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NORTHERN 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, mRNA [poly(A)+ RNA] isolated from developing kernels (10 days after pollination) was analyzed by northern blotting techniques for the presence of transcripts expressed from the cry1F and pat genes, and from the ORF3 and ORF4 sequences.  Messenger RNA isolated from developing kernels of 1507 maize, and non-GM control maize was separated on agarose gels, blotted onto nytran membranes and hybridized with probes corresponding to ORF3, ORF4, cry1F, and pat sequences.  In order to confirm mRNA extraction efficiency and integrity and to verify equal gel loadings, the mRNA samples were hybridized to a maize dapA gene probe.  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.

The northern results indicated that only full-length transcript from the cry1F gene expression cassette was detected in the mRNA fraction of the developing kernels when hybridized to the cry1F probe.  No hybridization signals were visible in the mRNA samples isolated from developing kernels of either 1507 maize or the non-GM control plants when probed with the pat gene probe, the ORF3 sequence probe, or the ORF4 sequence probe.  The results indicated that the potential transcripts of ORF3 and ORF4 were not present in the developing kernels of 1507 maize at the limit of detection of the mRNA northern analysis. 

RESULTS AND DISCUSSION

I.  Extraction of mRNA [poly(A)+ RNA] from developing maize kernels 

Prior to initiation of northern blot 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 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 and the mRNA [poly(A)+ RNA] fraction was subsequently isolated using NucleoTrap mRNA Kit (Clontech).  Following extraction the mRNA was quantified using RiboGreen RNA Quantitation Kit (Molecular Probes) and a microplate spectrofluorometer.  The mRNA samples were electrophoretically separated and blotted onto Schleicher & Schuell Nytran SuPerCharge membranes for hybridization to DIG (digoxigenin, DIG-11-dUTP) labeled RNA [Roche DIG RNA Labeling Kit(Sp6/T7)] or DNA probes (Roche PCR DIG Probe Synthesis Kit).  

II.  Northern analysis of the ORF3 sequence in the border region 5’ to the almost full-length insert 

In the border region 5’ to the almost full-length insert of 1507 maize, a potential open reading frame, ORF3, extends from base 1896 to base 2648 [753 bp (including stop codon), 250 amino acid residues] (Figure 1).  DNA sequence homology results from the 5’ border region indicate that ORF3 includes 121 bp of the partial cry1F gene, a 321 bp partial maize chloroplast rpoC2 gene, a 17 bp partial maize chloroplast trnI gene, 201 bp of the forward pat gene fragment, and 93 bp of the complementary pat gene sequence, including the stop codon.  In order to determine if this potential ORF3 sequence is transcribed, 400 ng of mRNA from developing kernels (10 days after pollination) of 1507 maize was analyzed for the presence of ORF3 transcript by northern blot analysis (Figure 2).  The mRNA northern blots were hybridized with an RNA probe containing a 296 bp fragment of the maize chloroplast rpoC2 gene in ORF3 (Figure 1, Table 1).  The RNA probe used was complementary to the potential transcript from the ORF3 region.  When hybridized to the rpoC2 RNA probe for analyzing ORF3 expression, no hybridization signals were detected in the mRNA samples from developing kernels in either 1507 maize or the non-GM control maize (Figure 2). 

To determine the limit of detection of the mRNA northern blot analysis using the rpoC2 RNA probe, unlabeled rpoC2 RNA, in the direction of potential ORF3 transcription, was expressed in vitro, quantified and used as a positive control on northern blots.  A dilution series of the unlabeled rpoC2 RNA in a background of non-GM control RNA (5 g total RNA) indicated that the rpoC2 RNA probe could detect ORF3 transcript levels as low as 5 pg.  Based upon the dilution series experiment positive controls containing 5 pg and 10 pg (Figure 2, lanes 12 and 13, respectively) of unlabeled rpoC2 RNA were included on the ORF3 mRNA northern in a background of non-GM control leaf mRNA (400 ng) and both the 5 pg and 10 pg quantities were detected following hybridization with the rpoC2 RNA probe.  Thus, the mRNA northern analysis for potential ORF3 expression was capable of detecting ORF3 mRNA molecules present at least as low as 0.00125 % of the mRNA fraction as a conservative estimate [(5 pg unlabeled ORF3 control RNA/400 ng mRNA analyzed) x 100 % = 0.00125 %].  These northern results suggest that if any transcription from the potential open reading frame, ORF3, occurs in 1507 maize kernels then it is below 0.00125 % of the mRNA fraction.

