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Sequencing and Sub-cloning of the CHXE gene in a Carrot (Daucus carota) Bacterial Artificial Chromosome.

ABSTRACT


A Carrot (Daucus carota) bacterial artificial chromosome was cloned and the plasmid DNA extracted from it.  The DNA was tested for the presence of the CHXE gene through PCR amplification utilizing various primers that spanned the entire known cDNA sequence of the gene.  Gel electrophoresis was performed on the PCR products in a 0.7% agarose gel to determine whether the amplification was successful and to determine the size of the different sections of the gene.  The amplified products were then cleaned using the Exo-Sap procedure to reamplify the products to be submitted for gene sequencing at the UW Biotechnology center.  The sequences were returned and examined for the completion of the full length genomic sequence.  Introns within the gene were able to be mapped by cross-referencing the DNA sequence produced with the known cDNA sequence of the gene.

INTRODUCTION
Many of the foods consumed by the US population come with nutrition labels that inform consumers of the contents of the food.  The labels provide the amount of fats, carbohydrates, proteins, and minerals that can be found in that food.  But this is mainly for processed food.  When a consumer purchases fresh vegetables they do not actually know what the content of the food is that they are purchasing but automatically assume that it is good for you because it is a vegetable.  Vegetables are a necessary part of the human diet, but not all vegetables of the same type are created equal.  Vegetables that are grown in one region of the country or of a different genetic background may have a higher content of certain vitamins while vegetables in other regions or other varieties may be more deficient in them (Simon, 2007).

The USDA Vegetable Crops Research

The US Department of Agriculture is examining the characteristics of various vegetables and the relations that color has with the nutritional content of the food.  Being able to distinguish whether a vegetable contains more nutrients essential to the human diet by simply looking at the color of that vegetable will give the USDA an opportunity to educate the public on these variations.  This will give the consumers the opportunity to be able to distinguish between vegetables of the same type when they go grocery shopping and allow them to make educated choices about whether a vegetable from a certain company will serve their nutritional needs more than that from another company.  The goal of the USDA is to eventually be able to provide nutritional facts for all vegetables (Simon, 2007).

The Vegetable Crops Research Unit at the University of Wisconsin – Madison performs research for the USDA in respect to various agricultural products.  Dr Philipp Simon is the leader of this unit and performs research on carrots and garlic.  The research in his unit has started to produce linkage maps of the carrot genome (Bradeen, 1997).  Linkage maps are chromosomal maps that show the locations of genes relative to each other rather than the actual physical location of the genes on the chromosomes.  Being able to identify the locations of genes through markers in the carrot genome, plant breeders will be able to genetically improve these crops more efficiently.  Food scientists will also be able to better examine the content of carrots and be able to make distinctions between different cultures of grown carrots without having to grow numerous generations and documenting the expression of the genes (Simon, 2007).

Carotenoids and their pathways

Carrots have various carotenoid pigments, which are responsible for the colors red, yellow, and orange.  In humans, when certain carotenoid pigments are taken in, they are converted to vitamin A (such as β-carotene, α-carotene, and cryptoxanthin) or serve as antioxidants (such as lutein) (Kubler, 1963).  Lutein strengthens the eyes of humans and can decrease the risk for eye diseases that affect the macula (Johnson et al., 2000).  This nutritional fact makes lutein an important element in determining whether a carrot purchased at the store would be healthier for the consumer.  Lutein is synthesized by the enzyme ε-ring carotene hydroxylase.  The gene that codes for ε-ring carotene hydroxylase in the biosynthetic pathway of carotenoids is called CHXE (Tian et al., 2003).  The biosynthetic pathway is shown in Fig. 1 in the Tables and Figures section.

Bacterial Artificial Chromosomes

A bacterial artificial chromosome (BAC) library consists of Escherichia coli bacteria that have a section of another organism's DNA spliced into its own (Shizuya, 1992).  A carrot BAC library is a collection of E. coli colonies, each with a different piece of the carrot genome spliced into its plasmids.  This spliced-in DNA can than be extracted from the E. coli when necessary.  This is done so that the segments of DNA from the same sample can be easily and continuously extracted and used to perform tests and experiments.  An example of this is the creation of FISH-NOR photographs (Fig. 2) by Marina Iovene showing the physical locations of genes within a carrot’s chromosome using DNA extracted from a BAC (2007). The bacteria are able to replicate themselves and create a large amount of identical DNA that can be extracted (Shultz, 2006).

In BAC libraries there can be many cases of redundancy as enzymes cut the original organism’s genome in various places and sometimes a certain section of the genome can be found in multiple BACs.  This can be helpful because it allows for reading of the genome up and downstream from a known genomic sequence.  By being able to read up and downstream, one can determine other genes that are close to the known gene and allows for an entire map of an organisms genome to be made.

