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Abstract


The purpose of this proposal is to request funding to support research from May of 2009 to December of 2009.  Data from this research will be used to strengthen proposals to the United States Department of Agriculture and to the National Science Foundation.  This research is in collaboration with Felix Guerrero, Ph.D., at the USDA Insects Research Lab in Kerrville, Tx.   Dr. Guerrero has constructed a Bacteria Artificial Chromosome (BAC) DNA library that contains the complete genome of the Texas Cattle Tick, Rhipecephalus microplus, which is a serious problem to cattle producers in many parts of the world.  R. microplus transmits the causative agent of Texas cattle fever (bovine babesiosis), which has been eradicated in the United States since 1946.  However, strains of R. microplus have been identified in Mexico and along the Texas Rio Grande border that harbor resistance to the current Organophosphate pesticides. The molecular basis for this resistance is unknown. Therefore, in order to identify the molecular basis of resistance and to develop new pesticides, the USDA is leading a program to eradicate the Texas Cattle Tick.  In conjunction with this program, Dr. Guerrero has generated a library that contains approximately 10,000 BAC clones, where each clone contains a DNA fragment between 50,000 to 100,000 basepairs in size.  Consequently, this library represents a two-fold coverage of the 7 billion basepair genome of R. microplus.  The proposed research will focus on sequencing 500 to 800 basepairs on each end of the DNA fragments and analyzing this data with bioinformatic tools.  Therefore, the objective of this project is to sequence BAC clone ends, use bioinformatic approaches to annotate the sequence data and incorporate this information into the R. microplus genome project database. As a result, this project will lead to the identification of markers that will be used to create a physical map for complete genome sequencing and to the isolation of genes that have been shown to be associated with resistance to Organophosphate pesticides.  In addition, this proposal will create a long lasting collaboration with Dr. Guerrero at the USDA and be used as a foundation for creating a Texas Consortium for Genomic Analysis (TCGA) with other universities, e.g., West Texas A&M University and Tarleton State University.
Purpose and Objectives of Proposed Request

1) Sequence the BAC DNA clones using the LiCor Model 4300 DNA Analyzer, which was acquired through a previous grant. (Note: Purified BAC DNA Clones, which are sequence quality, are being provided by Dr. Guerrero’s Laboratory: see Non-Funded Cooperative Agreement)

2) Use bioinformatic approaches to annotate the DNA sequences using BlastN and BlastX analytical programs found at the National Center for Biotechnology Information website.  (Note: All programs at NCBI are free.)
3) Download information into the R. microplus genome project database and create a rough map of the genome when compared to current sequences in the database.
4) The results from this study will be used to apply for grants from the United States Department of Agriculture and the National Science Foundation.  These grants will help generate posters/manuscripts, maintain and develop this project for future undergraduate and graduate students, and create a multi-university/government collaboration called the Texas Consortium for Genomic Analysis (TCGA).  

Background


In the year 1868, a “very subtle and terribly fatal disease” quickly infected and killed thousands of cattle in Illinois.  It was soon realized that this disease was associated with Texas longhorn cattle driven to Abilene, Kansas and eventually brought by train to Illinois for processing.  The disease became known as Texas Fever or Texas Cattle Fever.  Even after the longhorns, which were resistant to the disease, left a pasture, local cattle could still be fatally infected.  As a consequence, Midwestern states began restricting the movement of longhorns on cattle trails geographically, i.e., away from settlements and seasonally, i.e., during less dangerous winter months (disease less prevalent).  However, by 1885, Kansas outlawed any movement of Texas Cattle across its state.   As a result, the closing of Kansas and the use of barbwire quickly brought the booming Texas cattle-trailing industry to a dead halt (1, 2).  

It was not until 1893 that the causative agent and vector-of-transmission was identified by scientist working for the federal Bureau of Animal Industry.  The causative agent was identified as a single cell, protozoan of the genus Babesia, which led to the disease being called Babesiosis.  Later, the vector-of-transmission was identified as a blood sucking, cattle tick, now called Rhipecephalus microplus.  In general, the life cycle of R. microplus consist of cattle ticks feeding on cattle (transmitting the protozoan), dropping off the cattle into the grass, laying of an enormous amount of eggs in the grass, hatching of immature ticks (still harboring the protozoan) from the eggs (weeks later) and attachment to a new cattle host.  As a result, after infected cattle have been removed from pastures, new animals grazing on these pastures would become infected with Babesiosis.  By 1900, a method for controlling the spread of Babesiosis had been devised to stop the cattle tick life cycle.  This method involved the killing of cattle ticks by dipping the cattle in a petroleum-based solution, the killing of diseased cattle, and the quarantining of pastures that grazed diseased cattle (1-3). 

