA
	N/A
	212  
	02-O-307

02-O-308
	Control primer pair to detect low level mRNA in control plants and 1507 maize plants.  Fragment produced from genomic DNA is larger (~1.2 kb) due to inclusion of intron 2 in PCR product. 

	cry1F Read-through transcript
	6667 - 7304 bp

(Reaction A)
	638
	02-O-330

02-O-325
	Forward primers (02-O-330 and 02-O-343) located at 3’ end of cry1F coding sequence and reverse primers in ORF4 region.  Designed to detect read-through transcription from cry1F gene.

	
	6689 – 7370 bp

(Reaction B)
	682
	02-O-343

02-O-344
	

	
	6689 – 7670 bp

(Reaction C)
	982
	02-O-343

02-O-288
	

	
	6689 – 7890 bp

(Reaction D)
	1202
	02-O-343

OML1052
	


Table 2.   Summary of RT-PCR results on total RNA isolated from developing kernels (10 dap) shown in Figures 2 through 7 

	Total RNA Sample
	PCR Target Sequence 

	
	cry1F

(Figure 2)
	pat

(Figure 3)
	ORF3

(Figure 4)
	ORF4
	dapA

(Figure 7)

	
	
	
	
	A

(Figure 5)
	B

(Figure 6)
	

	1507-1
	+
	+
	-
	-
	+
	+

	1507-21
	-
	-
	-
	-
	-
	-

	1507-3
	+
	+
	-
	-
	-
	+

	1507-5
	+
	+
	-
	-
	-
	+

	1507-6
	+
	+
	-
	-
	-
	+

	1507-7
	+
	+
	-
	-
	+
	+

	1507-8
	+
	+
	-
	-
	+
	+

	1507-9
	+
	+
	-
	-
	+
	+

	1507-10
	+
	+
	-
	-
	-
	+

	Non-GM Control-1
	-
	-
	-
	-
	-
	+

	Non-GM Control-2
	-
	-
	-
	-
	-
	+

	Non-GM Control-3
	-
	-
	-
	-
	-
	+

	Kit RNA Control2
	-
	-
	-
	-
	-
	-

	Kit RNA Control

No RT2
	-
	-
	-
	-
	-
	-

	Non-GM Control DNA
	-
	-3
	- 3
	- 
	-3
	+ 

	1507 Genomic DNA
	+
	+
	+
	+
	+
	NA

	H2O Blank Control
	-
	-
	-
	-
	-
	-


NA – Not Assayed or Not Applicable

1. The reverse transcriptase reaction on sample 1507-2 was unsuccessful and resulted in negative results for all PCR primer pairs as shown in Figures 2 through 7.  The absence of any amplified products in this sample also indicates the successful removal of genomic DNA.

2. Amplification reaction using control RNA and control primers included in the SuperScript™ First-Strand Synthesis System for RT-PCR (Invitrogen).  The reaction is expected to produce a 500 bp product but was not successfully amplified or RT reaction was unsuccessful in this experiment.

3. No PCR product of the expected size is visible although a weak band at a different size is evident.

Table 3.   
Summary of RT-PCR results with and without first-strand cDNA synthesis reactions (RT versus No RT) on total RNA isolated from developing kernels (10 dap) shown in Figures 8 through 11 

	Total RNA Sample
	PCR Target Sequence

	
	pat

(Figure 8)
	ORF4 

Reaction A

(Figure 9)
	ORF4 

Reaction B

(Figure 10)
	dapA

(Figure 11)

	
	RT
	No

RT
	RT
	No RT
	RT
	No RT
	RT
	No RT

	1507-1
	+
	-
	-
	-
	+
	-
	+
	-

	1507-21
	+
	-
	-
	-
	+
	-
	+
	-

	1507-7
	+
	-
	-
	-
	+
	-
	+
	-

	1507-8
	+
	-
	-
	-
	+
	-
	+
	-

	1507-9
	+
	-
	+2
	-
	+
	-
	+
	-

	1507-10
	+
	-
	-
	-
	+
	-
	+
	-

	Non-GM Control-1
	-
	-
	-
	-
	-
	-
	-
	-

	H2O Blank Control
	-
	-
	-
	-
	-
	-
	NA
	NA


NA – Not Assayed or Not Applicable

1. The reverse transcriptase reaction on sample 1507-2 was successful for the RT versus No RT experiments shown in Figures 8 through 11.

2. A weak band of approximately 173 bp is visible in this sample. 

[image: image25.wmf]Eco

RI

Eco

RI

Eco

RI

Eco

RI

Eco

RI

Hin

dIII

Hin

dIII

Hin

dIII

Hin

dIII

Hin

dIII

Bam

HI

Bam

HI

Bam

HI

Bam

HI

Bam

HI

Bam

HI

35 T

pat

ORF25

8. PHI8999A homology

7a

. pat 

homology

5

.

rpo

C2 homology

6

.

trnl

or 

ubi

ZM1 homology

3. Huck

-

1 LTR homology

2. AF123535 homology

2. AF123535 homology

9. Start of PHI8999A

9. Start of PHI8999A

7b

. pat 

homology

ORF3

7c. 

cry

1F homology

4.

cry

1F homology

4.

cry

1F homology

Ubi 

P

Ubi 

Intron

cry

1F

ORF25

35S P

ORF4

13

. pat 

homology

11.

rps

12 homology

9. End of PHI8999A

9. End of PHI8999A

10

. 

ORF25

homology

12.

chloroplast genome

homology

14.

ORF241

homology

15

. 

Maize Genome

1

. 

Maize Genome

Full

-

Length Insert

5’ Region

3’ Region

02

-

O

-

293

02

-

O

-

294

02

-

O

-

304

02

-

O

-

303

02

-

O

-

285

02

-

O

-

287

02

-

O

-

288

OML1018

OML1015

OML1052

02

-

O

-

330

02

-

O

-

343

02

-

O

-

325

02

-

O

-

344


Figure 1.  Diagram of the 1507 maize insert indicating location of RT-PCR primers.


