


fragments with sizes that add to 1.3 kbp. This suggests 

there are EcoR1 restriction sites within the NIa gene 

sequence of these two WSMV isolates. Table 2 shows the 

nucleotide sequence alignment of the Nla gene for each of 

the three WSMV strains in this study. At base #267, a 

'GAATTC' sequence is present in the H88 and H94PM sequence 

but is not found in the PV57 NIa sequence. This helps to 

explain the band positions in figure 12. With an EcoR1 

restriction site at base #267, there should be two bands 

(1000 bp and 260 bp) present in H88 and H94PM. 

This nucleotide sequence difference is an example of 

biological variation of the NIa gene. The two WSMV isolates 

with the EcoR1 restriction site were isolated at Hays, KS, 

while PV57 is considered to be the type specimen of WSMV. 

There is also biological variation among the three strains 

with regards to host reservoirs. H94PM was isolated from 

pearl millet whereas H88 and PV57 are unable to infect pearl 

millet. It is unknown at this time whether NIa activity 

plays any role in host specificity for WSMV. 

Sequence analysis of the Nla gene 

Primers used during RT-PCR were designed to recognize 

nucleotide sequence sites at both ends of the NIa gene. 

However, these primers, when used for determination of 

nucleotide sequence, yielded less than optimal results. 
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Reliable sequence lasted approximately 200-300 bases from 

each primer, leaving much of the sequence between the 

primers unknown. During phone conversations with 

technicians at the DNA sequencing facility at Iowa State 

University, it was learned that occasionally oligonucleotide 

primers that worked for the PCR do not work in the 

sequencing reaction. No further explanation was offered by 

the technicians other than to try again. 

Reliable nucleotide sequence for the complete NIa gene 

was obtained when the NIa gene was sent for sequencing 

ligated in pCR®II-TOPO plasmid DNA. The genetic map of the 

pCR®II-TOPO plasmid DNA (Figure 7) shows a "T7" promoter 

site upstream and an "Sp6" promoter site downstream from the 

insertion site of the NIa gene. The DNA Sequencing Facility 

at ISU maintained primers that recognized these promoter 

sites in the pCR®II-TOPO plasmid DNA. Each primer 

initiated nucleotide sequence in opposite directions 

(upstream and downstream from the NIa gene) and yielded 

positive sequence results for approximately 600-700 bases in 

either direction. A custom-designed oligonucleotide primer 

that will base-pair with the sequence in the middle of the 

NIa gene was also used as a midway primer. 

Each nucleotide sequence was identified by base 

similiarity using two on-line sequence databases: 
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[http://dot.irngen.bcm.tmc.edu] and 

[http://www.ncbi.nlrn.nih.gov] . The sequence from each 

primer for all WSMV strains was most compatible with WSMV­

Sidney 81 genome starting at base #5424. Experimental 

sequences were compared with the published WSMV sequence in 

order to determine the length and position of nucleotide 

overlaps. 

The nucleotide sequence initiating from the T7 promoter 

site was the "plus" strand of DNA while the sequence 

initiating from the Sp6 promoter site was the reverse 

complement of the "plus" strand. The nucleotide sequence 

initiating from the custom-designed primer was also the 

"plus" strand of DNA. Sequences from the T7 and Sp6 

promoter sites overlapped with the sequence from the middle 

primer and provided sufficient data to determine the 

nucleotide sequence of the complete NIa gene for each WSMV 

isolate. 

Nucleotide sequence alignment of all isolates showed an 

overall 97.3% base similarity. One notable difference was 

the presence of an EcoR1 restriction site in the NIa gene 

sequence found in H88 and H94PM although this did not affect 

the functionality of the NIa gene. The ubiquity of the 

sequence should increase the probability that a genetically­

engineered inhibitor gene would be effective on several 
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different isolates of WSMV. The number of different WSMV 

strains in nature is unknown. This study focused on only 

three WSMV strains. Additional effort would have to be 

invested before there could be a high degree of confidence 

that NIa genes from all WSMV isolates have similar 

nucleotide sequences. 
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CHAPTER 5
 

SUMMARY 

Wheat streak mosaic virus is an economically 

significant pathogen of wheat in Kansas. Over the last 22 

years, WSMV has been responsible for a 2.01% average 

reduction in yield statewide. Wheat breeders are constantly 

looking for lines of wheat that offer natural resistance to 

WSMV. Resistance to WSMV could also be achieved if the mode 

of virion replication was disrupted. This project is the 

beginning of a larger project that will attempt to develop a 

method of disrupting the virion replication cycle by 

genetically engineering a gene that will inhibit the 

polyprotein cleavage action of protease genes such as NIa. 

The NIa protease gene is one of several replicase genes 

found in potyviruses that cleave the polyprotein at certain 

sites which then allows for viral replication. 

