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Introduction

Construction of Large-Insert Bacterial Clone Libraries
Fig. 1. A general procedure for construction of a large-insert, ordered BAC or BIBAC library (from Zhang et al. 1996a).

The ability to clone large (>100 kb) DNA fragments is crucial to modern structural, functional and comparative genomics of large, complex-genome organisms. The first large DNA fragment cloning system was reported by Burke et al. (1987). This system is based on yeast artificial chromosomes (YACs) consisting of two chromosome arms, telomeres, centromere, replication origin, cloning site and transformant and recombinant selection markers. It allowed cloning and maintenance of DNA fragments up to 1,000 kb in yeast, a quantum leap relative to the pre-existing cosmid system (40 - 50 kb). Because of its large DNA fragment cloning capacity, the YAC system was quickly adopted for genomics research of humans and other species. However, several difficulties of YACs, such as their high level of chimerism, insert instability, and difficulty of purifying cloned insert DNA, have limited the utility of YAC libraries.


To minimize the above problems of the YAC system, three alternative systems using bacteria as the hosts were soon developed. Shizuya et al. (1992) reported large DNA fragment cloning in Escherichia coli using a bacterial artificial chromosome (BAC) system based on the E. coli fertility (F-factor) plasmid. Ioannou et al. (1994) reported similar facts using a P1-derived artificial chromosome (PAC) system, which combined the features of the bacteriophage P1 and the F-factor-based BAC cloning systems. Both BAC and PAC systems are based on single-copy, “artificial chromosome” cloning vectors. Tao and Zhang (1998) discovered that the conventional plasmid-based cloning (PBC) vectors (e.g., plasmids and cosmids) have the same capacity as the BAC and PAC vectors for large DNA fragment cloning in bacteria. They also showed that the stability of large-insert bacterial clones is not contingent on the unique copy of the clones in host cells.  These results have not only uncovered the molecular basis and established the new concept of large DNA fragment cloning in bacteria, but also indicated that many of the plasmid-based vectors previously developed for different biological research needs could be used as vectors for cloning of large DNA fragments in bacteria. BACs, PACs and PBCs are all referred to as large-insert bacterial clones in this manual. If they are amenable to direct plant transformation, they are referred to as BIBACs (see below), otherwise they are simply referred to as BACs. BAC, PAC and conventional plasmid or cosmid vectors all are capable of cloning and stably maintaining DNA fragments over 300 kb in E. coli. While the sizes of these large-insert bacterial clones are somewhat smaller than YACs, they confer several major advantages over YACs such as low levels of chimerism, facility and speed of insert DNA purification, and high stability in the host cells. Therefore, these large-insert bacterial cloning systems have been quickly assumed a central position in genome research. 


Another essential element of large DNA fragment cloning is preparation of megabase-size DNA of high quality and high yield. The key to megabase-size DNA preparation is protection of the DNA from physical shearing during preparation and subsequent manipulation. To achieve this, the cells of organisms must be embedded into low-melting-point (LMP) agarose matrix in forms of plugs or microbeads. The cells are lysed, and the DNA are purified in the supporting matrix. For preparation of megabase-size DNA from animals, the cells of animals can be directly embedded in LMP agarose plugs or microbeads, and then the cells are lysed and the DNA are purified in the agarose plugs or microbeads. Preparation of high-quality megabase DNA from plants is far more challenging than from animals. This is because plants have cell walls, which can not be directly embedded into LMP agarose as animals cells.  Plant cells are rich in metabolic substances such as phenolic compounds, some of which may interact with DNA and thus interfere the DNA with restriction enzyme digestibility. To facilitate preparation of megabase-size DNA from plants, Zhang et al. (1995) have developed a simple, efficient procedure for preparation of megabase-size DNA from plant nuclei. In this procedure, nuclei are first isolated from plant tissues by simply grinding the tissues in liquid nitrogen and subsequent centrifugation, and then embedding in LMP agarose matrix. Using this  procedure, large amounts of high-quality megabase-size nuclear DNA can be readily purified. This procedure has been successfully used in preparation of megabase nuclear DNA from a variety of plant species, and thus, has become the most widely used procedure for plant megabase DNA preparation. It is this procedure that has made it possible to rapidly develop large-insert, high-quality bacterial clone libraries from different plant species.  


The large DNA cloning systems have contributed to research of large, complex genomes mainly in two aspects. First, they have made it practical to develop ordered DNA libraries from large-genome species. The large inserts of the clones have reduced the number of clones needed for a complete DNA library by a few-fold relative to the preexisting cosmid cloning system, and therefore, the individual clones can be arrayed in microtiter plates. This has, for the first time,  made “DNA clone libraries” into true “libraries”  in which all clones are individually arrayed and encoded. Therefore, ordered DNA libraries are much more convenient to use than unordered libraries for genomics research. Second, large-insert, ordered DNA libraries have made it feasible to carry out chromosome walking in large genomes for positional cloning and genome analysis, and to rebuild genomes from the clones of ordered libraries. The rebuilt genomes or genome physical maps are essential platforms for large-scale genome sequencing and functional analysis, and large-scale gene discovery, cloning, characterization and utilization.

Construction of large-insert bacterial clone libraries has been significantly improved and advanced technically since the BAC, PAC and PBC systems were established. Figure 1 shows a general procedure for large-insert, ordered bacterial clone library construction. This procedure has been successfully used in the construction of many BAC, PAC and PBC libraries of plants, animals, insects and microorganisms. It consists of four parts: vector preparation, megabase DNA partial digestion and size selection, DNA transformation, and library assembly. For vector preparation, the vector DNA must be highly purified, vector DNA digestion must be appropriate (neither over-digested nor under-digested), and dephosphorylation of the restricted vector DNA must be complete. The techniques for DNA transformation and library assembly are usually consistent as long as competent cells having a transformation efficiency higher than 1010 cfu/g are used. The most technically difficult of the procedure is the megabase DNA partial digestion and size selection. To date, all large-insert bacterial clone libraries reported were generated from the restriction enzyme partial digests of megabase DNA. In the early technology for large-insert bacterial clone library development, the partially digested DNA were selected on LMP agarose by pulsed-field gel electrophoresis (PFGE), and the selected DNA fragments were released from the agarose by digestion with agarase or gelase.  The agarose digestion required that the LMP agarose gel must be melted at 68oC – 70oC, which damaged the DNA, especially those sequences that are rich in A/T contents, for instance, the dicotyledonous species DNA. As a result, cloning results varied from time to time and from species to species, and the insert sizes of generated clones was far smaller than the sizes of selected fragments from the pulsed-field gel. To overcome such problems, our laboratories have modified the procedure for size selection of partially digested DNA (Tao et al. 2000). In the modified procedure, the partially digested DNA is selected on regular agarose gels, which has greatly increased size selection efficiency. The selected DNA is released from the agarose by electroelution with PFGE, which eliminates the damage to the DNA due to heating at  68oC – 70oC. Therefore, the modified procedure allows one to consistently develop bacterial clone libraries with an average insert size of about 150 kb.  


Large-insert, ordered bacterial clone libraries are considered long-term resources for genomics research and thus, must be maintained permanently, especially when they are used for genome-wide physical mapping and sequencing. Therefore, prior to the library development it is necessary  to consider the genotype of a species to be used as the DNA source, the types of large-insert, ordered bacterial clone library to be developed, and the strategies to be used to develop the library. It is desirable to use the reference genotype of a species for genomics research as the library DNA source because such a library will have much wider applications. In term of the types of library to be generated,  two options are available: general large-insert, ordered bacterial clone (BAC) libraries or large-insert, ordered binary bacterial clone (BIBAC) libraries. General BAC libraries can be only used as large-insert DNA libraries, whereas BIBAC libraries not only can be used as large-insert DNA libraries, but also can be directly transformed into plants by the Agarobacterium-mediated transformation method. The latter feature of BIBAC libraries greatly enhances the utility of  the libraries in genomics research. Studies have documented that in species with large genomes, such as most of the important crop species, many genes have large-range spans and many traits are controlled by clusters of genes (e.g., disease resistance genes). For cloning and engineering such genes, or gene clusters for plant genetic improvement, it is desirable to develop large-insert, ordered BIBAC libraries that are also suitable for direct plant transformation. 