Arrows beneath the diagram of the insert indicate the two novel open reading frames, ORF3 and ORF4.  Forward and reverse primers used for RT-PCR analysis of gene transcription are indicated by bent arrows and are labeled with the associated primer names.
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Figure 2.  
Results of RT-PCR analysis on total RNA for detection of cry1F gene transcription.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of cry1F gene transcription.  (Expected PCR product size – 322 bp) 
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Figure 3.  
Results of RT-PCR analysis on total RNA for detection of pat gene transcription.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of pat gene transcription.  (Expected PCR product size – 548 bp) 
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Figure 4.  
Results of RT-PCR analysis on total RNA for detection of transcript containing ORF3 sequence.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF3 sequence.  (Expected PCR product size – 333 bp)
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Figure 5.  
Results of RT-PCR analysis on total RNA for detection of transcript containing ORF4 sequence (Reaction A).

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction A:  Expected PCR product size – 173 bp)
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Figure 6.  
Results of RT-PCR analysis on total RNA for detection of transcript containing ORF4 sequence (Reaction B).

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction B:  Expected PCR product size – 283 bp)
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Figure 7.  
Results of RT-PCR analysis on total RNA for detection of dapA gene transcription.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of dapA gene transcription. (Expected PCR product size – 212 bp for amplification from cDNA, approximately 1.2 kb for amplification from genomic DNA due to addition of intron sequences)
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Figure 8.  
Results of RT-PCR analysis with and without first-strand cDNA synthesis reactions (RT versus No RT) on total RNA isolated from developing kernels (10 dap) for detection of pat gene transcription. 

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  RT and No RT reactions were carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of pat gene transcription.  (Expected PCR product size – 548 bp)
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Figure 9.  
Results of RT-PCR analysis with and without first-strand cDNA synthesis reactions (RT versus No RT) on total RNA isolated from developing kernels (10 dap) for detection of transcript containing ORF4 sequence (Reaction A). 

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  RT and No RT reactions were carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction A:  Expected PCR product size – 173 bp)
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Figure 10.  
Results of RT-PCR analysis with and without first-strand cDNA synthesis reactions (RT versus No RT) on total RNA isolated from developing kernels (10 dap) for detection of transcript containing ORF4 sequence (Reaction B). 

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  RT and No RT reactions were carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction B:  Expected PCR product size – 283 bp)
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Figure 11.  
Results of RT-PCR analysis with and without first-strand cDNA synthesis reactions (RT versus No RT) on total RNA isolated from developing kernels (10 dap) for detection of dapA gene transcription. 

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Non-GM Control - 1 through – 3).  RT and No RT reactions were carried out on 1 - 2 g of the individual total RNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA species in the total RNA pool.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of dapA gene transcription.  (Expected PCR product size – 212 bp for amplification from cDNA, approximately 1.2 kb for amplification from genomic DNA due to addition of intron sequences)

V.  RT-PCR on mRNA samples with and without first-strand cDNA synthesis reactions (RT versus No RT)

RT-PCR analysis as described for the total RNA samples was repeated on the mRNA samples to confirm that the RT-PCR products were derived from the mRNA [poly(A)+ RNA] fraction and to potentially increase the sensitivity of the analysis by removing interference from non-poly(A)+ RNA.  RT-PCR reactions on the mRNA samples were carried out with and without first-strand cDNA synthesis (RT and No RT reactions, respectively) to eliminate the possibility of false positives due to the presence of genomic DNA in the mRNA samples.  RT and No RT reactions on a subset of total RNA samples were repeated and included in the analysis and were subjected to PCR in conjunction with the mRNA samples.  PCR was carried out on mRNA and total RNA samples (RT and No RT) using primers to detect transcript containing sequences from cry1F, pat, ORF3 and ORF4 (Reactions A, B, and C) in the 1507 maize insert.  The maize dapA primers were used to detect dapA transcript in the 1507 maize RNA samples and the non-GM control RNA samples.  Two genomic DNA samples, 1507 maize genomic DNA (40 ng) and non-GM control genomic DNA (40 ng), were also used as controls to determine if the PCR amplification reactions were successful for each primer set, particularly for primer sets that produced negative RT-PCR results.  Results of RT-PCR analysis on mRNA samples are summarized in Table 4 (cry1F, pat, ORF3, and dapA) and Table 5 (ORF4; Reactions A, B, and C) and shown in Figures 12 through 20.  

PCR amplification with primers for maize dapA transcript (Figure 12) resulted in the expected product of 212 bp in non-GM control mRNA samples with RT and in all 1507 maize mRNA samples with RT, except for the 1507 maize mRNA sample labeled as 1507-6/8 which did not undergo a successful first-strand cDNA synthesis reaction and produced negative results for all PCR primer sets.  No PCR products were evident in the No RT sample lanes indicating the absence of contaminating DNA.  A band of approximately 1.2 kb was produced in the 1507 genomic DNA sample and non-GM control genomic DNA sample due to amplification of the intron region in the genomic DNA.  Primers for cry1F (Figure 13) and pat (Figure 14) transcripts amplified products of the expected size, 322 bp and 548 bp, respectively for all 1507 maize mRNA samples with RT (except for 1507-6/8 as discussed above) and did not result in any product in the No RT 1507 mRNA samples nor in non-GM control mRNA samples, RT and No RT.  No amplification product for ORF3 sequence (Figure 15) was evident in either the 1507 maize mRNA samples (RT and No RT) or the non-GM control mRNA samples (RT and No RT) but did produce a fragment of the correct size, 333 bp, in the 1507 maize genomic DNA sample.  

Three different primer sets and two different concentrations of first-strand cDNA synthesis reactions (4 % and 8 %) were used for detection of transcript containing ORF4 sequence in mRNA samples of 1507 maize.  Reaction A for transcript containing ORF4 sequence (Figure 16) did not amplify any product in 1507 maize and non-GM control RNA samples (mRNA and total RNA, RT and No RT) but did produce a fragment of the correct size, 173 bp, in the 1507 maize genomic DNA sample.  Reaction B for transcript containing ORF4 sequence [Figure 17 (4 %) and Figure 18 (8%)] did result in a weak or nearly undetectable PCR product of the expected size (283 bp) in three of the seven 1507 maize mRNA samples that underwent successful RT reactions when 8 % of the first-strand cDNA synthesis reaction was used but no bands were detected in the reaction with 4 % of the first-strand cDNA reaction.  RT-PCR on total RNA samples with ORF4 Reaction B primers resulted in PCR products in all four 1507 maize total RNA samples at the 4 % cDNA usage rate and three of four were positive at the 8 % cDNA usage rate.  Reaction C for transcript containing ORF4 sequence [Figure 19 (4 %) and Figure 20 (8%)] did result in a weak or nearly undetectable PCR product of the expected size (503 bp) in two of the seven 1507 maize mRNA samples that underwent successful RT reactions when 8 % of the first-strand cDNA synthesis reaction was used but no bands were detected in the 4 % reaction.  RT-PCR on total RNA samples with ORF4 Reaction C primers resulted in PCR products in three of four 1507 maize total RNA samples at the 4 % cDNA usage rate and two of four were positive at the 8 % cDNA usage rate.  