In previous research, sequences and suspected map locations for various genes within the carrot genome have been determined.  The various enzymes that participate in the carotene biosynthetic pathway have been located and they will now be found within the genome map (Just et al., 2006).   Along with finding the location of the CHXE gene in the genome, genes that are located close to it will also be looked for in order to complete the genomic map.

MATERIALS AND METHODS

Study Materials

Three BACs in a carrot BAC library of 110,000 colonies that have already been created, screened, and identified to have the CHXE gene in them will be used to determine the gene’s genomic sequence.  The BACs that will be studied are located in plates A206 well F1, B212 well E20, and B212 well F21 in the Simon lab (Madison, WI).  To keep the BACs fresh and the bacteria from dying, they are kept at a temperature of -80 degrees Celsius.  The BAC DNA will be isolated as a small-scale culture and the DNA will be extracted from it.

Methods

Growing of the E. coli containing the BAC

The bacteria were extracted from the wells by inoculating a pipette tip with bacteria.  The pipettor tip was dropped in a test tube containing 4mL of Lysogeny broth (LB) – 1L LB: 10g tryptone, 5g yeast extract, 10g NaCl - with antibiotic in the solution.  The LB solution serves as a nutrient-rich medium for the bacteria to grow in.  Once test tubes were filled they were placed in a shaker at 200 rpm and kept at 37 degrees Celsius.  The samples were removed after 16 hours when bacterial growth was present.  The samples were removed and stored in a refrigerator at 4 degrees Celsius for 8 hours.  

Six 200mL Erlenmeyer flasks with 50mL of LB and antibiotic solution were prepared.  500μL of each sample was added to two of the flasks and each was covered with aluminum foil.  These flasks were then placed into a shaker at 200 rpm and kept at 37 degrees Celsius.  The samples were removed after 16 hours, each showing a significant amount of bacterial growth.  The samples were allowed to cool to room temperature.

The sample solutions were then transferred to individual autoclaved 1L screw cap containers.  These containers were placed in a centrifuge kept at 4 degrees Celsius and spun at 6000 rpm for 15 minutes.  The bacterium was then formed into a pellet at the bottom of the container and the supernatant was discarded.

Extraction of the BAC DNA

The BAC DNA was then isolated by performing the alkaline lysis method (Stodolsky and Zhao, 2004).  A kit available by Qiagen (Qiagen Valencia, CA) containing all of the necessary solutions to extract the DNA from the E. coli was used.  The bacteria pellet at the bottom of the container was suspended in 4mL of buffer P1 - 50mM Tris·Cl, pH 8.0, 10mM EDTA - and 100μg/mL Rnase A, with LyseBlue added.  The pellet was suspended in the solution through vortexing and then transferred to smaller, autoclaved tubes.  4mL of buffer P2 - 200mM NaOH – was added to the solution and the solution turned blue immediately.  Once the solutions in the tubes were mixed, the samples were incubated for 5 minutes.  After incubation, 4mL of chilled P3 buffer - 3.0M Potassium Acetate at pH 5.5 – was added to the mixture and a white precipitate formed.  The mixtures were iced for 15 minutes.

After the icing period, the tubes were then centrifuged for 30 minutes at 7000 rpm and 4 degrees Celsius.  The supernatant was then moved to another tube and centrifuged again at 7000 rpm and 4 degrees Celsius for 30 minutes.  While the sample was being centrifuged, buffer QBT - 750mM NaCl, 50mM MOPS, 15% isopropanol, 0.15% Triton® X-100 - was ran through a Qiagen-tip 100 column.  After the sample was finished centrifuging, it was run through the Qiagen-tip 100 column.  The column was then washed twice with 10mL of buffer QC - 1.0M NaCl, 50mM MOPS, 15% isopropanol.  The DNA was then eluted with 5mL of buffer QF - 1.25M NaCl, 50mM Tris·Cl, 15% isopropanol - and then precipitated from the solution by adding 3.5mL of isopropanol to the eluted DNA.

The DNA was centrifuged at 7000 rcm and 4 degrees Celsius for 40 minutes.  A small pellet formed at the bottom of the tubes and the supernatant was then carefully removed and discarded.  The pellets were then washed with 2mL of 70% ethanol and centrifuged at 7000 rcm and 4 degrees Celsius for 20 minutes.  The supernatant was removed and discarded and the pellet in the tubes was allowed to air-dry for 5 minutes.  Once the pellet completed drying, it was dissolved in 100 μL of TE buffer - 10 mM Tris·Cl, 1 mM EDTA - and stored in a freezer at -20 degrees Celsius.

