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In the Quarter, my research was focused on stress tests on the transgenic plants and Quantitative RNA (real time PCR).  Crystal Cordes, supported by NSF REU program from Dana College, NE joined me and participated the freezing and chilling tolerance test.  Patricia Bordallo helped me with the field work and soybean drought experiment.  These activities are discussed as following. Crystal’s experiment result is being presented in separated section.

A. Stress tests  (Shou H and Bordallo P.)

A1. Results of maize drought experiment

We conducted drought test on four transgenic maize lines and its negative control Hi II. Drought stress (25% of field capacity) was stared from V4 stage of the maize plants.  Agronomic traits, including developmental stages, leaf numbers, days to maturity, plant height and seed yield and physiological indicators, including photosynthetic rates, stomatal conductance were recorded. Material and methods were described in detail in last quarterly report. The results of the experiment are as followed.

A1.1 Effect of drought stress on morphological traits 

1. Final Leaf number

Final leaf number of maize plants was calculated in the drought experiment. We observed that transgenic maize increased their total leaf number to complement their loss due to drought stress under drought condition whereas non-transgenic check (Hi II) did not (Figure 1 and Table 1).  Table 1 showed that there is no significant difference between the left number of transgenic plants and non-transgenic plants under well-watered condition.  However, under drought condition the four transgenic lines have more leaf number than non-transgenic check (Hi II). The leaf numbers of transgenic lines A4-2 and P84-12 are significantly higher than Check under drought condition.  The leaf number of A4-2 line was significantly increased when it went through drought stress. 

2. Days to maturity 

Drought stress delayed the maturity of both transgenic and non-transgenic maize plants (Figure 2).  Transgenic lines delayed their maturity with average of 13.6 days, slight more than Check plants that delayed 11 days due to drought stress (Table 2).

3. Seed weight and size

Seed number and weight of both transgenic and Hi II under both well-watered and drought condition were measured. We observed the seed yields of transgenic plants under drought condition were higher than those under well-watered condition (Table 3) with the average yield increase of 14.87%, whereas the yield of non-transgenic Check Hi II decreased for 46.64%.  The better seed setting of transgenic lines under drought condition is the main reason for the increase of yield (Table 4). Because the factors of environmental condition and pollen viability during hand-pollination affects the seed set a lot, we could not exclude the yield increasing was due to these experimental errors.

Seed size of both transgenic and non-transgenic plants decreased by drought treatment except line A4-1 whose seed size is slight large than its well-watered counterpart (Figure 3, Table 3). The seed weight of non-transgenic plant Hi II has the largest decrease, 46.13%, whereas the average seed size decrease of the four transgenic lines was 20.15%. Under drought condition, seeds of transgenic line A4-1 set were slight higher than that set under well-watered condition. The constitutively expression of npk1 gene protected the maize plants from the drought at certain degree.

A1.2 Effect of drought stress on leaf apparent photosynthetic rate

Transgenic plant did not differ in leaf apparent photosynthetic rate from non-transgenic check Hi II significantly under well- watered condition (Table 6). The average leaf apparent photosynthetic rate for transgenic plants over the four lines is 17.5 (mol/m2S, slight less than 17.97(mol/m2S in Hi II. However, when plants went through drought stress, transgenic plants were able to run photosynthesis, its average photosynthetic rate was 14.78 (mol/m2S, significantly higher than Hi II’s 9.53 (mol/m2S (p<0.01). The reducing of leaf apparent photosynthetic rates of the transgenic lines A4-1, A4-2 and A4-9 at none-significant level (p>0.17, 0.33 and 0.69, respectively). The leaf apparent photosynthetic rates of transgenic lines P84-12 and non-transgenic check Hi II were reduced significantly by the drought stress (Table 6). 

Combining with transgene expression data (Table 7), we found that the photosynthetic performances of the transgenic lines were correlated with their relative amount of mRNA from the transgene npk1. The transgenic lines A4-9 having highest photosynthetic rates under drought condition had the highest RNA level of the transgene. The relative amounts of mRNA of npk1 is 2023 times higher than the lowest expresser R3 P84-12 transgenic. The lowest expresser P84-12 transgenic plants do not have significant difference with Hi II in the performance of photosynthetic under drought condition. We conclude that the expression of npk1 gene in maize protected the photosynthetic machinery under drought stress which could be the reason why drought did not caused severe loss on the yield components of the transgenic lines.

A2. Soybean drought experiment

A2.1 Material and Methods

R1 seeds of transgenic lines St14-1, St14-2 and St14-6 created by Agrobacterium-mediated cotyledon transformation and their non-transgenic check Throne was tested for drought tolerance in the greenhouse. Fifty seeds per lines were germinated and the two-week old seedlings were screened for transgenic by PCR reaction. PCR primers and reactions were described in Sylvia’s 1st Quarter Report of year 2000. Twenty confirmed transgenic seedlings per lines 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 R1 stage (Fehr and Caviness, 1977). In the experiment, leaf apparent photosynthetic rate (A), stomatal conductance (gs) were measured at mid-day for the third leaves from the top of the canopy using a Licor 6200 Photosynthesis System (LI-COR, Inc., Lincoln, NE). Measurements were taken on day 7, 14, 21, 28, 35 and 42 days after R1 stage.  The phenotypic data of each plant in the experiment will be measured after the plants reach their maturity.