The RT-PCR results on mRNA isolated from developing kernels (10 dap) of 1507 maize and non-GM control indicated that transcripts containing sequences for cry1F and pat were present in 1507 maize and, transcript containing sequences for ORF3 was not present in 1507 maize at the limit of detection of the RT-PCR analysis.  Transcript containing ORF4 sequence, was detected in some 1507 maize mRNA samples, and appeared to be at or near the limit of detection of the RT-PCR analysis as PCR products were only weakly visible in a subset of 1507 maize mRNA samples for two primer pairs and were undetectable for a third primer pair.  No ORF3 RT-PCR products were detected when mRNA and total RNA from developing kernels of 1507 maize were analyzed.  RT-PCR analysis of total RNA was more sensitive than analysis of mRNA in this system as PCR products with ORF4 primers were detected at the 4 % cDNA inclusion rate from total RNA in more 1507 maize samples and were only detected at the 8 % cDNA inclusion rate for mRNA in a few 1507 maize samples.  

VI.  RT-PCR on total RNA samples with and without first-strand cDNA synthesis reactions (RT versus No RT) to detect read-through transcript from the cry1F gene

Primer pairs were designed to detect read-through transcript from the cry1F gene into the ORF4 sequence as summarized in Table 1 (cry1F read-through transcript Reactions A through D).  The two forward primers used, 02-O-330 and 02-O-343, were located in the cry1F coding sequence, immediately upstream of the stop codon and 5’ to the polyadenylation site in the ORF25 terminator.  Three of the four reverse primers used were located within the ORF4 sequence with the fourth primer, 02-O-325, located 40 bp 5’ to the start of ORF4 sequence (Figure 1).  The four reverse primers were placed 3’ to the polyadenylation site in the ORF25 terminator.  RT and No RT reactions were carried out on two 1507 maize total RNA samples isolated from developing kernels (10 dap) and on one non-GM control maize total RNA sample using OML1052 as the primer for first-strand cDNA synthesis.  The RT and No RT reactions were repeated twice (1st RT/No RT and 2nd RT/No RT) and then analyzed independently by PCR.  Results of RT-PCR analysis for detection of cry1F read-through transcript is summarized in Table 6 and shown in Figure 21 and Figure 22.   PCR products of the predicted size based upon the primer locations were amplified for all four cry1F read-through transcript reactions (Reactions A through D) in the 1507 maize RNA samples that underwent the RT reaction.  Reaction A (Figure 21, top) resulted in a weakly detected product for the 1st RT set whereas Reaction B (Figure 21, bottom), Reaction C (Figure 22, top), and Reaction D (Figure 22, bottom) amplified PCR product for both the 1st and 2nd RT sets.  PCR products were not detected in the non-GM control RNA samples or in the No-RT reactions.  The location of the cry1F read-through transcript primers and the successful amplification of the PCR products of the predicted sizes in 1507 maize RNA samples strongly indicates that ORF4 sequence detected by RT-PCR is due to the presence of read-through transcripts from the cry1F gene.   

VII.  Limit of detection for RT-PCR analysis 

In order to estimate the limit of detection for RT-PCR analysis, known amounts of in vitro transcribed ORF4 RNA were added to a background of total RNA and subjected to RT-PCR.  The first-strand cDNA synthesis reactions on the total RNA samples spiked or not spiked with ORF4 in vitro transcribed RNA were primed with a gene specific primer, OML1052 primer (Figure 1), rather than with oligo(dT).  PCR reactions were then carried out with Reaction A, B, and C primers for ORF4.  The limit of detection experiment is summarized in Table 7 and shown in Figures 23 through 27.  The limit of detection for the ORF4 Reaction B primer set (Figures 23 and 24) was determined to be approximately 2.0 fg of target RNA per g of total RNA or 0.0000002 % of the total RNA.  The limit of detection for the ORF4 Reaction C primer set (Figures 25 and 26) was determined to be approximately 0.2 fg of target RNA per g of total RNA or 0.00000002 % of the total RNA.  The limit of detection for the ORF4 Reaction A primer set (Figure 27) was determined to be approximately 20 fg of target RNA per g of total RNA or 0.000002 % of the total RNA.  Reaction B and Reaction C were more sensitive than Reaction A as reflected in the RT-PCR results on 1507 maize RNA samples.  In general and as a conservative estimate, RT-PCR analysis is at least 100x more sensitive than mRNA northern analysis (detection of at least 20 fg of target RNA by RT-PCR versus as low as 2 pg of target RNA by mRNA northern blot hybridization).

SUMMARY AND CONCLUSIONS

Total RNA and mRNA isolated from developing maize kernels (10 days after pollination) were analyzed by RT-PCR for the presence of transcript from novel potential open reading frames in the insert and border regions of 1507 maize.  RT-PCR analysis using primers for detection of ORF3 sequence did not result in any PCR product from RT-PCR on total RNA or mRNA isolated from developing kernels of either 1507 maize or non-GM control maize, at the limit of detection of the current analysis.  The RT-PCR results indicated that PCR product could be detected from 1507 maize total RNA and mRNA when primers specific for cry1F, pat, or ORF4 were used for target amplification.  Primers for cry1F and pat amplified the expected size product from all 1507 maize RNA samples that underwent successful first-strand cDNA synthesis reactions, whereas, amplified product for ORF4 sequence was generally detected as a weak signal and was not present in all 1507 maize RNA samples; strongly dependent upon the primer sets used for ORF4 sequence amplification.  Primer pairs designed to detect read-through transcription from the cry1F gene strongly indicated that read-through transcription is the source of the amplified ORF4 sequence as evidenced by successful amplification of RT-PCR products in 1507 maize RNA samples extending from the 3’ end of the cry1F coding sequence into the ORF4 sequence.  An approximate limit of detection for the ORF4 primer sets was estimated to be in the range of 0.2 fg to 20 fg of target RNA per g of total RNA depending on the primer set used for PCR.  The estimated RT-PCR limit of detection is at least 100x more sensitive than mRNA northern analysis sensitivity (as a conservative estimate based upon LODs of 20 fg for RT-PCR analysis and 2 pg for mRNA northern analysis) and the RT-PCR conservative limit of detection determined for ORF4 primers can be roughly extrapolated to other primer sets used in this study.  