A few BIBAC vectors have been developed, such as BIBAC2 (Hamilton et al. 1996), and pCLD04541 and pSLJ1711 (Jones et al. 1992; Tao and Zhang 1998). BIBAC libraries have been developed for several plant species. Technologies for BIBAC transformation have been established in several plant species. Hamilton et al. (1996,1999) were able to transform an intact 150-kb human DNA fragment cloned in BIBAC2 into tobacco and tomato by the Agrobacterium-mediated transformation method.  The same 150-kb human DNA fragment cloned in BIBAC2 was also transformed into rice (Choi et al. Abstract #P609, Plant & Animal Genome VIIII, 2000). Wu et al. (2000) indicated that the large-insert clones of pCLD04541 are stable in Agrobacterium, which is critical to large-insert clone transformation in plants via Agrobacterium. Liu et al. (1999) transformed an 80-kb Arabidopsis BIBAC and Chang et al. (in preparation) transformed a 120-kb soybean DNA fragment cloned in pCLD04541 into Arabidopsis.  In contrast, the BACs cloned in general BAC vectors, such as pBeloBAC11 (Kim et al. 1996) and pECBAC1 (Frijters et al. 1997), must be subcloned into a plant transformation binary vector (e.g., BIBAC2, pCLD04541 or pSLJ1711) for plant transformation. Unlike the inserts of BACs from dicotyledonous plant species, it is difficult to subclone the entire insert of a monocotyledonous plant BAC into the BIBAC2 vector because there are often several Not I sites in it. The Not I is often used in subcloning of a BAC insert into the BIBAC2 vector. Therefore, development of BIBAC libraries is important for use of the libraries in gene cloning, engineering, molecular breeding and molecular farming.

All large-insert BAC and BIBAC libraries developed to date were generated from partial digests of megabase DNA with restriction enzymes. However, the distribution of the sites of a restriction enzyme in a genome is uneven. Consequently, the genome regions with a high, or low density of the restriction sites are difficult to clone because too small (<40 kb) or too large (>350 kb) DNA fragments generated by partial digestion are removed by PFGE-based size selection during BAC cloning. Therefore, it is desirable to develop complementary large-insert BAC or BIBAC libraries with different individual restriction enzymes having different nucleotide contents in their restriction sites. Such large-insert BAC or BIBAC libraries are similar to shotgun libraries in genome coverage, whose cloned DNA fragments are randomly derived from the different regions of a genome, and thus, would have truly high genome coverage.  The number of clones from such complementary libraries equivalent to 6 – 8 x haploid genomes would be sufficient for different genome research purposes, including global genome physical mapping and sequencing.
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Large-insert, ordered BAC and BIBAC libraries have been developed for many of the important plant and animal species (see http://hbz.tamu.edu). These libraries have been widely used in genomics research of plants and animals. Figure 2 summarize the applications and significance of large-insert BAC and BIBAC libraries for genomics research.
Fig. 2.  Applications and significance of large-insert, ordered BAC and BIBAC libraries for genomics research.
This manual introduces the state-of-the-art techniques and procedures for construction and manipulation of large-insert, ordered bacterial clone libraries. These include preparation of megabase DNA from plants, animals and insects, preparation of BAC and BIBAC vectors, and BAC and BIBAC library construction. Several of the most useful procedures for manipulation and applications of large-insert, ordered BAC and BIBAC libraries are also presented. 

Experiment 1  

Preparation of High-quality Megabase Size DNA

Megabase or high molecular weight (HMW) DNA is essential for large DNA fragment cloning and complex genome analysis. Unlike conventional-size DNA preparation, the megabase DNA must be protected from physical shearing during preparation. One of the popularly used approaches for doing so is to isolate protoplasts (plants), cells (animals), or nuclei (plants and animals), and then embed them in low-melting-point (LMP) agarose in the form of plugs or microbeads, followed by cell lysis and DNA purification in the LMP agarose plugs or microbeads. Megabase DNA is manipulated in LMP agarose plugs or microbeads. Since the preparation of megabase DNA from nuclei is simple, results in low contamination with cytoplast DNA, and is economical and applicable for preparation of megabase DNA from a wide variety of plant species, the nuclei method is widely used for preparation of megabase DNA in plants. In this experiment, we will prepare megabase DNA from different organisms using different methods. 

1.1  Preparation of Megabase-size Nuclear DNA from Plants

I.  Plant Materials


Plant leaves or whole plants of divergent species, including grasses, legumes, vegetables, and trees can be used as materials for preparation of megabase-size DNA by this method. The tissues can be either frozen in liquid nitrogen and stored in a -80oC freezer or kept fresh on ice before use.

II.  Reagents
10 x homogenization buffer (HB) stock: 0.1 M Trizma base, 0.8 M KCl, 0.1 M EDTA, 10 mM spermidine, 10 mM spermine, adjust pH to 9.4-9.5 with NaOH. The stock is stored at 4oC.

1 x HB:  A suitable amount of sucrose is mixed with a suitable volume of 10 x HB stock.  The final concentration of sucrose is 0.5 M and HB stock is 1 x. The resultant 1 x HB is stored at 4oC.  Before use, -mercaptoethanol is added to 0.15%.

20% Triton X-l00 1 x HB: Triton X-100 is mixed with 1 x HB without mercaptoethanol to 20%. The solution is stored at 4oC.

Wash Buffer (1 x HB plus 0.5% Triton X-100):  The buffer is prepared by mixing 1 x HB without -mercaptoethanol with 20% Triton X-l00 in 1 x HB and stored at 4oC. Before use, -mercaptoethanol is added to 0.15%.

Lysis buffer: 0.5 M EDTA; pH 9.0-9.3, 1% sodium lauryl sarcosine, and 0.1 - 0.5 mg/ml proteinase K. The proteinase K powder is added just before use.

III. Preparation of Intact Nuclei

For homogenization of the plant tissues, two methods can be used.

1A. Homogenization of Frozen Tissues

a.  Grind about 100 g of the frozen tissue into fine powder in liquid nitrogen with a mortar and pestle and immediately transfer the powder into an ice cold 1000 ml beaker containing 800 - 1000 ml ice-cold 1 x HB plus 0.15% -mercaptoethanol and 0.5% Triton X-l00.

b.  Gently swirl the contents with a magnetic stir bar for 10 minutes on ice and filter into six ice-cold 250 ml centrifuge bottles through two layers of cheesecloth and one layer of Miracloth by squeezing with gloved hands.

1B. Homogenization of Fresh Tissues

a.  Wash about 100 g of fresh tissues with tap water, and if necessary, cut into suitable pieces for homogenization with a kitchen blender (Osterizer 10 Speed Blender).

b. Homogenize 20 g of the tissue each time in 200 ml ice cold 1 x HB plus -mercaptoethanol in the kitchen blender at speed 4 or "puree" for 20 - 40 seconds.

c.  Filter the homogenate into an ice cold 250 ml centrifuge bottles as above.

d.  Repeat steps b and c to complete the remaining tissues.

e.  Add 5 ml 1 x HB plus 20% Triton X-l00 (the final concentration of Triton X-l00 is 0.5%) to each bottle (200 ml 1 x HB buffer), gently mix the contents, and incubate on ice for 20 minutes.

 2.
Pellet the homogenate prepared by either of the above two methods by centrifugation with fixed-angle rotor at 1,800 g at 4oC for 20 minutes.

 3.  Discard the supernatant fluid and add approximately 1 ml of ice cold wash buffer to each bottle.

 4.  Gently resuspend the pellet with assistance of a small paintbrush soaked in ice cold wash buffer, combine the resuspended nuclei from all bottles into a 40 ml centrifuge tube and finally, fill the tube with ice cold wash buffer. 


If particulate matter remains in the suspension, filter the resuspended nuclei into the 40 ml centrifuge tube through two layers of miracloth by gravity.

 
Centrifuge the contents at 57 g, 4oC for 2 minutes to remove intact cells and tissue residues and transfer the supernatant fluid into a fresh centrifuge tube.

 5.  Pellet the nuclei by centrifugation at 1,800 g, 4oC for 15 minutes in a swinging bucket centrifuge.

 6. Wash the pellet 1 - 3 additional times by resuspension in wash buffer using a paintbrush followed by centrifugation at 1,800 g, 4oC for 15 minutes. Note that this step is necessary to minimize the contamination of cytoplast organelles in the nuclei.

7. After the final wash, resuspend the pelleted nuclei in a small amount (about 1 ml) of 1 x HB without -mercaptoethanol, count the nuclei, if possible, under the contrast phase of a microscope, bring to approximately 5 x 107 nuclei/ml with addition of the 1 x HB without -mercaptoethanol, and store on ice. 

The concentration of nuclei can be also estimated empirically, a concentration of nuclei that is just transparent under light is estimated to be 5 – 10 x 107 nuclei/ml.  The concentration of nuclei varies, depending on the genome sizes of different species.  In general, 5 – 10 g DNA / 100-l plug or microbeads are suitable for large-insert BAC and BIBAC cloning. 

IV.  Embedding the Nuclei in Agarose Microbeads and Plugs 

1. Prepare 10 ml of 1% low-melting-point (LMP) agarose in 1 x HB without -mercaptoethanol and Triton X-100, cool down to 45oC and maintain in a 45oC water bath before use. 