A2.2 Effect of drought on apparent photosynthetic rate in transgenic soybean

Transgenic soybean St14-1, St14-2 and st14-6 did not differ in leaf apparent photosynthetic rate from non-transgenic Check Throne significantly under well- watered condition (Table 8). The average leaf apparent photosynthetic rate for transgenic plants over the three transgenic lines is 13.23 (mol/m2S, slight higher than 13.14(mol/m2S in non-transgenic check Throne. When plants went through drought stress, the leaf apparent photosynthetic rates of both transgenic and non-transgenic plants were significantly lower than those under well-water condition. Under drought condition, the average photosynthetic rate of transgenic plants was 6.37(mol/m2S, was marginally higher than Throne’s 5.37 (mol/m2S  (p<0.14). Transgenic line ST14-1 had significant higher photosynthetic rate than Throne. 

B.  npk1 expression at RNA  level  among the transformants produced by Agro-bacterium-mediated transformation (Shou H., Frame, B.)

B1. Introduction

Serving as an important genetic tool in germplasm development and biological researches, maize transformation technology has been improved rapidly since the first fertile transgenic maize was produced in 1990 (Gordon-Kamm, et al., 1990).  Biolistic transformation has served as a dominant transformation method in maize in the past two decades. Recently Agrobacterium tumefaciens-mediated transformation has been reported to use in maize successfully (Ishhida et al., 1996; Zhao et al., 1998; Frame et al, 2002).  Agrobacterium-mediated maize transformation  was considered as a better alternative than the biolistic gun system (Frame et al, 2002) because of low-copy number. Zhao et al (1998) compared the advantages of transformants produced from Agrobacterium maize transformation using super binary vector with those from biolistic gun. They observed the Agrobacterium transformation produced higher proportion of low copy transformants and higher GUS expression level. Here we compare the copy number and transgene expressions of maize transformants produced from Agrobacterium transformation using binary vector system and bombardment.  

The transgene studied originally from tobacco, the protein products of the gene were not stable enough to be detected by Western blot. Therefore, we used Real-time RT-PCR to study the npk1 gene expression. The mechanism, experimental methods of Real-time RT-PCR were described in the last Quarterly report. In the Quarterly, we planted all twenty-four of the transgenic events from Agrobacterium maize transformation to study their RNA expression. We chose two PCR positive plants per events to read their npk1 mRNA amount. The results were followed

B2.  Agrobacterium transformants had higher transgene expression

We studied the npk1 mRNA level of all twenty-four Agrobacterium transgenic lines. The final result was listed in Table 9. The Agrobacterium transformants have higher expression level with average of 1539 times more than the lowest expresser P84-55 comparing with the gun transgenic lines that had the average of 230.4. Transgenic events were grouped into higher expresser, medium expresser and low expresser according to the relative amount of transgene RNA (Table 10). In the Agrobacterium transgenic events, 45.45% of the transgenic are high expresser, 50% of them are medium expresser and 4.55% of them are low expresser. Among of the transgenic events produced from biolistic gun transformation, none of them were high expressers, whereas 77.78% are medium expressers and 22.22% of them are low expressers.

We will evaluate the npk1 gene expression in the second generation of Agrobacterium transformants.

Reference:

1. Boeckman, F. Hamby, K., and Tan L. The iCycler iQ Detection System for TaqMan Assays. Application Note 2568, Bio-Rad. 

2. Bustin, S.A. 2000. Absolute quantification of mRNA using real-time reverse transcription polymerase chain reaction assays. Journal of Molecular Endocrinology. 25: 169-193.

3. Fehr, W.R. and C.E. Caviness. 1977. Stages of soybean development. Coop. Ext. Serv., Iowa State Univ., Spec. Rep. No. 53. 
4. Frame, B., Zhang, H., Cocciolone, S., Sidorenko, L., Dietrich, C., Pegg, E., Zhen, S., Schnable, P., Wang, K. 2000 Production of transgenic maize from bombarded type II callus: Effect of gold particle size and callus morphology on transformation efficiency.  In Vitro Cell. & Devel. Biol. – Plant. 36:1-9.

5. Frame, B., Shou, H., Chikwamba, R., Zhang, Z., Xiang, C., Fonger, T., Pegg, S., Li, B., Nettleton, D., Pei, D., and Wang K. 2002. Agrobacterium tumefaciens-Mediated Transformation of Maize Embryos Using a Standard Binary Vector System 
Plant Physiol. 129: 13-22. 

6. Iowa State University of Science and Technology cooperative Extension service. 1997. How a corn Plant Develops. Special report No. 48.

7. Kovtun, Y., Chiu, W. L., Zeng, W. & Sheen, J. 1998. Suppression of auxin signal transduction by a MAPK cascade in higher plants. Nature. 395, 716-720

8. Kovtun, Y., Chiu, W-L., Tena, G., Sheen, J. (2000).  Functional analysis of oxidative stress-activated mitogen-activated protein kinase cascade in plants.  PNAS, 97:2940-2945.

9. Zhao ZY, Gu W, Cai T, Tagliani LA, Hondred DA, Bond D, Krell S, Rudert ML, Bruce WB, Pierce DA (1998) Molecular analysis of T0 plants transformed by Agrobacterium and comparison of Agrobacterium-mediated transformation with bombardment transformation in maize. Maize Genet Coop Newslett 72: 34-37

10. Samarah. N. H. 2000. Soybean yield, yield components, seed quality, dehydrin-like proteins, soluble sugars, and mineral nutrients in response to drought stress imposed prior to severe stress. Thesis (Ph.D.)--Iowa State University, Ames, IA. P. 64-65.



