Messenger RNA northern blot analysis (see separate report) did not detect the presence of transcript for the pat gene in any of the 1507 maize mRNA samples tested in contrast to the RT-PCR results that detected pat transcript in all 1507 mRNA samples.  In addition, and as detailed in the notification, PAT protein expression was not detected in 1507 maize kernels from western blot and ELISA analyses at the relevant limits of detection of these techniques.  The combined northern, RT-PCR, western, and ELISA results on pat gene expression suggest that the pat transcript level in developing kernels of 1507 maize is between the relevant LODs for RT-PCR and northern analysis and at this mRNA level no expression of the PAT protein can be detected in 1507 maize kernels.  One could thus argue, that the RT-PCR results indicating presence of ORF4 sequence at low levels in a subset of 1507 maize RNA samples and mRNA northern results indicating the absence of detectable ORF4 transcript would not allow for any significant translation of the ORF4 sequence.  

The genetic elements immediately 5’ to the ORF4 sequence, the ORF25 PolyA terminator and the cry1F sequence, have well defined genetic functions and are not known to function as, nor have the characteristics of plant promoters making it highly unlikely that the ORF4 sequence detected by RT-PCR is a result of independent transcription of ORF4.  Furthermore, virtually all plant genes have multiple polyadenylation sites and production of mRNA populations with a variety of 3'-end points in plants, including maize, has been well documented (Rothnie, 1996; Hunt, 1994).  The location of the ORF4 sequence in the 1507 maize insert, i.e. immediately 3' to the cry1F gene would explain the presence of the ORF4 sequence in read-through transcripts containing the cry1F gene and downstream 3'-end sequence, which would be produced in a relatively very low amount in 1507 maize kernels.  Taking into account that transcription termination and polyadenylation are linked and that transcription termination may occur downstream of the polyadenylation signals, production of a very low level amount of read-through mRNA transcripts containing the ORF4 sequence would not be unexpected to occur in 1507 maize kernels and it is the most likely source of the ORF4 sequence detected by RT-PCR.  Indeed, RT-PCR analysis detected amplified product of the expected size, starting from the 3’ end of the coding sequence for cry1F and proceeding into the ORF4 sequence providing strong evidence for the presence of ORF4 sequence on a read-through transcript from the cry1F gene.  
However, the presence of ORF4 sequence on a read-through transcript from the cry1F gene would not result in translation of the ORF4 sequence given that plant translational machinery would only translate the first open reading frame on a polycistronic message, the cry1F open reading frame in this case (Futterer, J. and Hohn, T., 1996).  Any cry1F transcripts longer than full-length due to read-through transcription would either produce the Cry1F protein of the expected size or a Cry1F protein of larger size, i.e. a fusion protein.  The Cry1F protein detected in western blot analysis of 1507 maize plant tissues was present as two bands of nearly identical molecular weight, commonly referred to as a “doublet”.  The two bands corresponded to approximately 65 to 68 kDa Cry1F proteins and were detected in leaf, pollen, whole plant, and kernel tissue (Alarcon and Marshall, 2000).  This doublet results from limited N-terminal processing of maize expressed Cry1F protein by a plant protease with trypsin-like specificity and, the molecular weights of the two bands, 65 and 68 kDa, correspond to the expected sizes of the partially digested and complete Cry1F proteins, respectively.  However, no other Cry1F protein bands were observed in 1507 maize and, in particular, bands of larger molecular weight indicative of a fusion protein of greater molecular weight were not observed in 1507 maize tissues.  
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Table 4.   
Summary of RT-PCR results with and without first-strand cDNA synthesis reactions (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) shown in Figures 12 through 15  
	Sample
	PCR Target Sequence

	
	dapA

(Figure 12)
	cry1F

(Figure 13)
	pat

(Figure 14)
	ORF3

(Figure 15)

	
	RT
	No RT
	RT
	No RT
	RT
	No RT
	RT
	No RT

	1507-1 mRNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-2 mRNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-3 mRNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-5 mRNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-6/8 mRNA1
	-
	-
	-
	-
	-
	-
	-
	-

	1507-7 mRNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-9 mRNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-10 mRNA
	+
	-
	+
	-
	+
	-
	-
	-

	Control-1 mRNA
	+
	-
	-
	-
	-
	-
	-
	-

	Control-2 mRNA
	+
	-
	-
	-
	-
	-
	-
	-

	Control-3 mRNA
	+
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	-

	1507-1 total RNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-2 total RNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-7 total RNA
	+
	-
	+
	-
	+
	-
	-
	-

	1507-9 total RNA
	+
	-
	+
	-
	+
	-
	-
	-

	Control-1 total RNA
	+
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	

	Control DNA
	+
	NA
	-
	NA
	-2
	NA
	-
	NA

	1507 DNA
	+
	NA
	+
	NA
	+
	NA
	+
	NA

	H2O Blank Control
	-
	NA
	-
	NA
	-
	NA
	-
	NA


NA – Not Assayed or Not Applicable

1.  
The reverse transcriptase reaction on sample 1507-6/8 was unsuccessful and resulted in negative results for all PCR primer sets.  The absence of any amplified products in this sample also indicates the successful removal of genomic DNA.  RNA was prepared from kernels from two individual plants; plants number 6 and number 8.