III.  Northern analysis of ORF4 extending from the ORF25 polyA terminator to the CaMV35S promoter in the almost full-length insert 

A potential open reading frame, ORF4, of 633 bp, including the stop codon (210 amino acid residues), was identified in the almost full-length insert of 1507 maize.  The ORF4 sequence spans part of the ORF25 polyA terminator (141 bp), adjacent polylinker sequence (56 bp), and part of the CaMV35S promoter sequence (436 bp) (Figure 1).  This potential ORF4 sequence is also present in the PHI8999A linear DNA fragment used in the transformation of 1507 maize.  To determine if a transcript is produced from ORF4, 400 ng of the same mRNA preparations that were used for northern analysis of ORF3 were tested by northern blot hybridization (Figure 3) using an RNA probe containing 503 bp of the ORF4 sequence (Figure 1, Table 1).  The RNA probe used was complementary to the potential transcript from the ORF4 sequence.  When hybridized to the ORF4 RNA probe for analyzing ORF4 transcription, no hybridization signals were detected in the mRNA samples from developing kernels in either 1507 maize or the non‑GM control maize (Figure 3).  
In order to determine the limit of detection of the mRNA northern blot analysis using the ORF4 RNA probe, unlabeled ORF4 RNA, in the direction of potential ORF4 transcription, was expressed in vitro, quantified and used as a positive control on northern blots.  A dilution series of the unlabeled ORF4 RNA in a background of non-GM control RNA (5 g total RNA) indicated that the ORF4 RNA probe could detect ORF4 transcript levels as low as 2 pg.  Based upon the dilution series experiment positive controls containing 2 pg and 5 pg (Figure 3, lanes 11 and 12, respectively) of unlabeled ORF4 RNA were included on the ORF4 mRNA northern in a background of non-GM control leaf mRNA (400 ng) and both the 2 pg and 5 pg quantities were detected following hybridization with the ORF4 RNA probe.  Thus, the mRNA northern analysis for potential ORF4 transcription was capable of detecting ORF4 mRNA molecules present at least as low as 0.0005 % of the mRNA fraction [(2 pg unlabeled ORF4 control RNA/400 ng mRNA analyzed) x 100 = 0.0005 %].  These northern results suggest that if transcription is occurring in 1507 maize from the potential open reading frame, ORF4, then it is below 0.0005 % of the mRNA fraction.

IV.  Northern analysis of cry1F and pat gene expression on mRNA isolated from developing kernels

An mRNA northern blot hybridized to the cry1F probe (DNA probe, Figure 1, Table 1) was used to confirm the integrity of the isolated mRNA samples and to verify the identity of the mRNA samples, either 1507 maize mRNA or non-GM control maize mRNA.  The same mRNA samples (200 ng) used for the ORF3 and ORF4 analyses were tested using the cry1F probe.  When hybridized with the cry1F probe no hybridization signal was detected in the non-GM control maize samples, but a strong hybridization band of the expected size for the cry1F gene transcript appeared in the 1507 maize samples (Figure 4).  The cry1F hybridization signal was approximately equal in all 1507 maize samples and produced a single strong band indicating that the mRNA samples were equally loaded and contained non-degraded mRNA.  

The cry1F probe is also capable of hybridizing to any potential transcript from the ORF3 sequence as the ORF3 sequence includes 121 bp of sequence homologous to the cry1F probe.  No band of the expected minimum size for ORF3 (753 b) was evident on the cry1F northern blot analysis (Figure 4) and only a single hybridizing band of the expected size for expression of the full-length cry1F gene transcript was detected.  This provides further evidence for the absence of transcription from the potential open reading frame, ORF3. 

A similar mRNA northern blot experiment was completed using a pat RNA probe (Figure 1, Table 1).  There were no visible hybridization signals in the mRNA samples (400 ng) prepared from developing kernels of 1507 maize or from the non-GM control maize using the pat RNA probe.  However, a hybridization band was observed in an mRNA (200 ng) sample isolated from leaf tissue and previously shown to be positive for expression of pat transcript (Figure 5).  These northern blot results show that pat gene transcript is not detected in mRNA isolated from developing kernels of 1507 maize and, if present, is below the limit of detection of mRNA northern blot analysis.  In addition and as detailed in the notification, the absence of pat gene transcript in developing kernels of 1507 maize is also consistent with the results obtained from western blot and ELISA analyses which show that no PAT protein is expressed in 1507 maize kernels at the relevant limits of detection of these techniques.