2A. Embedding the nuclei in agarose microbeads

a.  Prewarm 20 ml of light mineral oil in a 50 ml Falcon tube to 45oC in a water bath (about 15 minutes).

b.  Place a 500 ml flask in a 45oC water bath and prewarm for at least 10 minutes.

c.  Pour about 150 ml ice cold 1 x HB without -mercaptoethanol and Triton X-100 into a 1000 ml beaker and place the beaker in an ice bath on the top of a magnetic stir plate. Vigorously swirl the solution using a magnetic stir bar.

d.  Prewarm the nuclei to 45oC in a water bath (about 5 minutes).

e.  Mix the prewarmed nuclei suspension with an equal volume of 1% LMP agarose in 1 x HB without -mercaptoethanol and Triton X-100 kept in a 45oC water bath, pour into the prewarmed 500 ml flask, and add 20 ml of the prewarmed light mineral oil at 45oC.

f.   Cool down the contents to about 37oC (body temperature), shake the contents in the flask vigorously for 2 - 3 seconds and then immediately pour into the ice-cold 1000 ml beaker containing 150 ml of ice cold 1 x HB without -mercaptoethanol and Triton X-100 that is vigorously swirling with a magnetic stir bar. Continue to swirl the contents for 5 - 10 minutes on ice. This allows for the agarose microbeads to form uniformly in size.

g.  Harvest the agarose microbeads by centrifugation at 1,200 g, 4oC for 15 - 20 minutes in a swinging bucket centrifuge.

h.  Discard the supernatant fluid and resuspend the microbeads in 5 - 10 volumes of lysis buffer.

 2A.  Embedding the nuclei in agarose plugs

a.  Prewarm the nuclei to 45oC in a water bath (about 5 minutes).

b.  Mix the prewarmed nuclei with an equal volume of the prewarmed 1% LMP agarose in 1 x HB without -mercaptoethanol and Triton X-100 using a cut off pipette tip.

 c.  Aliquot the mixture into ice cold plug molds on ice with the same Pipette tip, 100 ml per plug. When the agarose is completely solidified, transfer the plugs into 5 - 10 volumes of lysis buffer.

 3.   Incubate the agarose plugs or the microbeads in the lysis buffer for 24 - 48 hours at 50oC with gentle shaking.

 4.  Wash the plugs or the beads once in 0.5 M EDTA, pH 9.0-9.3 for one hour at 50oC, once  in 0.05 M EDTA, pH8.0 for one hour on ice, and store in 0.05 M EDTA, pH8.0, at 4oC. The DNA at this step can be stored at 4oC for one year without significant degradation.

1.2  Preparation of Megabase-size DNA from Animals

Preparation of megabase DNA from animals is much easier and simpler than preparation of megabase DNA from plants. Animal cells can be directly embedded into LMP agarose plugs or microbeads after briefly washing them. Although the nuclei of animal cells can be used, the whole cells are frequently used for megabase DNA preparation. In this experiment, preparation of chicken megebase DNA plugs is used as an example.

I.  Materials

Whole chicken blood is used as the starting materials. The whole blood is collected in heparinized tubes. The cell density of the blood should be approximately 108 cells / ml. 

II. Procedure

1. Centrifuge the chicken blood at 1,000 g, room temperature for 5 minutes. Discard the supernatant and resuspend the cells in the phosphate-buffered saline (PBS) buffer. 

2. Spin at 1,000 g, room temperature for 5 minutes. Discard the supernatant, resuspend the cells in the PBS buffer and bring the concentration of cells to 5 – 10 x 107 cells / ml.

3. Pre-warm the cell suspensions at 45oC for 5 minutes in a water bath, and mix with equal volume of 1% LMP agarose in PBS molten and maintained in a 45oC water bath. Aliquot into ice-cold 100-l plug molds with a pipette using a cut tip and keep the molds on ice for 15 minutes to allow the plugs to completely solidify. 

4. Transfer the plugs into the lysis buffer (0.5 M EDTA, pH 9.0, 1% lauryl sarcosine, and 0.5 – 1 mg/ml proteinase K) at approximately 1 ml lysis buffer per 100-l plug. 

5. Incubate at 50oC with gently shaking for 24 – 48 hours.

6. Wash the plugs once in 0.5 M EDTA, pH 9.0-9.3 for one hour at 50oC, once in 0.05 M EDTA, pH8.0 for one hour on ice, and store in 0.05 M EDTA, pH8.0, at 4oC.  The DNA at this step can be stored at 4oC for one year without significant degradation.

1.3  Preparation of Megabase-size DNA from Insects

Preparation of megabase DNA from insects is similar to those from plants and animals. Because of difficulty of obtaining a large amount of tissue from some species of insects, plugs are often made in preparation of megabase DNA. In this experiment, mosquito megabase DNA is prepared.

I.  Materials

The L1 larvae of mosquito are used as materials. Either fresh or liquid nitrogen-frozen L1 larvae are suitable for preparation of megabase DNA.

II.  Procedure

1. Grind the fresh or frozen L1 larvae to fine powder in liquid nitrogen with mortar and pestle, and transfer the powder into the suspension solution (100 mM NaCl, 200 mM sucrose and 10 mM EDTA, pH 8.0), or add 10 – 20 ml of the suspension solution into the mortar and let it stay at room temperature until the frozen sample and solution just melts.

2. Filter the cell suspensions through 1 – 2 layers of miracloth into a centrifuge tube on ice to remove the large pieces of cell debris and spin at 5,000 rpm, 4oC for 10 minutes to collect the cells. 

3. Discard the supernatant and resuspend the cells in about 0.5 – 1.0 ml of the suspension solution, depending on the amount of the sample used. From 500 mg fresh weight of mosquito larvae, we resuspend the cell pellet in 0.8 ml of the suspension solution and make about 20 100-l plugs.  

4. Pre-warm the cell suspensions at 45oC for 5 minutes in a water bath, and mix with an equal volume of molten 1% LMP agarose in the suspension buffer maintained in a 45oC water bath. Aliquot into ice-cold 100-l plug molds using a cut pipette tip and keep the molds on ice for 15 minutes to allow the plugs to completely solidify. 

5. Transfer the plugs into the lysis buffer (0.5 M EDTA, pH 9.0, 1% lauryl sarcosine, and 0.5 – 1 mg/ml proteinase K) at approximately 1 ml lysis buffer per 100-l plug. 

6. Incubate at 50oC with gently shaking for 24 – 48 hours.

7. Wash the plugs once in 0.5 M EDTA, pH 9.0-9.3 for one hour at 50oC, once in 0.05 M EDTA, pH8.0 for one hour on ice, and store in 0.05 M EDTA, pH8.0, at 4oC.  The DNA at this step can be stored at 4oC for one year without significant degradation.
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Experiment 2   

Preparation of BAC and BIBAC Cloning Vectors

Preparation of BAC and BIBAC cloning vectors is one of the most critical steps for large DNA fragment cloning. The vector to be used in large-insert BAC and BIBAC cloning must be very pure, completely digested (but not over-digested) and completely dephosphorylated (> 95% recombinant clones in a ligation test). Several methods can be used to purify vector DNA, and dephosphorylate digested vectors. Presented in this experiment is the procedure that has been widely used in our laboratory to prepare large-insert cloning vectors, including pBeloBAC11, pECBAC1, pCLD04541, pSLJ1711 and BIBAC2. Using the vectors prepared by this procedure, over 60 large-insert plant, animal and insect BAC and BIBAC libraries has been successfully generated (see http://hbz.tamu.edu).  

I.  Vector DNA Isolation and Purification

1. Streak the stock cells of a cloning vector on a Luria Broth (LB) agar plate plus appropriate antibiotics and grow at 37oC overnight to obtain single colonies. For the vector cells with blue and white (Lac Z) selection such as pBeloBAC11, pECBAC1, pCLD04541 and pSLJ1171, use the LB agar plate containing appropriate antibiotics, X-gal and IPTG. For the vector cells with Sac B selection such as BIBAC2, use the LB agar plate containing appropriate antibiotics and 5% sucrose.

2. Select a single blue colony (Lac Z) or a growing colony (Sac B), inoculate into 50 – 100 ml LB or Terrific Broth (TB) liquid medium containing appropriate antibiotics in a 250-ml glass flask, and grow overnight at 37oC, 250 rpm.

3. Take 10 ml of the overnight culture, inoculate into 1 L of LB or TB medium with appropriate antibiotics and then grow at 37oC, 250 rpm. To obtain a sufficient amount of vector DNA, growing two liters of culture is recommended.

4. After growing for 3 – 5 hours, monitor the OD of the cells at 600 or at 450. The OD600 of the culture should be 0.3 – 0.8 and the OD450 of the culture should be 1.1.

5. Add 5 ml of a stock solution of chloramphenicol (34 mg/ml in ethanol) per liter of culture and continue to incubate the culture for 12 – 16 hours at 37oC, 250 rpm.

6. Harvest the culture cells in five 250-ml centrifuge bottles and centrifuge at 6,000 rpm, 4oC for 15 minutes. Discard the supernatant, and resuspend the pellet in 100 ml cold TE per bottle.