2.  
Sample contained bands of the same size and smaller than the band seen in 1507 maize—probably due to cross-contamination of DNA sample used.
Table 5.    Summary of RT-PCR results on mRNA isolated from developing kernels (10 dap) shown in Figures 16 through 20
	Sample
	ORF4

Reaction A

2 l cDNA

(Figure 16)
	ORF4

Reaction B

2 l cDNA

(Figure 17)
	ORF4

Reaction B

4 l cDNA

(Figure 18)
	ORF4

Reaction C

2 l cDNA

(Figure 19)
	ORF4

Reaction C

4 l cDNA

(Figure 20)

	
	RT
	No RT
	RT
	No RT
	RT
	No RT
	RT
	No RT
	RT
	No RT

	1507-1 mRNA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1507-2 mRNA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1507-3 mRNA
	-
	-
	-
	-
	+
	-
	-
	-
	-
	-

	1507-5 mRNA
	-
	-
	-
	-
	-
	-
	-
	-
	+
	-

	1507-6/8 mRNA1
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	1507-7 mRNA
	-
	-
	-
	-
	-
	-
	-
	-
	+
	-

	1507-9 mRNA
	-
	-
	-
	-
	+
	-
	-
	-
	-
	-

	1507-10 mRNA
	-
	-
	-
	-
	+
	-
	-
	-
	-
	-

	Control-1 mRNA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Control-2 mRNA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	Control-3 mRNA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	-
	
	
	
	

	1507-1 total RNA
	-
	-
	+
	-
	+
	-
	-
	-
	+
	-

	1507-2 total RNA
	-
	-
	+
	-
	+
	-
	+
	-
	-
	-

	1507-7 total RNA
	-
	-
	+
	-
	-
	-
	+
	-
	+
	-

	1507-9 total RNA
	-
	-
	+
	-
	+
	-
	+
	-
	-
	-

	Control-1 total RNA
	-
	-
	-
	-
	-
	+3
	-
	-
	-
	+3

	
	
	
	
	
	
	
	
	
	
	

	Control DNA
	-
	NA
	-2
	NA
	-
	NA
	-
	NA
	-
	NA

	1507 DNA
	+
	NA
	+
	NA
	+
	NA
	+
	NA
	+
	NA

	H2O Blank Control
	-
	NA
	-
	NA
	-
	NA
	-
	NA
	-
	NA


NA – Not Assayed or Not Applicable

1.  Reverse transcriptase reaction unsuccessful for this sample.  RNA prepared from kernels from two individual plants, plants number 6 and number 8.

2.  Low molecular weight band present.

3.  Unexpected positive result, likely due to cross-contamination.

Table 6.    Summary of RT-PCR results with and without first-strand cDNA synthesis reactions (RT versus No RT) on total RNA isolated from developing kernels (10 dap) shown in Figures 21 and 22  

	Sample
	cry1F Read-Through Transcription PCR

	
	Reaction A

(Figure 21)
	Reaction B

(Figure 21)
	Reaction C

(Figure 22)
	Reaction D

(Figure 22)

	
	RT
	No RT
	RT
	No RT
	RT
	No RT
	RT
	No RT

	1507-3 
	+1
	-
	+
	-
	+
	-
	+
	-

	1507-5 
	+1
	-
	+
	-
	+
	-
	+
	-

	Control-2 
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	

	Control DNA
	-
	NA
	-
	NA
	-
	NA
	-
	NA

	1507 DNA
	+
	NA
	+
	NA
	+
	NA
	+
	NA

	H2O Blank Control
	-
	NA
	-
	NA
	-
	NA
	-
	NA


NA – Not Assayed or Not Applicable

1.  
Very weak positive signal in one RT sample for each 1507 maize sample as seen in lanes 2 and 3 of Figure 21.

Table 7.    Summary of Limit of Detection Assays for ORF4 shown in Figures 23 through 27 

	Sample
	ORF4

Reaction B

(Figure 23)
	ORF4

Reaction B

(Figure 24)
	ORF4

Reaction C

(Figure 25)
	ORF4

Reaction C

(Figure 26)
	ORF4

Reaction A

(Figure 27)

	
	RT
	No RT
	RT
	No RT
	RT
	No RT
	RT
	No RT
	RT
	No RT

	20 pg ORF4 transcript per g total RNA
	+
	-
	NA
	NA
	+
	-
	NA
	NA
	NA
	NA

	2 pg ORF4 transcript per g total RNA
	+
	-
	NA
	NA
	+
	-
	NA
	NA
	NA
	NA

	0.2 pg ORF4 transcript per g total RNA
	+
	-
	+
	-
	+
	-
	+
	-
	+
	-

	0.02 pg ORF4 transcript per g total RNA
	+
	-
	+
	-
	+
	-
	+
	-
	+ (limit)
	-

	2.0 fg ORF4 transcript per g total RNA
	NA
	NA
	+ (limit)
	-
	NA
	NA
	+
	-
	-
	-

	0.2 fg ORF4 transcript per g total RNA
	NA
	NA
	-
	-
	NA
	NA
	+ (limit)
	-
	-
	-

	0.02 fg ORF4 transcript per g total RNA
	NA
	NA
	-
	-
	NA
	NA
	-
	-
	-
	-

	0 pg ORF4 transcript per g totRNA
	-
	+1
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	
	
	

	1507-3 total RNA
	+
	-
	+
	-
	-2
	-
	+
	-
	+
	-

	1507-5 total RNA
	+
	-
	+
	-
	-2
	-
	+
	-
	+
	-

	Control-2 total RNA
	-
	-
	-
	-
	-
	-
	-
	-
	-
	-

	
	
	
	
	
	
	
	
	
	
	

	Control DNA
	-
	NA
	-
	NA
	-
	NA
	-
	NA
	-
	NA

	1507 DNA
	+
	NA
	+
	NA
	+
	NA
	+
	NA
	+
	NA

	H2O Blank Control
	-
	NA
	-
	NA
	-
	NA
	-
	NA
	-
	NA


NA – Not Assayed or Not Applicable

1. Cross contamination likely in PCR set-up.

2.  Unexpected negative result, positive in all other cases.
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 12. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of dapA transcription.

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of dapA gene transcription.  (Expected PCR product size – 212 bp for amplification from cDNA, approximately 1.2 kb for amplification from genomic DNA due to addition of intron sequences)
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 13. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of cry1F gene transcription.

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of cry1F gene transcription.  (Expected PCR product size – 322 bp)
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 14. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of pat gene transcription.

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of pat gene transcription.  (Expected PCR product size – 548 bp)
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 15. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of transcript containing ORF3 sequence.

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF3 sequence.  (Expected PCR product size – 333 bp)
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 16. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of transcript containing ORF4 sequence (Reaction A).

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction A:  Expected PCR product size – 173 bp)
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 17. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of transcript containing ORF4 sequence (Reaction B).

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction B:  Expected PCR product size – 283 bp)
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 18. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of transcript containing ORF4 sequence (Reaction B).

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 8 % of the RT reaction (4 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction B:  Expected PCR product size – 283 bp)
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 19. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of transcript containing ORF4 sequence (Reaction C).