Because of the deadliness of Babesiosis and the creation of eradication methods, which included improved pesticides to eliminate the cattle tick, in 1906, the National Cattle Fever Tick Eradication Program was organized by the federal government.  Since outbreaks of Texas Cattle Fever occurred in southern states throughout the year, all 14 southern states were targeted by the eradication program and by 1943 the program was declared complete at an estimated cost, when adjusted to 1976 inflation, of $1 billion dollars.  However, Babesiosis is still a widespread problem in Mexico.  As a result, the only US region that has outbreaks of Babesiosis is along the Texas-Mexico border, which consists of a 500-mile-long quarantine zone that starts in Del Rio and ends in Brownsville.  The size of this zone ranges from hundreds of yards to 10 miles and is currently monitored by inspectors from the USDA Fever Tick Eradication Program at a cost of 3 to 4 million dollars a year.  Some of these inspectors, who are known as “Tick Riders,” patrol the border on horseback to maintain a constant surveillance of the quarantine zone. Surveillance involves range inspections within the quarantine zone and apprehension of stray or smuggled cattle from Mexico.  Inspection of cattle for cattle ticks involves capturing the cattle and scratching the entire cow from nose to rump with fingers in order to find cattle ticks (2, 3).  As a consequence, until recently, outbreaks of Babesiosis have been contain and eradicated.
Although the Texas Cattle Tick has been eradicated from the US, in recent years problems with pesticide resistance in Mexican tick populations and maintenance of ticks on secondary hosts in the Texas-Mexico border quarantine zone has augmented the possibility that these ticks could be reintroduced into the United States.  Reintroduction of R. microplus would have severe consequences for the US cattle industry and it is estimated it will cost the industry billions of dollars (3).  To facilitate the development of novel tick control technologies which are desperately needed by the USDA Cattle Fever Tick Eradication Program, a R. microplus genome project was initiated (4).  A 1X BAC library is one of the primary resources of the genome project available to advance knowledge about this tick's genome (Hill et al., unpublished data).  In addition, Dr. Guerrero (unpublished data) has generated 2X BAC library, which complements the above library, that contains approximately 10,000 BAC clones, where each clone contains a DNA fragment between 50,000 to 100,000 basepairs in size.  Consequently, this library represents a two-fold coverage of the 7 billion basepair genome of R. microplus.  The three- fold coverage of R. microplus genome insures that a higher percentage of the genome will be sequenced.  For example, the human genome had a 7-fold coverage which only generated a 97% sequencing of the genome (5, 6).  
Unfortunately, the size of the R. microplus genome and the presence of large amounts of repetitive DNA present a challenge in time and expense with assembly of the whole genomic sequence (7).  Therefore, BAC clone end sequencing or partial sequencing is one relatively inexpensive methodology to obtain sequence information which can help assemble genomic sequence contigs, train gene finding/annotation computer programs, identify single nucleotide polymorphisms (SNPs), assign gene coding regions to specific chromosomes, and identify gene coding regions.  Identification of gene coding regions can lead to the isolation of genes associated with pesticide resistance in R. microplus.  For example, a BAC clone containing a sequence fragment from R. microplus AChE1 gene (gene called Acetylcholine esterase) was recovered from the screening of the first R. microplus 1X BAC library (mention above) with radioactive probe to AChE1 gene.  The AChE1 gene encodes a gene that provides resistance to pesticides.  Therefore, these results indicate the feasibility of a BAC-based approach to identifying pesticide resistant genes in R. microplus (8).  
The objective of this project is to sequence BAC clone ends, use bioinformatic approaches to annotate the sequence data and incorporate this information into the R. microplus genome project databases.  To this end, Dr. Guerrero and I have, in the last year, established a collaboration that will actively engaged both parties in independent research projects involving recombinant DNA and molecular biological approaches.  In this collaboration, Dr. Guerrero has agreed to:

1. Provide culture plates with purified colonies of selected BAC clones and DNA of quality compatible with UHCL sequencer protocol.

2. Provide molecular biological technical support and advice as required to assist in meeting proposal objectives and milestones, and maintain an open line of communication by holding regular discussions of research progress.

3. Coordinate bioinformatic analysis of BAC sequences to maximize efficiency and information acquisition.

4. Timely review of proposed presentations (by UHCL students assigned to project) of data acquired through this project.

UHCL has agreed to sequence provided R. micorplus BAC DNA and perform BlastN and BlastX analysis.  This work will be performed by Independent study students in the summer and fall semesters of 2009.  In addition, UHCL has agreed to establish a course on DNA sequencing, which will be taught in the summer of 2009, which uses the BAC clones to train student on the use of the LiCor DNA Analyzer.  Creation of a DNA Sequencing course and student involvement is an important part of the Non-Funded Cooperative Agreement (No. 58-6205-9-024) established with the USDA.
In coordination with Dr. Guerrero, I have contacted four Texas universities and faculty at two of these universities, West Texas A&M University and Tarleton State University have verbally indicated a desire to participate in a multi-university collaboration.  I have named this collaboration the Texas Consortium for Genomic Analysis (TCGA), which is easy to remember because it uses the first letters of the four nucleotides that make up DNA.  This grant and the Non-Funded Cooperative Agreement (No. 58-6205-9-024) is the first step to creating this consortium.  Overall, this research could lead a long-term collaboration with researchers at the USDA and several Texas Universities and provide UHCL students with research opportunities in Biotechnology previously unavailable.
Procedures / General Work Plan

May to December 2009:  
1)   
Sequence the BAC ends of approximately 600 BAC clones.  