7. Spin at 6,000 rpm, 4oC for 10 minutes. Discard the supernatant and remove all TE with a pipette. 

8. Resuspend the washed bacterial cell pellet in each bottle (from 200 ml culture) in 10 ml of Solution I (50 mM glucose, 10 mM EDTA, pH8.0, 25 mM Tris-HCl, pH 8.0), add 1 ml of a freshly prepared lysozyme solution at 10 mg/ml in 10 mM Tris. HCl, pH 8.0, and incubate at room temperature for 5 – 10 minutes to digest the cell walls. Note that lysozyme will not work efficiently if the pH of the solution is < 8.0.

9. Add 20 ml of freshly prepared Solution II (0.2 N NaOH, 1% SDS) per bottle and mix well. The solution should become clear and viscous immediately. Incubate on ice for 5 – 10 minutes.

10. Add 15 ml of ice cold Solution III (5 M KOAc, pH 4.8 – 5.3). Gently invert and swirl to mix the content. A white precipitate should form immediately. Incubate on ice for 5 – 10 minutes. The precipitate that forms at 0oC consists of chromosomal DNA, high-molecular-weight RNA and potassium/SDS/protein/membrane complexes.

11. Centrifuge the bacterial lysate at 5,000 rpm, 4oC for 10 minutes and filter the supernatants in all bottles through four layers of cheesecloth into a clean flask to collect any of the precipitate. 

12. Transfer the supernatant into fresh centrifuge bottles, add 0.6 volume of isopropanol, mix well, and store at room temperature for 10 minutes.

13. Recover the DNA by centrifugation at 10,000 rpm, room temperature for 10 minutes.

14. Decant the supernatant carefully, and invert the open bottle to allow the last drops of supernatant to drain away. Rinse the pellet and the walls of the bottle with 70% ethanol at room temperature. Drain off the ethanol and place the inverted, open bottle on paper towels for a few minutes at room temperature to allow all traces of ethanol to evaporate.

15. Dissolve the DNA pellet in 6 ml of TE.

16. Transfer the DNA solution into a graduated cylinder of known weight and measure the volume of the DNA solution. For every ml of DNA solution, add exactly 1 g of solid CsCl. Mix the solution gently until the CsCl salt is completely dissolved.

17. Add 10 mg/ml ethidium bromide (EB) stock to the DNA/CsCl solution at a rate of 0.8 ml EB per 10 ml DNA solution. Mix well, weigh the DNA/CsCl/EB solution in the cylinder and adjust the density of the solution to1.50 – 1.60 g/ml.

18. As needed, centrifuge the solution at 8,000 rpm, room temperature for 5 minutes. The furry scum that floats to the top consists of complexes formed between the EB and bacterial proteins.

19. Transfer the clear, red solution under the scum to a suitable tube for subsequent ultra-centrifugation using a Pasteur pipette, balance the tubes and seal.   

20. Centrifuge the density gradients at 45,000 rpm for 16 hours (VTi65 rotor), 45,000 rpm for 48 hours (Ti50), 60,000 rpm for 24 hours (Ti65), or 60,000 rpm for 24 hours (Ti70.1) at 20oC.

Two bands of DNA, located in the center of the gradient, should be visible in ordinary light. The upper band, which usually contains less material, consists of linear bacterial chromosomal DNA, nicked circular plasmid DNA; and the lower band consists of closed circular plasmid DNA. The deep-red pellet on the bottom of the tube consists of EB/RNA complexes.

21. Insert a 21-gauge needle into the top of the tube to allow air to enter and collect the lower circular plasmid DNA band with an 18-gauge needle. If necessary, repeat steps16 – 21.

22. Extract the plasmid DNA solution with an equal volume of H2O-saturated iso-amyl alcohol for 4 – 5 times to completely remove the EB in the solution (no color). 

23. Dilute the DNA/CsCl solution with 3 – 4 volumes of water and precipitate the DNA by adding one volume of isopropanol or two volumes of ethanol and incubating at 4oC for 15 minutes, followed by centrifugation at 10,000 rpm, 4oC for 15 minutes.

24. Discard the supernatant, rinse the DNA pellet with 70% ethanol twice, air-dry, dissolve the DNA in 0.5 ml TE and measure the concentration of the DNA.

II. Vector DNA Digestion

1. Set up the digestion as below and incubate at 37oC for 2 hours.

H2O




238 l






Vector DNA



100 (5 – 10 g)




10 x Reaction buffer


  40 l




40 mM Spermidine (Spd)

  20 l




10 U/ l Bam HI, Hind III or Eco RI
    2 l




_________________________________________











400 l

2. Add another 1 l (10 units) of the restriction enzyme to the digestion and incubate at 37oC for an additional hour.

3. Transfer the reaction onto ice and check the digestion on a 1% agarose gel to ensure that the digestion is complete.

4. Extract the digest with an equal volume of saturated phenol/chloroform (1:1), and spin at 10,000 rpm, room temperature for 5 minutes.

5. Precipitate the DNA by adding 1/10 volume of 3 M NaAC, pH 5.2 and 2 volumes of 100% ethanol, and incubating at –80oC for 10 minutes, followed by centrifugation at 10,000 rpm for 15 minutes.

6. Discard the supernatant, wash the pellet carefully with 70% ethanol, air-dry, dissolve in 100 l H2O, and measure the concentration of the DNA using lambda DNA of known concentration on a 1% agarose gel.

III.  Dephosphorylation of Linearized Vector DNA

1. Set up the dephosphorylation reaction as below and incubate at 37oC for 30 minutes.

H2O




256 l






Digested vector DNA


100 (10 g)




10 x CIAP Reaction buffer

  40 l




1 U/ l CIAP (BRL Gibco)*
            3.89 l




________________________________________









400 l

* Add 3.89 U CIAP/10 g DNA for pBeloBAC11 or pECBAC1, 1.23 U CIAP / 10 g DNA for BIBAC2, 1.0 U / 10 g DNA for pCLD04541 or pSLJ1711.

2. Stop the reaction immediately by adding 4 l 0.5 M EDTA, pH 8.0, 20 l 10% SDS and 40 l 1 mg/ml proteinase K in cold TE to the tube. Incubate at 56oC for 30 minutes.

3. Cool down to room temperature, and extract once with an equal volume of saturated phenol and then once with an equal volume of saturated phenol/chloroform/iso-amyl alcohol (25:24:1).

4. Precipitate the DNA by adding 1/10 volume of 3 M NaAC, pH 7.0 and 2 volumes of 100% ethanol, and incubating at –80oC for 10 minutes followed by centrifugation at 10,000 rpm for 15 minutes.

5. Discard the supernatant, wash the pellet carefully with 70% ethanol, air-dry, dissolve in 200 l H2O, and measure the concentration of the DNA using lambda DNA of known concentration on a 1% agarose gel.

6. Adjust the concentration of the DNA to 10 ng /l for pBeloBAC11 or pECBAC1, and to 40 ng /l for BIBAC2, pCLD04541, or pSLJ1711, aliquot the DNA and store in a –20oC freezer. The vector DNA in the –20oC freezer is good for cloning for at least 6 months.

7. Optional: Check the dephosphrylation of the vector using the conventional ligation test.  When the vector DNA is ligated to digested lambda DNA at a molar rate of 3 vector : 1 digested lambda DNA and transformed into E. coli DH10 cells by electroporation (see Experiment 4), the percentage of recombinant (white) clones should be greater than 95%. 

[image: image5.png]BamH1(1)
Sac 11 (3)
BeoR1(10)
Sac 1(20)

Not 1(11456)

PUC-LINK

Apa L1 (766)
Apa L1 (2012)
Apa L1 (2509)

LOXP511
PUSCEI
TNTATT

pBACe3.6 s
11490 bp

M 1(2790)
Sac 1(2800)

SACBI

ac 11 (2310)

PBAC108L BamH 1(2811)

{WRBZZ Not 1{2850)




NOTES:

[image: image6.wmf]tra

oriV

TrfA

HIIIK (1) 

Bacterial P

-

1

plasmid

derivative: pRK290

(

Ditta

et al. 1980)

pCLD04541

(27.6 kb)

p35S 

ocs3’

RB (7182)

LB (308)

TrfB

Tet

R

pCLD04541 (27.6 kb) 

(C. Dean, John 

Innes 

Institute; Tao and Zhang 

1998) 

r/x

(  )

Bgl

II (10271)

Sal I (11621)

Sma

I (11954)

Sma

I (12843)

RIK (29121, 0)

Cos

NPT

RIK(891)

Bgl

II (1283)

Mlu

I (1104)

Mlu

I (2779)

Bgl

II (3812)

Pst

I  (4240)

Pst

I  (5661)

Apa

I  (5495)

Sal I (5708)

pdBS

RIK(9121)

Xho

I (6601) 

Cla

I (6615)

Hind III (6620) 

Pst

I (6638)

Sma

I (6645)

Bam HI (6650) 

Xba

I (6658)

Sst

I (6668)

Apa

I (6591)

Sal I (6609)

Eco RI (6628)



Experiment 3

Generation of Large DNA Fragments 

from Megabase DNA in LMP Agarose by Partial Digestion for BAC Cloning: 