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction C:  Expected PCR product size – 503 bp)
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Lane assignments

	Lane
	Sample
	+/- RT
	
	Lane
	Sample
	+/- RT

	1
	100 bp ladder 
	
	
	21
	100 bp ladder 
	

	2
	1507-1 mRNA
	RT
	
	22
	1507-10 mRNA
	No RT

	3
	1507-2 mRNA
	RT
	
	23
	Control - 1 mRNA
	No RT

	4
	1507-3 mRNA
	RT
	
	24
	Control - 2 mRNA
	No RT

	5
	1507-5 mRNA
	RT
	
	25
	Control - 3 mRNA
	No RT

	6
	1507- 6/8 mRNA
	RT
	
	26
	1507-1 total RNA
	RT

	7
	1507-7 mRNA
	RT
	
	27
	1507-2 total RNA
	RT

	8
	1507-9 mRNA
	RT
	
	28
	1507-7 total RNA
	RT

	9
	1507-10 mRNA
	RT
	
	29
	1507-9 total RNA
	RT

	10
	Control - 1 mRNA
	RT
	
	30
	Control - 1 total RNA
	RT

	11
	Control - 2 mRNA
	RT
	
	31
	1507-1 total RNA
	No RT

	12
	Control - 3 mRNA
	RT
	
	32
	1507-2 total RNA
	No RT

	13
	1507-1 mRNA
	No RT
	
	33
	1507-7 total RNA
	No RT

	14
	1507-2 mRNA
	No RT
	
	34
	1507-9 total RNA
	No RT

	15
	1507-3 mRNA
	No RT
	
	35
	Control - 1 total RNA
	No RT

	16
	1507-5 mRNA
	No RT
	
	36
	100 bp ladder 
	

	17
	1507- 6/8 mRNA
	No RT
	
	37
	Control DNA
	

	18
	1507-7 mRNA
	No RT
	
	38
	1507 DNA
	

	19
	1507-9 mRNA
	No RT
	
	39
	H2O blank
	

	20
	100 bp ladder 
	
	
	40
	100 bp ladder 
	


Figure 20. Results of RT-PCR analysis with and without first-strand cDNA synthesis reaction (RT versus No RT) on mRNA and total RNA isolated from developing kernels (10 dap) for detection of transcript containing ORF4 sequence (Reaction C).

Total RNA and mRNA were isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-1 through –10) and from non-GM control (Control - 1 through – 3).  First-strand cDNA synthesis (RT) reaction was carried out on 1 - 2 g of the individual total RNA samples or 20 – 30 ng of mRNA samples using oligo(dT) as the primer by binding to poly(A)+ tails of mRNA.  PCR analysis was run using 8 % of the RT reaction (4 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction C:  Expected PCR product size – 503 bp)
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Lane assignments

	Lane
	Description
	
	Lane
	Description

	1
	1 Kb DNA ladder 
	
	21
	1 Kb DNA ladder 

	2
	1507-3 total RNA 1st RT
	
	22
	1507-3 total RNA 1st RT

	3
	1507-5 total RNA 1st RT
	
	23
	1507-5 total RNA 1st RT

	4
	Control - 2 total RNA 1st RT
	
	24
	Control - 2 total RNA 1st RT

	5
	1507-3 total RNA 1st No RT
	
	25
	1507-3 total RNA 1st No RT

	6
	1507-5 total RNA 1st No RT
	
	26
	1507-5 total RNA 1st No RT

	7
	Control - 2 total RNA 1st No RT
	
	27
	Control - 2 total RNA 1st No RT

	8
	1507-3 total RNA 2nd RT
	
	28
	1507-3 total RNA 2nd RT

	9
	1507-5 total RNA 2nd RT
	
	29
	1507-5 total RNA 2nd RT

	10
	Control - 2 total RNA 2nd RT
	
	30
	Control - 2 total RNA 2nd RT

	11
	1507-3 total RNA 2nd No RT
	
	31
	1507-3 total RNA 2nd No RT

	12
	1507-5 total RNA 2nd No RT
	
	32
	1507-5 total RNA 2nd No RT

	13
	Control - 2 total RNA 2nd No RT
	
	33
	Control - 2 total RNA 2nd No RT

	14
	Control DNA
	
	34
	Control DNA

	15
	1507 DNA
	
	35
	1507 DNA

	16
	H2O blank
	
	36
	H2O blank

	17
	1 Kb DNA ladder
	
	37
	1 Kb DNA ladder

	18
	Blank
	
	38
	Blank

	19
	Blank
	
	39
	Blank

	20
	Blank
	
	40
	Blank


Figure 21. Results of RT-PCR analysis to detect read-through transcription from the cry1F gene.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-3 and 1507-5) and from non-GM control (Control - 2).  First-strand cDNA synthesis (RT) reactions were carried out on total RNA samples using OML1052 as the gene specific primer.  The RT and No RT reactions were repeated twice and are labeled as 1st RT/No RT and 2nd RT/No RT.  PCR analysis was run using 4 % of the RT reaction (2 l) with Platinum® Taq High Fidelity (Invitrogen) and primers for detection of cry1F read-through transcription.  (Top gel, lanes 1 through 17 - cry1F read-through transcript Reaction A:  Expected PCR product size – 638 bp)  (Bottom gel, lanes 21 through 37 - cry1F read-through transcript Reaction B:  Expected PCR product size – 682 bp)
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Lane assignments