Before such a protease inhibitor gene can be 

genetically engineered, basic information about the genetics 

of the NIa gene in WSMV must be obtained. Three different 

strains of WSMV were used in this project. The NIa protease 

gene from each strain was isolated and amplified using peR. 

The NIa protease gene from each virus strain was cloned in 

TOP10F' E. coli cells by ligation of the NIa protease gene 
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into pCR@II-TOPO plasmid DNA. Nucleotide sequences of each 

NIa protease gene were obtained by sending purified pCR@II­

Tapa plasmid DNA to the DNA Sequencing Facility at Iowa 

State University. Attempts to sequence the PCR product were 

unsuccessful. Returned nucleotide sequences were screened 

for most probable identity using on-line genetic screening 

sites. All returned nucleotide sequences matched some 

portions of the complete WSMV-Sidney 81 genome. Significant 

nucleotide sequence similarity of the NIa protease genes 

from the three different WSMV isolates was determined by 

assessing the nucleotide sequence alignment. Of the 2.7% 

nucleotide differences among the three nucleotide sequences, 

it is unknown how many are silent differences. This will be 

determined by performing an amino acid sequence alignment 

with the three NIa sequences. It is predicted that the 

amino acid sequence difference will be less than the 

nucleotide sequence difference making the three NIa genes 

even more genetically similar. 

It is hoped that these findings will allow a NIa 

protease inhibitor to function on all isolates of WSMV, 

although this is by no means an all inclusive study of 

nucleotide sequence similarity of NIa genes from all WSMV 

isolates. It is also unknown as to the degree of nucleotide 

similarity necessary for a NIa protease inhibitor to 
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APPENDIX
 

STOCK SOLUTIONS OF BUFFERS AND MEDIA 

DEPC-treated water 

2 mL diethyl pyrocarbamate per liter of H20 

Let stand for 24 hours and then autoclaved 

ethidium bromide (10 mg / mL) 

Dissolve 0.2 9 ethidium bromide in 20 mL of H20 

Mix well and store at 5 C in dark 

IPTG (100 roM) 

Dissolve 238 mg of IPTG in 10 mL H20 

Filter-sterilize and store in 1 mL aliquots at -20 C 

(Do not autoclave) 

loading buffer for RNA gels 

5 mL glycerol
 

20 mg bromophenol blue
 

20 mg xylene cyanol
 

Mix and add H20 to 10 mL
 

loading buffer for DNA gels 

18 mL H20
 

50 mg xylene cyanol
 

1.25 mL 0.50 M EDTA 

3.75 9 Ficoll (Type 400-DL)
 

Mix and add H20 to 25 mL
 

Filter-sterilize
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Luria-Bertani (LB) Medium (pH 7.0) 

1.0% Tryptone 

0.5% Yeast Extract 

1.0% NaCl 

Mix and dissolve in 950 mL water 

Adjust to pH 7.0 with NaOH and bring volume to 1 liter 

Autoclave for 20 minutes at 15 psi 

Luria-Bertani (LB) Agar Plates 

Prepare LB medium as above
 

Add 15 g agar / liter
 

Autoclave for 20 minutes at 15 psi
 

Cool to 55 C and add 0.050 mg carbinicillin (50 ~g/mL) 

Pour into 10 cm plates 

MOPS buffer (lOx) 

50 roM sodium acetate
 

10 roM EDTA
 

Dissolve 41.56 g MOPS in 800 mL H2 0
 

Mix and add H20 to 1 liter
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SOC Medium 

2% tryptone
 

0.5% yeast extract
 

10 roM NaCl
 

2.5 roM KCl
 

10 roM MgC1 2
 

10 roM MgS04
 

20 roM glucose
 

Mix and add H20 to desired volume
 

Autoclave for 20 minutes at 15 psi
 

sodium acetate (3 M) 

Dissolve 408 g sodium acetate· 3 H20 in 800 mL H20 

Add H20 to 1 liter 

Adjust pH to 5.2 with 3 M acetic acid 

STET buffer 

8% sucrose
 

0.5% Triton X-100
 

50 roM Tris-Cl, pH 8.0
 

50 roM EDTA
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TAE electrophoresis buffer (SOx) 

242 g Tris base 

57.1 mL glacial acetic acid 

37.2 g Na2EDTA . 2H2 O 

Dissolve solutes in 800 rnL H2O
 

pH approximately 8.5
 

TE buffer (pH 8.0) 

10 roM Tris . el, pH 8.0
 

1 roM EDTA, pH 8.0
 

Tris-Cl buffer (10 mM, pH 8.5) 

Dissolve 0.121 g Tris base in 800 rnL H20 

Adjust to desired pH with concentrated HCl 

Mix and add H20 to 1 liter 

X-Gal (40 rng I rnL) 

Dissolve 400 rng X-Gal in 10 rnL dirnethylforrnarnide 

store in brown bottle at -20 e 
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