Determination of Optimal Partial Digestion Conditions

Generation of large DNA fragments is an essential step for large DNA fragment cloning. Large DNA fragments can be generated by either physical shearing, or partial digestion of megabase DNA with a restriction enzyme that cuts relatively frequently within a genome. However, all existing large-insert YAC, BAC, PAC and PBC libraries so far were developed from the DNA fragments generated by the partial digestion approach except for one YAC library (Arabidopsis thaliana) that was constructed from the DNA fragments generated by the physical shearing approach. In comparison, the physical shearing approach is independent of the distribution and frequency of particular restriction sites. Therefore, the fragments generated with this approach are most randomly distributed in the genome, and the library constructed from such fragments is the best representative for the genome. However, the sheared DNA fragments have to be repaired by end-blunting, or modified by adding restriction site-containing synthetic linkers prior to cloning. For the best results, these subsequent steps are often performed with naked DNA, which would damage the large DNA fragments and lead to a low yield of clonable DNA fragments. Because of this, the partial digestion approach has been widely used to fragment megabase DNA for large DNA fragment cloning. The partially restricted fragments can be directly cloned, i.e., no further enzymatic modification of the restricted fragment ends is necessary. For large-insert YAC, BAC, PAC and PBC library development, at least four methods have been used to generate large DNA fragments: (1) varying the concentration of the restriction enzyme, (2) varying the time of digestion with the same amount of the restriction enzyme, (3) varying the concentration of an restriction enzyme cofactor (e.g., Mg2+), and (4) varying the ratio of the restriction enzyme to the corresponding methylase. In this experiment, we will determine the optimal partial digestion conditions for BAC cloning by varying the concentration of the restriction enzyme.
I. Prepurification of Megabase DNA Embedded in LMP Agarose Plugs or Microbeads

The megabase DNA LMP plugs or microbeads are often stored in 50 mM EDTA, pH8.0 at 4oC. Before use, it is necessary to further purify the DNA and remove the proteinase K used in the lysis buffer during megabase DNA preparation.

1. Wash the agarose microbeads or the plugs containing megabase DNAs three times in 10 - 20 volumes of ice cold TE (10 mM Tris-HCl, pH8.0, 1 mM EDTA pH 8.0) plus 0.1 mM phenylmethyl sulfonyl fluoride (PMSF) on ice, one hour each wash. 

2. Further wash the plugs or the beads three times in 10 - 20 volumes of ice cold TE on ice, one hour each wash. 

3. Store the plugs or beads in TE at 4oC before use. At this stage the plugs or beads can be stored for several months without significant degradation.

II. Determination of Optimal Partial Digestion Conditions

1. Set up the following incubation in a 15 ml Falcon tube (for six reactions):







Incubation Buffer (1)






Beads



Plugs



H2O

      
797 x 6 =  4,782 l
 
867 x 6 = 5202 l

  


Megabase DNA
100 x 6 =     600 l*    30 (3/9 plug) x 6 = 160 l (18 slices)**



10 x enzyme buffer    
100 x 6 =     600 l

100 x 6 =   600 l
 



1 M spermidine
    2 x 6 =       12 l

       2 x 6 =  12 l




1 M DTT

    1 x 6 =         6 l

       1 x 6 =    6 l
 


   * Mix the beads well and pipette the beads with a cut-off tip. 

** Cut a 100 l plug into 9 slices with a glass slide cover and take 3 slices for each reaction. 

2.
Incubate the plug slices or beads as follows:

Beads:
Buffer (1), on ice, 30 minutes  - buffer (1), on ice, 30 minutes.  To collect the beads, spin the tube at 3,000 RPM for 2 minutes and pipette out the incubation buffer (1) down to a total volume of 600 l.

Plugs:    

Buffer (1), on ice, 30 minutes  - buffer (1), on ice, 30 minutes.

3.

Beads: 


Aliquot the 600 l beads into six 1.5 ml tubes, 100 l per tube, and then add 100 l of the digestion buffer (2) per tube.


Plugs:


Transfer the plug slices into six 1.5 ml tubes, 3 slices per tube, and then add 170 ul of the digestion butter (2) per tube. 







      Digestion Buffer (2)







Beads


Plugs


H2O



 74 l

  
137  l


10 x enzyme buffer

 10 l

   
  17  l



1 M spermidine

0.2 l
 

0.34 l



1 M DTT


0.1 l


0.17 l



10 mg/ml BSA

 10 l

 
   10 l



Enzyme

        2 - 10 l
 
          2 - 10 l   
  

4.          Add a restriction enzyme (Bam HI, or Eco RI) to each tube at the following amounts:


 Enzyme (unites/tube):    
Tube 1

2
3
 4
  5
  6




Beads:  
   0
          
0.3       0.6
1.2
2.4
4.8




 Plugs:
   
   0
          
0.3       0.6
1.2
2.4
4.8


Note:  The enzyme should be diluted with the digestion buffer (2).

5.

Mix the reactions and incubate the plug slices or beads as follows:

Beads:

Buffer (2), on ice, 40 minutes  - 37oC, 5 minutes.

Plugs: 

Buffer (2), on ice, 60 minutes  - 37oC, 8 minutes.

6.
Stop the reaction by immediately transferring the tubes onto ice and adding 1/10 volume of 0.5 M EDTA, pH 8.0.

7.
Analyze the partial digestion by pulsed-field gel electrophoresis under the following conditions: 

1% agarose in 0.5 x TBE, 12.5oC (cooler settings), 80 (pump settings), 120o angle, 6 V/cm, initial pulse time of 50 seconds and final pulse time of 50 seconds for 18 - 24  hours.

8.
Stain the gel and photograph. The concentration of the enzyme under which most of the partially restricted fragments fall in a range from 100 - 400 kb on the gel will be selected for large-scale partial digestion for BAC cloning.
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Experiment 4

BAC and BIBAC Cloning - Partial Digestion of Megabase DNA, Size Selection, Ligation and Transformation

Large-insert DNA libraries are crucial for modern genomics research. Large DNA fragment (>100 kb) cloning in bacteria represents the state-of-the-art technology of developing large-insert DNA libraries. Several systems, such as bacterial artificial chromosome (BAC, Shizuya et al. 1992), bacteriophage P1-derived artificial chromosome (PAC, Ioannou et al. 1994) and plasmid-based clone (PBC, Tao and Zhang 1998), have been developed for cloning and stable maintenance of complex genome DNA fragments over 300 kb in Escherichia coli. Because these large-insert bacterial clones are stable in the host cells, have low levels of chimerism, and their DNAs are easy to purify, large-insert BAC, PAC and/or PBC libraries have been rapidly developed for many plants and animals, and widely used in modern research of human, plant and animal genomics. Although BAC, PAC and PBC represent different large DNA fragment cloning systems in bacteria, they require essentially the same cloning procedures. In this experiment, an exercise on BAC cloning will be performed.

I.
Large-scale Partial Digestion of Megabase DNA for BAC Cloning

1.
Set up the following incubation in a 15 ml Falcon tube (for 15 reactions):







 Incubation Buffer (1)





Beads



       Plugs



H2O

      
797 x 15 = 11,955 l
 
867 x 15 = 13,005 l

  


Megabase DNA
      
100 x 15 =   1,500 l *     30 (3/9 plug) x 15 = 450 l (45 slices)**



10 x enzyme buffer    
100 x 15 =   1,500 l

100 x 15 =   1,500 l
 



1 M spermidine
          
2 x 15 =            30 l

    2 x 15 =        30 l




1 M DTT

          
1 x 15 =            15 l

    1 x 15 =        15 l
 


  * Mix the beads well and pipette the beads with a cut-off tip. 

** Cut a 100 l plug into 9 slices with a glass slide cover and take 3 slices for each reaction. 

2.
Incubate the plug slices or beads as follows:

Beads:
Buffer (1), on ice, 30 minutes  - buffer (1), on ice, 30 minutes.  To collect the beads, spin the tube at 3,000 RPM for 10 minutes and pipette out the incubation buffer (1) down to a total volume of 1,500 l.

Plugs:    

Buffer (1), on ice, 30 minutes  - buffer (1), on ice, 30 minutes.

3.
Beads: 


Aliquot the 1,500 l beads into fifteen 1.5 ml tubes, 100 l per tube, and then add 100 l of the digestion buffer (2) per tube.


Plugs:


Transfer the plug slices into fifteen 1.5 ml tubes, 3 slices per tube, and then add 170 l of the digestion butter (2) per tube. 







               Digestion Buffer (2)






Beads



Plugs


H2O



74  x 18 = 1,332 l
   
137 x 18 = 2,466 l


10 x enzyme buffer

10  x 18 =    180 l
    
17  x 18 =     306 l



1 M spermidine


0.2 x 18 =     3.6 l
 
0.34  x 18 =   6.1 l



1 M DTT


  
0.1 x 18 =     1.8 l
 
0.17  x 18 =   3.1 l



10 mg/ml BSA

  
10  x 18 =    180 l
     
10 x 18 =      180 l



Enzyme

  
            2 - 10 l / tube
     

2 - 10 l / tube   
  

4.
Add a restriction enzyme (Bam HI, or Eco RI) to each tube at the following amounts:


 



One-scale lower    Predetermined       One-scale higher






concentration
      optimal conc.         concentration



Enzyme (unites/tube):     Tubes 1 - 5

6 - 10 

11 -  15




        Beads:  
   







        Plugs:
   


Note:  The enzyme should be diluted with the digestion buffer (2).

