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In the Quarter, my research was focused on stress tests on the transgenic plants and Quantitative RNA (real time PCR ).  Patricia Bordallo participated most of the research works. These activities are discussed as following.

A. Stress tests on transgenic plants

A1. Introduction

The productivity of crops is greatly affected by biotic and abiotic stress factors. The environmental stress is the major cause of the difference between the record yield and the average yield. In corn, drought, salinity and non-opitimal temperatures and other environmental stresses accounts for 89.9% of the yield loss (Boyer, 1982). Genetic improvement of stress tolerance of corn has a high priority.

In the quarter, we did drought and cold tolerance test on the npk1 transgenic maize plants generated by biolistic gun transformation and agro-bacterium-mediated transformation. The purpose for research is to determine whether the constitutive expression of npk1 gene on maize will enhance the stress tolerance of maize. 

A2.  Material and method

Drought tolerance test: Transgenic events A4-1, A4-2, A4-9, P84-12, P84-26, P84-39 with check, hybrid Hi II were tested for drought tolerance. Fifty seeds per events were germinated in green-house.  Two-week old seedlings were screened for the herbicide resistant by spraying 200mg/L glufosinate (Liberty®).  PCR analysis was conducted on the herbicide-positive seedlings to be sure the existence of npk1 transgene.  PCR primers and reactions were described in Sylvia’s 1st Quarter Report of year 2000. Ten confirmed transgenic seedlings per events were transplanted into big pots and divided into two treatments: well-watered treatment (WW) and drought stress treatment (DS). For the WW treatment, plants were maintained at 100% field capacity  (FC) whereas plants in DS treatment were maintained at 25% FC.   FC measure was followed the protocol described by Samarah (2000). 

Plants were started WW and DS treatments at V4 stage (Iowa State University, 1997). In the experiment, leaf apparent photosynthesis rate (A), stomatal conductance (gs), transpiration rate (E) were measured at mid-day for the third leaves from the top of the canopy using a Licor 6200 Phytosynthesis System (LI-COR, Inc., Lincoln, NE). Measurements were taken on day 17, 24, 31, and 38 after V4 stage. Vegetative and reproductive developmental stage of each plant was recorded.  Hand-pollination with same source of Hi II pollen was conducted for the ears in the silk emerging day and the following day to ensure the pollination.  The yield of each plant in the experiment will be measured. 

Cold tolerant test:  Transgenic events A4-1, A4-2, A4-9, P84-12, P84-26, P84-34, P84-44, P84-55 and check B73 and Hi II were germinated in growth chamber under cold condition.  Conditions in the growth chamber were set at 14h with light at 120C and 10h without light at 80C. Fifty kernels per events were planted in trays with ??? soil.  Seed emergence and seedling growth rates of individual kernel were recorded. Meanwhile, the transgenic seedlings were identified by PCR analysis. 

A3. Results

Both cold and drought experiments have not finished yet. We will present the experimental results in the next quarterly report.

B. Using real-time PCR to detect transgene expression at RNA level and copy number of transgene

B1. Introduction

Copy number of transgene and the expression of transgene at RNA level are very important for  transgenic researches.  Southern analysis is the common method to detect copy number of transgene where as Northern analysis is used to measure the amount and size of transcript of transgene. Both traditional methods have their limitation. Copy number could be counted clearly when copy number of transgene is less than ten. However when more than twenty copies exist which is quite common in the transgenic events generated from biolistic gun method, it is very difficult to count the copy number. Northern analysis can not detect the lower expression due to its low sensitivity (Bustin, 2000). 

Real-time PCR is a powerful advancement of the conventional  PCR technique. The starting amount of DNA in the real-time PCR reaction can be detected by using fluorescent detection strategies.  The quantitative PCR method could been used in gene expression studies when the cDNA samples from reverse-transcription  (RT) are used, and copy number of transgene can be detected when genomic DNA from transgenic plants. Our goals for the experiment include: 1). Compare the efficiency o f real-time PCR with Southern and Northern analysis in copy number study and gene expression analysis. 2). Determine the relative amount of transcripts of npk1 transgenic events.  3) Compare the level of npk1transcripts between  the transgenic events generated by biolistic- gun method and agrobacterium-mediated method. 4) Determining the change pattern of the level of npk1 transcripts from generation to generation. 

Real-time PCR uses specific fluorescent oligonucleotide probes to monitoring the PCR reaction processing. We used TaqMan assay which captitalizes on the 5’ exonuclease activity of Taq polymerase to cleave a labeled hybridization probe during the extension phase of PCR  (Holland et al. 1991). The detail rationale was described by Boeckman (Application note 2568, Bio-Rad).

2. Material and method

Material

R1 seeds from transgenic events A4-1, A4-2, A4-3, A4-5, A4-6, A4-7, A4-8, A4-9, A4-10, and A4-13 generated by agrobacterium-mediated, R1, R2 And R3 seeds from P84-12, P84-26, P84-34, P84-39, P84-44, P84-46, P84-49, P84-50, P84-54, and P84-55 generated by biolistic-gun transformation method were planted and screened for the transformants by PCR.  The PCR positive plants were used for RNA isolation.