V.  Northern analysis of dapA gene expression on mRNA isolated from developing kernels

In order to confirm mRNA extraction efficiency, mRNA integrity, and to verify approximate equal sample loadings, the northern blot shown in Figure 3 (hybridized to ORF4 RNA probe) was stripped and re-hybridized to a maize dapA gene probe (RNA probe; Table 1).  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 (0.009 % of the mRNA fraction in kernels and 0.003 % of the mRNA fraction in leaf tissue).  (Unpublished data on maize dapA gene expression 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.)  Hybridization to the dapA RNA probe, complementary to dapA transcript, was used to provide evidence that the mRNA extraction method was capable of isolating low level mRNA species from the total RNA pool to maximize the sensitivity of the mRNA northern analysis.  In addition, hybridization to the maize dapA probe provided an indication of mRNA sample integrity (lack of degradation) and a visualization of approximate mRNA sample quantities loaded per lane.  

Hybridization to the maize dapA RNA probe resulted in two bands appearing as a doublet of approximately 1500 bases.  Figure 6 shows the results of hybridization to the dapA RNA probe.  The dapA hybridizing doublet is clearly visible in all mRNA samples isolated from 1507 maize and non-GM control indicating that the mRNA isolation was successful for low level mRNA species and produced mRNA of high quality for all samples analyzed.  Quantities of mRNA loaded were not exactly equal in all lanes, however, the dapA hybridization signal indicated that most lanes contained approximately equal quantities of mRNA.  ORF3 and ORF4 positive control lanes, lane 11 and lane 12, still maintained the ORF4 hybridization signal that was not removed in the stripping procedure (DIG labeled RNA probes generally remain bound to the target RNA during the stripping procedure and are detected in subsequent hybridization and detection experiments).  A dapA hybridization signal was not visible in the positive control lanes (lanes 11 and 12) suggesting that the dapA transcript level in the leaf mRNA samples is at or below the limit of detection for the dapA probe.  The stained photograph of the agarose gel prior to blotting and use for ORF4 probe and pat probe hybridization experiments is shown in Figure 7 and clearly detects approximately equal quantities of mRNA samples loaded per lane including the leaf mRNA samples in lanes 11 and 12. 
SUMMARY AND CONCLUSIONS

Potential transcription from novel open reading frames in the insert and border regions of 1507 maize insert was analyzed by northern blotting techniques on mRNA samples isolated from developing maize kernels (10 days after pollination).  Northern analysis using RNA probes to detect potential transcription from the ORF3 and ORF4 sequences did not result in any hybridization signals in mRNA isolated from developing kernels of either 1507 maize or non-GM control maize, at the limit of detection of the current analysis.  The limit of detection for the ORF3 transcript was estimated to be 0.00125 % of the mRNA fraction and for the ORF4 transcript the limit of detection was estimated to be 0.0005 % of the mRNA fraction.  The northern results indicated that only full-length transcript from the cry1F gene expression cassette was detected in the mRNA fraction of the developing kernels when hybridized to the cry1F probe; and, pat gene expression in developing kernels was below the limit of detection of this analysis as evidenced by the absence of hybridization signal in 1507 maize with the pat RNA probe.  Messenger RNA extraction efficiency, mRNA integrity, and the consistency of sample loadings were confirmed by hybridization signals to the maize dapA gene probe in 1507 maize and non-GM control mRNA samples.  In summary, this study indicates that the two potential open reading frames, ORF3 and ORF4, are not expressed as unique mRNA transcripts in the 1507 maize at the limit of detection of the mRNA northern analysis.

Table 1.  Description of probes used in northern blot analysis of 1507 maize 

	Genetic Element
	Probe  location

in PHI8999A

(bp to bp)
	Probe  location in 1507 maize insert

(bp to bp)
	RNA or DNA Probe
	Probe Size1
(bp)

	cry1F
	2528 – 3507
	5347 – 6326
	DNA
	980

	pat
	5516 – 5825
	8335 – 8644
	RNA
	310

	ORF3
	N/A
	2023 – 2318
	RNA
	296

	ORF4
	4569 – 5071
	7388 – 7890
	RNA
	503

	dapA
	N/A
	N/A
	RNA
	575


1. The actual RNA probe sizes are larger than the sizes indicated in the table.  Sizes in the table represent the region homologous to the targeted genetic element; however, in producing RNA probes 100 to 130 additional bases are added onto the probe from the in vitro transcription vector

.
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Figure 1.  Diagram of the 1507 maize insert indicating location of probes used for northern blots.

Arrows beneath the diagram of the insert indicate the two novel open reading frames, ORF3 and ORF4.  Probes used for northern blot analysis are indicated as rectangular boxes beneath the diagram.  The ORF3, ORF4, and pat probes used were RNA probes complementary to their respective transcripts or potential transcripts and the cry1F probe was a double stranded DNA probe. 
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	Non-GM Control (leaf) + 10 pg ORF3 transcipt + 5 pg ORF4 transcript

	4
	1507-2
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Figure 2:  Northern blot analysis on mRNA isolated from developing kernels of 1507 maize – rpoC2 RNA probe for analyzing ORF3 expression.  