Testing the sample for DNA

The sample was then tested using a spectrophotometer (ND-1000, NanoDrop Technologies, Wilmington, Delaware) to determine whether it contained any nucleic acids and to give an estimate of the concentration of DNA present in the sample.  Once it was determined that there was DNA present, the samples were then subjected to polymerase chain reaction (PCR) amplification and a pulsed-field gel electrophoresis to determine the amount of actual DNA and the size of the DNA that was extracted.  The DNA was run in the gel for 3 hours using procedures developed by Cooney (Burmeister et al. 1992).  It was then determined that there is an ample amount of DNA present to perform the sequencing of the individual BACs (Fig. 3).

Determining which primers pairs could amplify over the entire gene


All of the primers that span the CHXE gene were examined and appropriate primer pairs were determined.  The primer pairs were tested using only the A206F1 DNA to reduce the waste of resources.  1.0μL of DNA was filled in individual wells and filled with a mixture – 1.0μL of forward primer, 1.0μL of reverse primer, 2.0µL of Taq buffer with Mg2+, 0.08µL of Ex-Taq bacteria, 0.8µL of 2.5 mM dNTP solution, 14.12µL H2O.  The PCR plate was then placed in a PCR thermocycler (Eppendorf) utilizing the following program: 94ºC 4:00; 35 cycles {94 ºC 0:30, 51 ºC/49 ºC 0:30, 72 ºC 4:00}; 72 ºC 8:00. The difference during the 35-cycle step in the program is due to different annealing temperatures of primers that were used.  2μL of blue 10x loading buffer was added to each well, centrifuged, and vortexed to distribute the loading buffer evenly in the individual wells.  A 0.7% agaraose gel was prepared – 0.175g agarose, 250mL 1x TAE, 15μL ethidium bromide – and the loading wells were filled with 10μL of each PCR product.  At the ends of each set of wells a 1kb generuler (Fermentas) was placed to determine the sizes of the individual PCR products.  The gel electrophoresis proceeded for 2 hours at 115volts.  Black light photographs were taken of the different well rows (Fig. 3,4,5).  

Amplification for gene sequencing


Appropriate primer pairs were then run again for all three BAC DNAs.  The amplified DNA was purified by enzymatic treatment.  5.0μL of each PCR product  was mixed with 1.0μL Shrimp Alkaline Phosphatase and 0.25μL Exonuclease I (Fermentas).  The mixture was incubated at 37 ºC for 30 minutes and the reaction was inactivated by heating at 80 ºC for 15 minutes.  The DNA was then set up for PCR amplification using the BigDye reaction.  

BigDye Reaction

The PCR solution was made for each set of amplified DNA – 5.0μL DNA, 1.2μL  BigDye mixture, 1.8μL  Sequencing Buffer V.3.1, 2.0μL primer, 2.0μL H2O -  using either a forward or a reverse primer for each well while the BigDye program was run: 150 cycles {95 ºC 0:10, 55 ºC 0:05, 60 ºC 2:30}.  Both the forward and reverse primers were used to cover the whole sequence of the amplified DNA.  Once the BigDye reaction was complete, the DNA was then cleaned up.

Magnetic Bead Cleanup
10μL of each BigDye product was transferred to a new well and 5μL CleanSEQTM magnetic particle solution with 80μL 80% ethanol were added to each well.  The plate was then vortexed to produce a homogenous mixture.  The plate was placed on a SPRIplate96TM magnetic plate for 5 minutes to separate the beads from the solution.  The liquid was removed using a vacuum device.  130μL 80% ethanol was added to the wells and incubated at room temperature for 1 minute.  The liquid was again removed by vacuum device.  The plate was removed from the SPRIplate96TM magnetic plate and 50μL H2O was added.  The plate was vortexed to produce a homogenous solution, and subsequently placed in a SPRIplate96TM magnetic plate and incubated for 5 minutes at room temperature.  20μL of liquid were transferred into sequencing wells and covered with foil tape. The sequencing wells were then submitted to the UW Biotechnology Center (UW Madison, Madison, WI) for gene sequencing.
RESULTS

Genomic sequencing of the CHXE gene has not yet been completed due to problems occurring during PCR reactions.  The PCR reactions to amplify the DNA that will be sequenced have not shown successful results during gel electrophoresis and are continuing to be improved upon to submit the samples.