R1 PCR positive plants from events A4-1, A4-2, A4-3, A4-4, A4-5, A4-7, A4-8, A4-9, A4-10, A4-13, P84-12, P84-26, P84-34, P84-39, P84-44, P84-46, P84-49, P84-50, P84-54, and P84-55 were planted for DNA isolation.

Primers and Probes design

In our experiment, we need two sets of primer and probes for npk1 gene and internal control 18S ribosomal RNA gene. First step for the primer and probe design, we need to find the suitable template region which is 75-150 bp long and does not have significant secondary structure.  We analyzed secondary structure with the DNA mfold server of Dr. Michael Zuker at:

 http://www.bioinfo.math.rpi.edu/~mfold/dna/form1.cgi
After we found the good template regions for both npk1 gene and internal control 18S ribosomal RNA gene, we designed primers and probes by using Primer3's design program at:

http://www-genome.wi.mit.edu/cgi-bin/primer/primer3_www.cgi
The final products of primers and probes are listed as followed:

npk1 gene left primer: ctctcccatcccaacatag

npk1 gene right primer: gagccaccaggaacaaat

npk1 gene probe: 5’-/6-FAM/cctgctctcttgcagttcccaaatatc/3BHQ-1/-3’

18S ribosomal RNA gene left primer: acgaacaactgcgaaagc

18S ribosomal RNA gene right primer: cggcatcgtttatggttg

18S ribosomal RNA gene probe: 5’-/56-TAMN/aggacggtatctgatcgtcttcgagcc/3BHQ-2/-3’

FAM, TARMN, 3BHQ-1 and  3BHQ-2 refers to 6-carboxy-fluorescein, the carboxylic acid of Tetramethylrhodamine, Black Hole Quencer 1TM, and Black Hole Quencer 2TM, respectively. 

Genomic DNA isolation

Leaf genomic DNA was prepared from two to three grams of fresh leaf tissue using CTAB (cetytrimethylammonium bromide) method, as described by Murray  et al (1980).

cDNA preparing

Total RNA were isolated from leaf tissues of transgenic plants and non-tenaformed B73 using Gibco/BRL TRIzol reagent (LIFE Technologies, Rockville, Maryland, USA) according to the manufacture’s instructions. RNA concentration was measured by spectrophotometer. 1(g of RNA from each of the samples were treated by DNase I and reverse-transcribed using Gibco/BRL SuperScript II RNase H- Reverse transcriptase according to manufacture’s instructions. The above right primers for both npk1 gene and 18S Ribosomal RNA gene were served as primers for the reverse transcription.

Real-time PCR conditions

We used pSHX04 and pW18S1.2 plasmid DNA to set up standard curve for npk1 gene and internal control 18S ribosomal RNA gene, respectively. PCR reaction was set up as followed: 

	Component
	Stock concentration
	Amount per reaction ((l)
	Final concentration

	Buffer (without MgCl2)
	10X
	2.5
	1X

	MgCl2
	50mM
	1.5
	3mM

	dNTP
	10mM
	1.25
	0.5uM

	Right primer
	5(M
	2
	4(M

	Left primer
	5(M
	2
	4(M

	Probe
	5(M
	1
	2(M

	Platinum Taq
	5 units
	0.25
	1.25unit

	H2O
	
	
	13.5(l

	Total volume
	
	
	25(l


PCR condition was set as followed: 950C for 3 minutes, 40 cycles of 950C for 30 seconds followed by 550C for 45 seconds. 

B3. Results

Using Real-time RT-PCR to detect the level of npk1 transcripts

The amounts of npk1 transcripts from the transgenic maize DNA and the amount of the internal control 18S RNA were read separately for each of the sample. The final relative amount of RNA were be calculated by dividing the amount of RNA by the amount of 18SRNA in each of the sample. The row data was listed in Table 1and the final relative amount of RNA. was shown in Table 2 and Figure 1, 2. 

The expression of transgene at RNA level differs from event to event, generation to generation (Table 2). In average, events from agrobacterium-mediated transformation has higher expression than evens from biolistic gun transformation (Figure 2). The transgene expression level decreases with the increase of generation. The expression levels of each events have correlation among different generations . The correlation coefficients between R1 and R2 generation, R2 to R3 generation for the biolistic-gun events are  0.62 and 0.8049, respectively. 

Comparing the real-time PCR results with our Northern analysis results, we could see that the results are match each other although many of transgenic events did not show in the Northern blots because of its relatively lower sensitivity (Figure3).  Our conclusion is that real-time RT-PCR could detect gene expression accurately with higher sensitivity comparing with Northern analysis. It is a good method to study the gene expression at RNA level in transgenic research.

Using Real-time PCR to detect the copy number of npk1 transformants

The amounts of npk1 DNA from the transgenic maize DNA and the amount of the internal control 18S RNA were read separately for each of the transgenic genomic DNA samples. The final relative amount of RNA were be calculated by dividing the amount of RNA by the amount of 18SRNA in each of the sample. The row data was listed in Table 3 and the final relative amount of RNA. was shown in Table 4 and Figure 4.  Both Southern blot result and real-time PCR results showed that transgenic events generated from agrobacterium-mediated transformation have less copy number of transgene than the transgenic events from Biolistic gun. The results from these two different methods are match.  Our conclusion for  the experiment is that the copy number of transgene can’t be read by real-time PCR.  
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