5.
Mix the reactions and incubate the plug slices or beads as follows:

Beads:
Buffer (2), on ice, 40 minutes  - 37oC, 5 minutes.

Plugs: 
Buffer (2), on ice, 60 minutes  - 37oC, 8 minutes.

6.
Stop the reaction by immediately transferring the tubes onto ice and adding 1/10 volume of 0.5 M EDTA, pH 8.0. Keep on ice before loading a gel for size-selection.

II.  Size-selection for Restricted DNA Fragments from 150 - 400 kb

A.  The First Size Selection

1.
Prepare an 1% agarose gel with sample troughs of suitable sizes for the DNA-restricted plug slices or beads in 0.5 x TBE and allow the gel to completely solidify. Chill the gel running buffer (0.5 x TBE) in the CHEF chamber. Keep 3 - 5 ml of the molten agarose at 60oC for later gel- loading use.

2.
Combine the beads from all tubes into one tube with a cut-off tip, spin at 3,000 RPM for 5 minutes to pellet the beads and remove the buffer carefully. As necessary, repeat this to combine the beads from all tubes into one tube.


The plug slices can be directly loaded into the sample troughs. It is not necessary to combine all slices into one tube.


3.
Load the beads with the same cut-off tip as that used in step 2, or the plug slices into the sample troughs, load 1 - 2 lanes of lambda ladder markers and seal the DNA samples and marker in the wells or troughs with the molten agarose from Step 1.

4.
Size-select the partial digestion by pulsed-field gel electrophoresis (PFGE) under the following conditions: 


12.5oC (cooler settings), 80 (pump settings), 120o angle, 6 V/cm, initial pulse time 90 seconds and final pulse time 90 seconds for 18 - 24  hours.

5.
Excise the gel zones containing the lambda ladder markers and the 2 - 5 mm edge of the DNA sample troughs, stain and photograph with a ruler. 

6.
Locate the zone ranging from 100 - 400 kb on the gel using the lambda marker on the photograph and the ruler as references, excise with a glass slide cover and divide the gel zone into three sections horizontally: 100 - 200 kb, 200 - 300 kb and 300 - 400 kb.

7.
Electroelute the selected DNA in each gel section (slice) into a dialysis tube (cutoff = 14 KD) as follows:

a).
Cut the dialysis tube into a piece of 5 - 10 cm long (depending the size of the gel section to be electroeluted), rinse with ice-cold dd.H2O a few times and then with ice-cold 0.5 x TBE. 

b).
Place the gel section containing the size-selected DNA fragments into the tube, close one end of the tube with a membrane tubing closure, fill the tube with ice-cold 0.5 x TBE to completely submerge the gel slice in the buffer (usually 100 - 300 l), remove all bubbles in the tube, and close the other end of the tube.

c).
Submerge the dialysis tube in 0.5 x TBE in the CHEF chamber and electroelute the DNA in the gel section by PFGE under the following conditions:  


12.5oC (cooler settings), 80 (pump settings), 120o angle, 6 V/cm, initial pulse time 30 seconds and final pulse time 30 seconds for 4 hours.

d).
After four hours, turn the dialysis tube on 180o and continue to run the tube for exactly one minute to run the eluted DNA off the dialysis tube wall.

e).
Carefully collect the DNA in the dialysis tube with a cut-off tip into a 1.5 ml microtube. This DNA can be directly used for ligation, or for the second size-selection, as needed.

B.
The Second Size Selection

1.
Prepare a new 1% agarose gel with sample troughs of suitable sizes for DNA sample collected in 0.5 x TBE and allow the gel to completely solidify. Chill the gel running buffer (0.5 x TBE) in the CHEF chamber. Keep 1 - 2 ml of the molten agarose at 60oC for later use in gel loading.

2.
Load 1 - 2 lanes of lambda ladder markers and seal in the wells with the molten agarose, and submerge the gel in the chilled 0.5 x TBE in the CHEF chamber.

3.
Add 1/10 volume of 10 x gel-loading buffer to the DNA sample, mix gently and load the DNA collected from the first size selection with a cut-off tip.

4.
Run the gel under the following conditions: 


12.5oC (cooler settings), 80 (pump settings), 120o angle, 4 V/cm, initial pulse time 5 seconds and final pulse time 5 seconds for 6 - 10  hours.

5.
Excise the gel zones containing the lambda ladder markers and the 2 - 5 mm edge of the DNA sample troughs, stain, photograph, and mark the compressed DNA (> 100 kb) on the gel with a razor blade. 

6.
Locate the compressed DNA zone on the gel using the corresponding gel mark for it as reference, excise with a glass slide cover and perform the electroelution of the DNA as above (7a - d). The DNA eluted from the gel slice can be directly dialyzed in the same tube against ice-cold 0.5 x TE.

III.  Ligation of the Size-selected DNA Fragments to the BAC Cloning Vector (pBeloBAC11)
1.
Dialyze the DNA eluted from the gel slice twice in the same tube against one liter of ice-cold 0.5 x TE on ice,  > one hour each time.

2. 
Carefully collect the DNA in the dialysis tube with a cut-off tip into a 1.5 ml microtube.

3.
Estimate the concentration of the DNA on an 1% agarose gel using the known concentration of lambda DNA as standards.

4.
Set up the ligations at the molecular weight ratio of vector : DNA = 1 : 4 as follows:






From lower section to higher section in the selected zone 





               of the gel from the first size-selection





       1


    2


3



H2O






DNA



pBeloBAC11



10 x ligation buffer



T4 DNA Ligase






______________________________________________


Note: Do not mix the reaction with a pipette tip - mix the reaction by gently inverting the tube several times.

5. 
Spin briefly to collect the reaction on the bottom of the tube, transfer 10 l of the ligation reaction into a 0.5 ml tube containing 200 - 400 ng lambda /Hind III DNA in a volume of 1 - 2 l, mix and spin down. This is used to check the reaction of the DNA-vector ligation (ligation check).

6.
Incubate the ligation reactions along with the ligation check reactions at 16oC for 8 - 12 hours.

VI.  Transformation of the Ligated DNA into E. coli DH10B by Electroporation
1.
Make plates containing 25 g LB base, 15 g agar, 1 ml 12.5 mg/ml chloramphenicol, 75 l 200 mg/ml IPTG and 3 ml 20 mg/ml x-gal per liter.

2.
Check the ligations by running the ligation checks on an agarose gel using the lambda/Hind III DNA as a control. The single band of the ligation check indicates that the corresponding ligation reaction is good.

3.
Transform the ligated DNA into the E. coli Strain DH10B electrocompetent cells by electroporation using the Cell Porator and Voltage Booster System (BRL Gibco) at the following settings:




Cell Porator:





Voltage Booster:



Voltage
350




Resistance
4K ohms




Capacitance
330 F




Impedance
Low ohms




Charge rate
Fast

4.
Collect the cells from the cuvette with a pipette into 1 ml SOC medium and incubate at 37oC with shaking at 200 RPM for one hour to allow the cells to recover and develop resistance to antibiotics (chloramphenicol).

5. Plate the cells (0.5 - 1 ml) on the LB agar plate containing chloramphenicol, IPTG and X-gal (see Step 1), dry in a laminar flow hood to allow the cells to be completely absorbed into the medium, and incubate at 37oC for 24 - 36 hours to allow the colony colors to fully develop. The colorless (white) clones are potential recombinants (BACs).

6. Check the insert sizes of the clones and the percentage of white clones without inserts as Experiment 5. If the insert sizes of the clones and the percentage of empty clones (<10%) are suitable for genomics research, array each colony on the agar plates as an individual clone in 384-well microplates containing 50 l / well of the cell freezer storage medium. 

7. Grow the clones overnight at 37oC and store at –80oC. To prevent the library from artificial contamination and accident loss, duplicate it into three copies, one being used as working copy, one as master copy and one as backup copy.


NOTES:


Experiment 5  

BAC Analysis

Analysis of large-insert bacterial clones, such as BACs, PACs and PBCs, is an essential experiment to characterize and utilize large-insert bacterial clones for genomics research. This experiment provides basic training on large-insert BAC clone analysis.

I.  Reagents
1.
Solution 1





Final concentration


For 1 L




50 mM Glucose


 9 g





10 mM EDTA, pH 8.0

20 ml 1M





25 mM Tris.HCl, pH 8.0

25 ml 1M






Store at 4oC. 


2.
Solution 2 





Final concentration


For 100 ml



0.2 N NaOH



5 ml 4N




1% SDS



5 ml 20%




dd.H2O


          90 ml




Prepare before use. 