	Lane
	Description
	
	Lane
	Description

	1
	1 Kb DNA ladder 
	
	21
	1 Kb DNA ladder 

	2
	1507-3 total RNA 1st RT
	
	22
	1507-3 total RNA 1st RT

	3
	1507-5 total RNA 1st RT
	
	23
	1507-5 total RNA 1st RT

	4
	Control - 2 total RNA 1st RT
	
	24
	Control - 2 total RNA 1st RT

	5
	1507-3 total RNA 1st No RT
	
	25
	1507-3 total RNA 1st No RT

	6
	1507-5 total RNA 1st No RT
	
	26
	1507-5 total RNA 1st No RT

	7
	Control - 2 total RNA 1st No RT
	
	27
	Control - 2 total RNA 1st No RT

	8
	1507-3 total RNA 2nd RT
	
	28
	1507-3 total RNA 2nd RT

	9
	1507-5 total RNA 2nd RT
	
	29
	1507-5 total RNA 2nd RT

	10
	Control - 2 total RNA 2nd RT
	
	30
	Control - 2 total RNA 2nd RT

	11
	1507-3 total RNA 2nd No RT
	
	31
	1507-3 total RNA 2nd No RT

	12
	1507-5 total RNA 2nd No RT
	
	32
	1507-5 total RNA 2nd No RT

	13
	Control - 2 total RNA 2nd No RT
	
	33
	Control - 2 total RNA 2nd No RT

	14
	Control DNA
	
	34
	Control DNA

	15
	1507 DNA
	
	35
	1507 DNA

	16
	H2O blank
	
	36
	H2O blank

	17
	1 Kb DNA ladder
	
	37
	1 Kb DNA ladder

	18
	Blank
	
	38
	Blank

	19
	Blank
	
	39
	Blank

	20
	Blank
	
	40
	Blank


Figure 22. Results of RT-PCR analysis to detect read-through transcription from the cry1F gene.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-3 and 1507-5) and from non-GM control (Control - 2).  First-strand cDNA synthesis (RT) reactions were carried out on total RNA samples using OML1052 as the gene specific primer.  The RT and No RT reactions were repeated twice and are labeled as 1st RT/No RT and 2nd RT/No RT.  PCR analysis was run using 4 % of the RT reaction (2 l) with Platinum® Taq High Fidelity (Invitrogen) and primers for detection of cry1F read-through transcription.  (Top gel, lanes 1 through 17 - cry1F read-through transcript Reaction C:  Expected PCR product size – 982 bp)  (Bottom gel, lanes 21 through 37 - cry1F read-through transcript Reaction D:  Expected PCR product size – 1202 bp)
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Lane assignments

	Lane
	Description
	
	Lane
	Description

	1
	1 Kb DNA ladder 
	
	21
	1 Kb DNA ladder 

	2
	1507-3 total RNA
	
	22
	Control DNA

	3
	1507-5 total RNA
	
	23
	1507 DNA

	4
	Control - 2 total RNA
	
	24
	H2O blank

	5
	20 pg ORF4 transcript per g total RNA
	
	25
	1 Kb DNA ladder

	6
	2.0 pg ORF4 transcript per g total RNA
	
	
	

	7
	0.2 pg ORF4 transcript per g total RNA
	
	
	

	8
	0.02 pg ORF4 transcript per g total RNA
	
	
	

	9
	0 pg ORF transcript per g total RNA
	
	
	

	10
	20 pg ORF4 transcript per g total RNA (test with another RNA prep)
	
	
	

	11
	No RT — 1507-3 total RNA
	
	
	

	12
	No RT — 1507-5 total RNA
	
	
	

	13
	No RT — Control - 2 total RNA
	
	
	

	14
	No RT — 20 pg ORF4 transcript per g total RNA
	
	
	

	15
	No RT — 2.0 pg ORF4 transcript per g total RNA
	
	
	

	16
	No RT — 0.2 pg ORF4 transcript per g total RNA
	
	
	

	17
	No RT — 0.02 pg ORF4 transcript per g total RNA
	
	
	

	18
	No RT — 0 pg ORF4 transcript per g total RNA
	
	
	

	19
	No RT — 20 pg ORF4 transcript per g total RNA (test with another RNA prep)
	
	
	

	20
	1 Kb DNA ladder 
	
	
	


Figure 23. Results of RT-PCR analysis to determine limit of detection (LOD) for ORF4 Reaction B primer set.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-3 and 1507-5) and from non-GM control (Control - 2).  Non-GM control total RNA was spiked with the indicated amounts of in-vitro transcribed ORF4 RNA.  First-strand cDNA synthesis (RT) reaction was carried out on total RNA samples spiked with the indicated amounts of ORF4 in vitro transcribed RNA using OML1052 as the primer.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction B:  Expected PCR product size – 283 bp)
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Lane assignments

	Lane
	Description
	
	Lane
	Description

	1
	1 Kb DNA ladder 
	
	21
	1 Kb DNA ladder 

	2
	0.2 pg ORF4 transcript per g total RNA
	
	22
	Control DNA

	3
	0.02 pg ORF4 transcript per g total RNA
	
	23
	1507 DNA

	4
	2.0  fg ORF4 transcript per g total RNA
	
	24
	H2O blank

	5
	0.2 fg ORF4 transcript per g total RNA
	
	25
	1 Kb DNA ladder

	6
	0.02 fg ORF4 transcript per g total RNA
	
	
	

	7
	0 pg ORF4 transcript per g total RNA
	
	
	

	8
	1507-3 total RNA
	
	
	

	9
	1507-5 total RNA
	
	
	

	10
	Control - 2 total RNA
	
	
	

	11
	No RT -- 0.2 pg ORF4 transcript per g total RNA
	
	
	

	12
	No RT -- 0.02 pg ORF4 transcript per g total RNA
	
	
	

	13
	No RT – 2.0 fg ORF4 transcript per g total RNA
	
	
	

	14
	No RT -- 0.2f g ORF4 transcript per g total RNA
	
	
	

	15
	No RT -- 0.02f g ORF4 transcript per g total RNA
	
	
	

	16
	No RT – 0 pg ORF4 transcript per g total RNA
	
	
	

	17
	No RT -- 1507-3 total RNA
	
	
	

	18
	No RT -- 1507-5 total RNA
	
	
	

	19
	No RT – Control - 2 total RNA
	
	
	

	20
	1 Kb DNA ladder 
	
	
	


Figure 24. Results of RT-PCR analysis to determine limit of detection (LOD) for ORF4 Reaction B primer set.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-3 and 1507-5) and from non-GM control (Control - 2).  Non-GM control total RNA was spiked with the indicated amounts of in-vitro transcribed ORF4 RNA.  First-strand cDNA synthesis (RT) reaction was carried out on total RNA samples spiked with the indicated amounts of ORF4 in vitro transcribed RNA using OML1052 as the primer.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction B:  Expected PCR product size – 283 bp)
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Lane assignments

	Lane
	Description
	
	Lane
	Description

	1
	1 Kb DNA ladder 
	
	21
	1 Kb DNA ladder 

	2
	1507-3 total RNA
	
	22
	Control DNA

	3
	1507-5 total RNA
	
	23
	1507 DNA

	4
	Control - 2 total RNA
	
	24
	H2O blank

	5
	20 pg ORF4 transcript per g total RNA
	
	25
	1 Kb DNA ladder

	6
	2.0 pg ORF4 transcript per g total RNA
	
	
	