  The primer pairs that were selected to amplify the DNA for sequencing were CHXE-FinalSeq F/ 5CDSendR, 5’CDSendR/LUT1-5RACE, LUT1-5’RACE/CHXE-1523R, and CHXE-1461F/CHXE-3UTRendR.  Through examination of a successful PCR reaction’s gel black light photograph (Fig. 10), the genomic sequence of the CHXE gene is estimated to be approximately 6421 base pairs long.

DISCUSSION

The PCR primer pairs were selected based upon the range of amplification that they offered as determined by looking at the cDNA sequence as well as the quality of the products that were produced during the testing phase of the experiment.  The four primer combinations were chosen because the products that were formed (Fig. 4,5,6) showed strong potential to work successfully for all three BACs as well as span the entire cDNA sequence.

PCR reactions were performed on all three BACs once the primer pairs were selected, but as can be seen in Figures 7 through 9, the reactions were not successful.  After attempting to determine the cause for the faulty PCR reactions, it was determined, by substituting various reactants of the solutions that were used in the reactions with other similar reactants, that the Taq Polymerase used was faulty.  The original Taq that was used during the PCR reactions that tested the primer pairs had been used up and another one was used for the sequencing PCRs.  A homegrown Taq was tested against the Ex-Taq and it was determined that the Ex-Taq was faulty, as can be seen in figure 10.  The homegrown Taq will be used for future PCR reactions.

Through the PCR reactions and the subsequent gel electrophoresis it has been determined that the CHXE gene contains over 4600 base pairs that are associated with introns in the gene.  The cDNA sequence is 1803 base pairs long but with the introns that are part of the genomic sequence the size has increased to over 6400 base pairs.  This drastic increase in size of the sequence is making the process of determining the genomic sequence more difficult.  

Currently, PCR reactions are being performed to amplify the three BACs and to determine the sequences of each section within the gene.  Due to the large sizes of three of the PCR products, it is not expected that with these products alone the genomic sequence will be determined.  The sequencing machines at the Biotechnology center are only accurate to approximately 800 base pairs.  The large size of the individual sequences may cause problems during sequencing which causes incomplete sequences to be returned.  Once the sequences are received, they will be analyzed for completeness and whether additional primers can be developed.  These newly developed primers will be able to further sequence portions of the DNA that were not previously sequenced during the first attempt.

Once the sequence of the CHXE gene has been determined, the same steps and processes can be used to sequence the genomic DNA of other genes within the carotenoid pathway.  The knowledge that is gained from the sequencing can also be utilized to further sequence down the same BAC and try to determine what else lies within the proximity of the CHXE gene.  This can be accomplished by utilizing a primer that goes out from the end of the gene and amplifies further down the BAC.

Further more, the sequence of the CHXE gene will be able to be registered in a genetic database that can be accessed by other scientists from around the world.  This sequence will give other researchers the opportunity to build primers based on the CHXE gene and perform experiments relating to CHXE.
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TABLES AND FIGURES

Figure 1. (Just et al. 2007)
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Figure 2. FISH-NOIR photograph by Marina Iovene, Red signal represents the PDS gene extracted from BAC A208 N14, Green signal represents the CHXE gene extracted from BAC A206F1. (Iovene 2007)
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Figure 3. Black light photographs of BAM H1 digested BACs
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	LUT1-5RACE TO CHXE-3'UTRendR
	CHXE FINALSEQ F TO LUT1-5'RACE
	LUT1-5RACE TO CHXE FINALSEQ R
	CHXE-5'UTRendF TO CHXE-5'CDSendR
	CHXE-5CDSendR TO CHXE-3'UTRendR
	CHXE FINALSEQ F TO CHXE-5'CDSendR
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Figure 4. Black light photograph of primer pairs tested on BAC A206F1

	 
	CHXE-5CDSendR TO CHXE FINALSEQ R
	CHXE-5'UTRendF TO CHXE3'endR1
	CHXE FINALSEQ F TO CHXE3'endR1
	CHXE-contig-FULL F TO CHXE-5'CDSendR
	CHXE-5CDSendR TO LUT1-5RACE
	CHXE-contig-FULL F TO CHXE 5CDSendR
	CHXE-contig-FULL F TO LUT1-5'RACE
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Figure 5. Black light photograph of primer pairs tested on BAC A206F1
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	LUT1-5'RACE TO CHXE-1523R
	CHXE-1461F TO CHXE-3UTRendR
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Figure 6. Black light photograph of primer pairs tested on BAC A206F1
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Figure 7. Black light photograph of PCR reaction for BAC A206F1
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Figure 8. Black light photograph of PCR reaction for BAC B212E20
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Figure 9. Black light photograph of PCR reaction for BAC B212F21
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Figure 10. Black Light photograph comparing PCR products using two different Taq Polymerase