3.
Solution 3 (3 M KOAc)





60 ml of 5 M potassium acetate





28.5 ml glacial acetic acid





11.5 ml H2O





pH should be between 4.8 and 5.3. Store at room temperature.

II.  Procedure

1.
Inoculate a single colony in 5 ml of LB plus suitable antibiotics (for the BACs in pBeloBAC11 and in pECBAC1, use 12.5 g/ml chloramphenicol; for the binary BACs in V41, use 15 g/ml tetracycline) and grow at 37oC with shaking at 250 RPM for 16 to 20 hours.

2.
Centrifuge the entire overnight culture at 1,500g in a desktop centrifuge for 10 minutes, pour out the supernatant, resuspend the pellet in the remaining culture (left over - about 0.05 - 0.1 ml) with a Votex. Add 0.2 ml of Solution 1, and incubate on ice for 5 minutes.

3.
Add 0.4 ml of Solution 2, mix gently, and incubate on ice for 5 minutes.

4.
Add 0.3 ml of Solution 3, mix gently, and leave on ice for 15 minutes.

5.
Centrifuge at 2,800g for 15 minutes in a desktop centrifuge to collect the precipitate.

6.
Transfer 0.75 ml of the supernatant to a new microtube, add 0.45 ml isopropanol, mix, and centrifuge at 12,000g in microcentrifuge for 5 minutes to pellet DNA.

7.
Remove the supernatant, wash the pellet with 70% ETOH, and centrifuge at 12,000g for 2 minutes.

8.
Dry the DNA pellet on the bench by inverting the tube, add 40 ul TE (pH 8.0), and dissolve the DNA. Incubation of the pellet at 65oC for 10 minutes helps to dissolve the DNA in TE.

9.
Take 10 ul of the DNA solution, digest with 3 U Not I for 3 hours at 37oC in a reaction volume of 40 ul as follows:





H2O


         23.7 l





BAC DNA


10 l





10 x Not I buffer 

  4 l





40 mM spermidine

  2 l





10 units / l Not I
          0.3  l





__________________________________









40 l





Note:  Prepare the reaction on ice.
10. Stop the reaction by adding 1/10 volume (4 l) of 10 x loading dye, heat the digested DNA at 65oC for 10 minute to separate sticky ends, immediately plunge into ice, and run on a 1% agarose by pulsed-field gel electrophoresis in 0.5 x TBE under the following conditions: 


12.5oC (Cooler settings), 80 (Pump settings), initial pulse time 5 seconds, final pulse time 15 seconds, 120 degree, 6V/cm, and 16 hours. 


Note that a space of 1 - 2 mm between the bottoms of the comb teeth and the gel plate should be kept when casting the gel.
11. Stain the gel for 30 minutes, destain for 30 minutes in water, as needed, photograph the gel to document the BACs. 


NOTES:



Experiment 6   

Manipulation of Large-Insert, Ordered Bacterial Clone Libraries

Large DNA fragment cloning technology has significantly reduced the number of clones needed for a complete genomic DNA library (with an over 99% probability of obtaining at least one clone with a single-copy probe) and thus, made it possible to permanently maintain the individual clones of the library in order. Since a complete large-insert DNA library for a genome of moderate size still contains tens of thousands of clones, such a large-insert, ordered genomic DNA library is often manipulated with a robotic workstation. In this experiment, you will be trained on how to prepare the high density colony membranes from a large-insert, ordered DNA library by using the Biomek 2000 Laboratory Automation Workstation. Although an ordered BAC library will be used in this exercise, the procedure used is well-suited for preparation of high density colony membranes from other bacterial clone libraries, such as PAC, PBC, cosmid, and plasmid libraries.

I.  Biomek 2000 Laboratory Automation Workstation

The Biomek 2000 High Density Replicating (HDR) System is designed for applications that require many small samples to be deposited for the purposes of growth or analysis. The HDR system allows for duplication to be concentrated so that many samples may be transferred to a target area of 12 x 8 cm using the HDR Tool (HDRT). The pattern in which the samples are deposited corresponds to 96- or 384-well plates, such that the desired samples may be traced back to the sample of origin. Therefore, it is routinely used for spotting clones of an ordered library on membranes for bacterial clone growth and high density colony membrane preparation.


The high density replication is determined by the gel. Each gel has 96 or 384 grid locations. A matrix is defined for each grid location in the gel that contains the number and pattern of deposit positions, and the density of those positions. For instance, a gel with a 4 x 4 matrix would define 25 deposit positions for each grid location, totaling 1,536 (16 x 96) deposits on the gel for 96-well plates, or totaling 6,144 (16 x 384) deposits on the gel for 384-well plates.


The HDR system uses two basic subsystems: the sterilization system and the High Density Replicating System. The sterilization system consists of reservoirs that you may use to contain bleach, water, or ethanol, and the fan. Typically, the sterilization process immerses the pins of the HDRT in bleach, then in water, then ethanol, and finally places the tool over the fan to dry the pins of the HDRT (see Figs. 3 and 4).

II. Preparation of the Biomex 2000 Robot for Library Spotting or Gridding onto Membranes

1.   Pour 25 ml of LB agar containing a suitable antibiotics in a sterile lid for 96-well plate to make LB plates. Note that the lid is level when you pour the LB agar in it.

2.   Label a 12 cm x 8 cm nylon membrane with the permanent ink pen or pencil and place it onto the LB plate.

3.   Fill the bleach reservoir with 80 ml of 12% bleach, which is used to sterilize the HDRT pins (see Fig. 4).

4.  Fill the water reservoir with 80 ml of sterile water, which is used to remove the bleach residue from the pins of the tool.

5.   Fill the ethanol reservoir with 80 ml of 95% ethanol, which is used to further sterilize and  dry the pins.

6.   Make sure that the drying fan’s power supply is connected. The fan unit is used to dry the pins of the HDRT.

7.  Place the LB plate with membrane in position.

7. Place the microplates (96- or 384-well plates) containing the samples (50-100 l in each well is recommended) on the Biomek. Remove the lid, if any.

III.  Setting up HDR Gel Definitions and Running the Biomek 2000
1.   To define the gel type for your application, click on the Edit module.

2.   Click on the Method - Open. Double-click on the desired method (5 x 5, 4 x 4, 3 x 3 ...).

3.   Then click on Labware in the Edit menu. A list of labware is displayed.

4.   Click on HDR Gel.

5.   Enter the row (5, 4 or 3 ...) and columns (5, 4, or 3 ...) for matrix that will be applied to all 96 or 384 matrices of the gel.

6.  You may also change the spacing between transfer points by entering the millimeters between each column and row (if 5 x 5, 1,65, 1.65 mm; if 4 x 4 , 1.75, 1.75 mm ... for 96 matrices).

7.   Enter the depth from the top of the reservoir down to the top of the gel (Top 10 mm, Well 5 mm).

8.  Click on OK to enter the parameters for the HDR Gel.

9.   To run an HDR method, click on the Run module in the Option, then the method will run.

10.  Change the sample plate after it is spotted onto the membrane during the robot running.

VI.  Preparation of the High Density Colony Membranes (Filters) for Library Screening
1.   After all membranes are spotted, incubate the plates at 37oC for 18 to 24 hours to allow the cells to grow and the cell colonies to develop. 

2.   Process the membranes with well-developed cell colonies SIDE UP on the sheets of 3 MM chromotography paper saturated with the following solutions in flat trays for the following times.


Note: Do not use an excess amount of solutions for the 3 MM paper saturation during the process, which would lead to the diffusion of the DNA released from cells on the membrane, and make sure that there are no bubbles between the 3 MM paper and the membranes.


_________________________________________________________


Trays

     Solutions used to


Incubation time 





saturate the 3 MM paper

  on the paper


_________________________________________________________


1


10% SDS



4’


2


Denaturing solution


5’


3


Neutralizing solution


5’


4


Neutralizing solution


5’


5


2 x SSC, 0.1% SDS


5’


6


2 x SSC



5’


7


0.4 N NaOH



20’


___________________________________________________________


Neutralizing solution




Denaturing solution

500 ml 1 M Tris. HCl, pH8.0



125 ml 4 N NaOH


300 ml 5 M NaCl




300 ml 5 M NaCl


    2 ml 0.5 M EDTA, pH8.0



575 ml dd. H2O


198 ml dd. H2O




_________________


_______________________



1000 ml 


1000 ml

3.   Place the membranes face down individually in a small tupperware box with a sufficient amount of the following solutions to submerge all filters, and gently shake for the following times:


_________________________________________________________


Boxes


Solutions 


Incubation time 


_________________________________________________________


1


5 x SSC, 0.1% SDS

20’


2


5 x SSC, 0.1% SDS

20’


3


2 x SSC


10’


4


2 x SSC


10’


___________________________________________________________

4.  Air dry the membranes on paper towels briefly to remove all excess liquid from the membranes. At this step, the membranes can be directly used for library screening by colony hybridization, or wrapped up with Saran wrap and stored at 4oC for later use. 