	7
	0.2 pg ORF4 transcript per g total RNA
	
	
	

	8
	0.02 pg ORF4 transcript per g total RNA
	
	
	

	9
	0 pg ORF transcript per g total RNA
	
	
	

	10
	20 pg ORF4 transcript per g total RNA (test with another RNA prep)
	
	
	

	11
	No RT — 1507-3 total RNA
	
	
	

	12
	No RT — 1507-5 total RNA
	
	
	

	13
	No RT — Control - 2 total RNA
	
	
	

	14
	No RT — 20 pg ORF4 transcript per g total RNA
	
	
	

	15
	No RT — 2.0 pg ORF4 transcript per g total RNA
	
	
	

	16
	No RT — 0.2 pg ORF4 transcript per g total RNA
	
	
	

	17
	No RT — 0.02 pg ORF4 transcript per g total RNA
	
	
	

	18
	No RT — 0 pg ORF4 transcript per g total RNA
	
	
	

	19
	No RT — 20 pg ORF4 transcript per g total RNA (test with another RNA prep)
	
	
	

	20
	1 Kb DNA ladder 
	
	
	


Figure 25. Results of RT-PCR analysis to determine limit of detection (LOD) for ORF4 Reaction C primer set.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-3 and 1507-5) and from non-GM control (Control - 2).  Non-GM control total RNA was spiked with the indicated amounts of in-vitro transcribed ORF4 RNA.  First-strand cDNA synthesis (RT) reaction was carried out on total RNA samples spiked with the indicated amounts of ORF4 in vitro transcribed RNA using OML1052 as the primer.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction C:  Expected PCR product size – 503 bp)
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Lane assignments

	Lane
	Description
	
	Lane
	Description

	1
	1 Kb DNA ladder 
	
	21
	1 Kb DNA ladder 

	2
	0.2 pg ORF4 transcript per g totRNA
	
	22
	Control DNA

	3
	0.02 pg ORF4 transcript per g totRNA
	
	23
	1507 DNA

	4
	2.0  fg ORF4 transcript per g totRNA
	
	24
	H2O blank

	5
	0.2 fg ORF4 transcript per g totRNA
	
	25
	1 Kb DNA ladder

	6
	0.02 fg ORF4 transcript per g totRNA
	
	
	

	7
	0 pg ORF4 transcript per g totRNA
	
	
	

	8
	1507-3 total RNA
	
	
	

	9
	1507-5 total RNA
	
	
	

	10
	Control - 2 total RNA
	
	
	

	11
	No RT -- 0.2 pg ORF4 transcript per g total RNA
	
	
	

	12
	No RT -- 0.02 pg ORF4 transcript per g total RNA
	
	
	

	13
	No RT – 2.0 fg ORF4 transcript per g total RNA
	
	
	

	14
	No RT -- 0.2f g ORF4 transcript per g total RNA
	
	
	

	15
	No RT -- 0.02f g ORF4 transcript per g total RNA
	
	
	

	16
	No RT – 0 pg ORF4 transcript per g total RNA
	
	
	

	17
	No RT -- 1507-3 total RNA
	
	
	

	18
	No RT -- 1507-5 total RNA
	
	
	

	19
	No RT – Control - 2 total RNA
	
	
	

	20
	1 Kb DNA ladder 
	
	
	


Figure 26. Results of RT-PCR analysis to determine limit of detection (LOD) for ORF4 Reaction C primer set.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-3 and 1507-5) and from non-GM control (Control - 2).  Non-GM control total RNA was spiked with the indicated amounts of in-vitro transcribed ORF4 RNA.  First-strand cDNA synthesis (RT) reaction was carried out on total RNA samples spiked with the indicated amounts of ORF4 in vitro transcribed RNA using OML1052 as the primer.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction C:  Expected PCR product size – 503 bp)
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Lane assignments

	Lane
	Description
	
	Lane
	Description

	1
	1 Kb DNA ladder 
	
	21
	1 Kb DNA ladder 

	2
	0.2 pg ORF4 transcript per g totRNA
	
	22
	Control DNA

	3
	0.02 pg ORF4 transcript per g totRNA
	
	23
	1507 DNA

	4
	2.0  fg ORF4 transcript per g totRNA
	
	24
	H2O blank

	5
	0.2 fg ORF4 transcript per g totRNA
	
	25
	1 Kb DNA ladder

	6
	0.02 fg ORF4 transcript per g totRNA
	
	
	

	7
	0 pg ORF4 transcript per g totRNA
	
	
	

	8
	1507-3 total RNA
	
	
	

	9
	1507-5 total RNA
	
	
	

	10
	Control - 2 total RNA
	
	
	

	11
	No RT -- 0.2 pg ORF4 transcript per g total RNA
	
	
	

	12
	No RT -- 0.02 pg ORF4 transcript per g total RNA
	
	
	

	13
	No RT – 2.0 fg ORF4 transcript per g total RNA
	
	
	

	14
	No RT -- 0.2f g ORF4 transcript per g total RNA
	
	
	

	15
	No RT -- 0.02f g ORF4 transcript per g total RNA
	
	
	

	16
	No RT – 0 pg ORF4 transcript per g total RNA
	
	
	

	17
	No RT -- 1507-3 total RNA
	
	
	

	18
	No RT -- 1507-5 total RNA
	
	
	

	19
	No RT – Control - 2 total RNA
	
	
	

	20
	1 Kb DNA ladder 
	
	
	


Figure 27. Results of RT-PCR analysis to determine limit of detection (LOD) for ORF4 Reaction A primer set.

Total RNA was isolated from developing kernels (10 dap) harvested from ears from individual plants of 1507 maize (1507-3 and 1507-5) and from non-GM control (Control - 2).  Non-GM control total RNA was spiked with the indicated amounts of in-vitro transcribed ORF4 RNA.  First-strand cDNA synthesis (RT) reaction was carried out on total RNA samples spiked with the indicated amounts of ORF4 in vitro transcribed RNA using OML1052 as the primer.  PCR analysis was run using 4 % of the RT reaction (2 l) and primers for detection of transcript containing ORF4 sequence.  (ORF4 Reaction A:  Expected PCR product size – 173 bp)
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