Messenger RNA was isolated from developing kernels from individual plants of 1507 maize and non-GM control and analyzed by northern blot analysis using the rpoC2 RNA probe for analyzing ORF3 expression.  Samples in gel lanes are described in the above table and each lane contains 400 ng of the listed mRNA sample.  Unlabeled ORF3 transcript produced in vitro and used as a positive control is expected to run at approximately 409 bases.  Potential transcript expressed from ORF3 in 1507 maize would be expected to have a minimum size of 753 bases.

*  mRNA sample 1507-6/8 was prepared from developing kernels from two individual 1507 maize plants; 1507-6 and 1507-8. 
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Figure 3:  Northern blot analysis on mRNA isolated from developing kernels of 1507 maize – ORF4 RNA probe for analyzing ORF4 expression.  

Messenger RNA was isolated from developing kernels from individual plants of 1507 maize and non-GM control and analyzed by northern blot analysis using the ORF4 RNA probe for analyzing ORF4 expression.  Samples in gel lanes are described in the above table and each lane contains 400 ng of the listed mRNA sample.  Unlabeled ORF4 transcript produced in vitro and used as a positive control is expected to run at approximately 625 bases.  Potential transcript expressed from ORF4 in 1507 maize would be expected to have a minimum size of 633 bases.

*  mRNA sample 1507-6/8 was prepared from developing kernels from two individual 1507 maize plants; 1507-6 and 1507-8. 
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Figure 4:  Northern blot analysis on mRNA isolated from developing kernels of 1507 maize – cry1F DNA probe. 

Messenger RNA was isolated from developing kernels from individual plants of 1507 maize and non-GM control and analyzed by northern blot analysis using the cry1F DNA probe for analyzing cry1F expression.  Samples in gel lanes are described in the above table and each lane contains 200 ng of the listed mRNA sample.  Transcript expressed from the cry1F gene in 1507 maize would be expected to have a minimum size of 1818 bases and the actual message appears to run at approximately 2500 bases.

*  mRNA sample 1507-6/8 was prepared from developing kernels from two individual 1507 maize plants; 1507-6 and 1507-8. 
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Figure 5:  Northern blot analysis on mRNA isolated from developing kernels of 1507 maize– pat RNA probe. 

Messenger RNA was isolated from developing kernels from individual plants of 1507 maize and non-GM control and analyzed by northern blot analysis using the pat RNA probe for analyzing pat expression.  Samples in gel lanes are described in the above table and each lane contains 400 ng of the listed mRNA sample except for lanes 15 and 16 whose quantities are listed in the table.  Transcript expressed from the pat gene in 1507 maize would be expected to have a minimum size of 552 bases and the actual message appears to run at approximately 900 bases in the mRNA leaf sample.

*  mRNA sample 1507-6/8 was prepared from developing kernels from two individual 1507 maize plants; 1507-6 and 1507-8. 
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Figure 6:  Northern blot analysis on mRNA isolated from developing kernels of 1507 maize – dapA RNA probe. (Blot was previously hybridized to ORF4 RNA Probe) 

Messenger RNA was isolated from developing kernels from individual plants of 1507 maize and non-GM control and analyzed by northern blot analysis using the dapA RNA probe for analyzing dapA expression.  Samples in gel lanes are described in the above table and each lane contains 400 ng of the listed mRNA.  Transcript expressed from the dapA gene would be expected to have a minimum size of 1142 bases and the actual message appears to run at approximately 1500 bases.  The ORF4 hybridization signals in lanes 11 and 12 remain from the preceding hybridization with the ORF4 RNA probe.

*  mRNA sample 1507-6/8 was prepared from developing kernels from two individual 1507 maize plants; 1507-6 and 1507-8. 
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Figure 7:  Stained gel of mRNA isolated from developing kernels of 1507 maize and non-GM control prior to northern blottting.
Stained mRNA samples on gel used for northern blot analysis probed with the ORF4 probe shown in Figure 3 then subsequently stripped and re-hybridized with the dapA probe shown in Figure 6.  Samples in lanes 3 through 10 and 13 through 15 contain 400 ng of mRNA isolated from developing kernels from individual plants of 1507 maize and non-GM control as listed in the above table.  Samples in lanes 11 and 12 contain 400 ng of mRNA isolated from leaf tissue plus the added unlabeled ORF3 and ORF4 transcript amounts indicated in the table above.

*  mRNA sample 1507-6/8 was prepared from developing kernels from two individual 1507 maize plants; 1507-6 and 1507-8.

























































































