Acquire purified BACs from Dr. Guerrero and store them in a -80oC freezer. Use a commercially available DNA sequencing kit to sequence 500 to 800 bp of each end of the 1,200 ends of the BAC clones. All sequencing data will be stored on a one-terabyte storage tower that is accessible by UHCL faculty/students and Dr. Guerrero for annotation of DNA sequencing.  All sequence data will be copied and transferred to Dr. Guerroro’s laboratory. 
2)
Analyze DNA sequences with BlastN and BlastX programs from NCBI.
Investigators will download DNA sequences into the BlastN and BlastX programs.  The BlastN program will be used to analyze the DNA nucleotide sequence, which consist of four different nucleotides, A (adenine), C (cytosine), G (guanine) and T (thymine), in a linear sequence that varies in the amounts and order of A, C, G, and T.  For example: ATTTAGGTGACACTATAG…. (Note: Each nucleotide denotes one basepair in a DNA sequence).  BlastN analysis will identify unique DNA sequences that represent special markers used for DNA analysis, e.g., DNA fingerprinting, and identify unique sequences, called Open Reading Frames, that represent known or unknown genes that encode proteins.  The BlastX program will use those DNA sequences identified as Open Reading Frames to generate a protein’s amino acid sequence and analyze that amino acid sequence for similarities to proteins known to be involved in resistance to Organophosphate pesticides.  All data will be saved, copied and transferred to Dr. Guerroro’s laboratory. 

3)
Download Sequence data into the R. microplus genome project database and create a rough map of the genome. The R. microplus genome project database contains several thousand contigs, defined as individual DNA sequences, which were previously downloaded by Dr. Guerroro and his collaborators.  The DNA BAC end sequences or contigs generated by our lab will be downloaded into this database and compared to the other contigs to identify overlapping DNA sequences/markers.  This expansion of the sequence/marker database will be used to construct a first generation R. microplus genetic map.  Markers will be mapped back to chromosomes to integrate genetic and physical maps.
4)
Draft a research proposal using the results from this study and search for funding of future research work.

Dissemination/Use of Results

The proposed research will be the foundation for future research at UHCL.  The results from the above experiments will be used in technical papers, e.g., the Journal of Biological Chemistry, Genome Research, and Insect Molecular Biology and new research proposals, e.g., United States Department of Agriculture and National Science Foundation /Research in Undergraduate Institutions (Author received an NIH AREA grant from the National Institute of Health:  See author’s Curriculum Vitae). 

Significance of the Request


The requested funds will help maintain the author’s research at UHCL.  The project will enable the researcher, undergraduates, and graduate students to establish a Biotechnology oriented research program focused on the eradication of Texas Cattle Fever.  This projects educational goal corresponds with the research and educational environment of the School of Science and Computer Engineering.

Duration of the Request/Time Frame


Activities associated with this project will extend to December of 2009 as detailed above in the Procedures/General Work Plan.

Equipment/Facilities

1)Equipment:  All equipment necessary to complete this project has been purchased 

or is available in the Division of Natural Sciences.

2) Facilities:  Laboratory space has been provided by the Division of Natural Sciences.

Budget Summary and Justification

Consumable Materials:  The following consumable materials are necessary for performing research between May 2009 to December 2009:

1) Sequencing Kit for Sequencing and Oligonucleotide Primers:

Sequitherm Excell II DNA Sequencing kit-LC for 66-cm gels.  It is estimated that during the eight month period of this project approximately 1200 sequencing reactions will be performed. Therefore, 12 kits (100 reactions/kit) will have to be purchased at $260 per kit. To prime these reactions, oligonucleotide primers, conjugated with infrared labels seen by the LiCor DNA analyzer, will be purchase at a cost of $364.  The estimated cost for sequencing will be $3,500.
2) General Materials Needed for Sequencing:
Acrylamid gel solutions for separating DNA sequence: KB Plus 3.7% gel at $99 per 500 milliliters.  Since three 500 ml bottles will be needed for 1200 sequencing reactions, the cost will be $300.  Special glass plates, which are transparent to the lasers that excite the infrared labels on the primers, will sometimes break.  Cost for replacement of two sets is $620.  Buffer for running the estimated 40 sequencing gels is $100.   Combs for loading DNA onto the 40 gels is $300. The estimated cost for these products will be $1,500.

Total estimated cost for this proposal is  $5,000.

Appended Materials

Curriculum vitae of Larry H. Rohde, Ph.D.

USDA Non Funded Cooperative Agreement, endorsed by USDA 3/23/09
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