Fig. 3.  Biomek 200 Laboratory Automation Workstation

Fig. 4.  A Typical HDR setup


NOTES:


Experiment  7

BAC and BIBAC Library Screening

The high density colony filters were prepared with the Nybond-N+ nylon membrane (Amersham, USA) and therefore, the Southern blot hybridization protocol specified by the company should be well suited for the BAC colony hybridization. Below is the modified hybridization protocol arriving with Hybond-N+ and the hybridization buffer recipe that we are using for the colony filter hybridization.

I.  Notes on BAC Library Screening

1. The BAC cloning vector pBeloBAC 11 contains l cos and LacZ gene sequences which are widely used in the available DNA cloning vectors. Therefore, the DNA to be used for a probe in hybridization must be the insert DNA of a clone, if the clone is in a vector containing homologous sequences with the BAC cloning vector. The insert DNA can be separated from the vector DNA on an agarose gel.

2. It is not necessary to remove the probe on the filter between hybridizations if different probes are used for each hybridization. The colony filters can be used at least 10 times without significant reduction of hybridization signals. Removal of the probe before each hybridization could reduce the number of times that the filters can be used.  Only as needed, the filters are stripped to remove the probe on the filters.

3. Always store the filters wet - never allow the filters dry!

4. Several-clone combined probes can be used in each hybridization but the DNAs to be used for the probe must be purified inserts.  

5. The best hybridization often gives a slight hybridization background that assists you to visibly identify the exact position of a positive clone.  If no background is obtained, it would be helpful to add approximately 1.0 ng of the BAC cloning vector-homologous sequence such as l DNA or Lac Z gene-containing sequence per labeling reaction.

6. The hybridization buffers recommended below are not only ones - other hybridization buffers successfully used with the Hybond-N+ Nylon membranes can be also used for the colony filter hybridization.

7. It is strongly recommended that the filters be stored in a 4oC refrigerator while they are not used.

II.   Hybridization Buffers

1.  The recipe from the Amersham

___________________________________________________________

Stock solution

Volume (ml)

Final concentration

___________________________________________________________

20 x SSPE

   6.25


     5 x SSPE

100 x  Denhardt's 
   1.25


     5 x Denhardt's

10% (w/v)SDS
   1.25


     0.5% SDS

H2O

 
 16.25

___________________________________________________________

20 x SSPE: 3.6 M NaCl, 0.2 M sodium phosphate, and 0.02 M EDTA, pH7.7.

100 x Denhardt's:  2% (w/v) BSA ( bovine serum albumin), 2% (w/v) Ficoll, 



      and 2% (w/v) PVP (polyvinylpyrrolidone).

2.  The recipe that we use 

______________________________________________________________

Stock solution


Volume (ml)
Final concentration

______________________________________________________________

1 M sodium phosphate, pH 7.2 
    1000

0.5 M sodium phosphate

20% (w/v) SDS


      700

7% (w/v) SDS

10% (w/v) BSA


      200

1% (w/v) BSA

0.5 M EDTA, pH 8.0


          4

1 mM EDTA

H2O




        96

_____________________________________________________________

1 M sodium phosphate: 720 ml 1M Na2HPO4 + 280 ml 1 M NaH2PO4, 




  pH to 7.2 with HCl or NaOH.

III. Hybridization Procedure

1. Denature 0.5 ml of 10 mg/ml solution of sonicated non-homologous DNA per 25 ml hybridization buffer by heating at 100oC for 5 - 10 minutes. Chill on ice and add to the hybridization buffer.

2. Prehybridize the filters in a incubator at 65oC with gentle shaking for at least 2 hours.

3. Prepare the probe to be used and denature the labeled probe (unless using a ssDNA probe) by heating at 100oC for 5 - 10 minutes. Add the denatured probe to the hybridization buffer.

4. Incubate at 65oC for at least 12 hours.

5. Following hybridization, wash the filters by incubating them in the prewarmed to 65oC-0.5 x SSC, and 0.1% (w/v) SDS at 65oC with gentle shaking for three times, 15 - 20 minutes each wash. 

Note: The wash stringency (concentration of SSC) can be adjusted, depending on homology between the probe and the target clone sequences. We have successfully obtained the good positive signals with desirable background with homologous DNA probes in the past few years.

6. Remove the filters, absorb the excess wash buffer on the filters with paper towel, wrap the damp filters in SaranWrap, and carry out autoradiography. 

VI. Membrane Stripping Protocol

For successful removal of the probes on the filters, the filters must never be allowed to dry during or after hybridization and washing. 

At room temperature with shaking:  0.1 - 0.2 N NaOH, 20 minutes - 0.1 M Tris.HCl, pH 7.5, 0.1 x SSC,  0.1% (w/v) SDS, 10 minutes - 0.1 x SSC, 0.1% (w/v) SDS, 10 minutes. 

As necessary, autoradiograph the filters for your normal exposure time to check if the probe has been completely removed. The filters can be wrapped and stored wet at 4oC or directly used for prehybridization and hybridization with a new probe.


NOTES:


Experiment 8

 BAC End Isolation
Many genes and QTLs of importance in plants, animals and human are known only by their phenotypes. Large-insert DNA libraries are essential resources for cloning of such genes and QTLs by positional or map-based cloning. A crucial approach to reach the target gene in the process of map-based cloning is chromosome walking or chromosome landing using large-insert DNA libraries, for which it is essential to isolate the insert ends of the large-insert DNA clones of interest. The isolation of clone insert ends is also widely used to construct the continuously overlapping contig for a genome region of interest. This lab will provide you an exercise of isolating the insert ends of a BAC by inverse PCR (IPCR) and plasmid rescue methods (see Figure 5). These methods are also suitable for isolating the insert ends of YACs.

I.
Cloning the Left Ends of Clones in the Hind III site of pBeloBAC11 by Plasmid Rescue

1.
Isolate BAC DNA from a 5-ml overnight culture by the alkaline lysis method, dissolve in 40 l TE and store at –20oC before use.

2.
Digest the BAC DNA in a 0.5 ml microtube as follows:

H2O



21 l

BAC DNA


10 l (200 – 300 ng)

10 x buffer 


  4 l

40 mM SPD


  2 l

10 mg/ml RNase

  2 l

Bam HI (10U/l)

  1 l

_________________________________








40 l

Note: The ends of some types of large-insert clones cannot be cloned by this method, depending on the cloning vectors. What restriction enzyme to be used for rescuing the large-insert clone insert end depends on the BAC cloning site and the cloning vector.
3. Incubate at 37oC for 2 – 3 hours and run 10 l of the reaction on a 1% agarose gel to check the digestion.

4. Add 70 l of TE to the reaction to make it a volume of 100 l, extract with 100 l of phenol/ chloroform/IAA (25:24:1) and spin at 8 K RPM for 5 minutes.

5. Transfer the aqueous phase (the top layer) of the mixture (about 100 l) into a 0.5 ml fresh microtube, add 1/10 volume of 3 M NaAc, pH5.3 (10 l ), 2/3 volume of isopropanol (67 l), mix and incubate at –80C for 15 minutes.

6. Spin at 8 K RPM for 20 minutes and discard the supernatant.

7. Wash the DNA pellet with 70% ethanol, spin at 8 K RPM for 5 minutes, discard the supernatant, air-dry the DNA pellet and dissolve in 20 l dd. H2O.

8. Set up a self-ligation of the DNA in a 0.5 ml microtube as follows:

H2O



  5.5l

BAC DNA/Bam HI

 10 l 

5 x T4 DNA ligase buffer 
   4 l

T4 DNA ligase

0.5 l

_________________________________




20 l

9.
Incubate at 16oC for overnight.

10.
Transform 1 l of the ligation into E. coli DH10B by electroporation as Experiment 4, plate 50 l of the cells on LB agar plate containing 12.5 mg/L chloramphenicol, and incubate at 37oC for overnight.

The clones that grow on the medium are potential BAC end clones.
11.
Isolate DNA from the BAC end clones as Experiment 5, digest the DNA with Bam HI (the restriction enzyme used for plasmid rescue) and Hind III (the BAC cloning site) and analyze the digestion on a 1% agarose gel using the DNA digested with Bam HI as a control.


The DNA of the subclones having the left BAC end inserts digested with Bam HI and Hind III runs faster than their DNA digested with Bam HI. 

II.
Cloning the BAC Ends by Inverse PCR (IPCR)
1.
Digest the BAC DNA with a suitable restriction enzyme (e.g., Hae III), purify and check the digestion as above (steps 1 – 7 in Section I).

H2O



21 l

BAC DNA


10 l (200 – 300 ng)

10 x buffer 


  4 l

40 mM SPD


  2 l

10 mg/ml RNase

  2 l

Hae III (10U/l)

 1 l

_________________________________








40 l
2.
Set up a self-ligation of the DNA in a 0.5 ml microtube as follows:

H2O




   4 l

BAC DNA/Hae III


 10 l 

5 x T4 DNA ligase buffer 

   4 l

T4 DNA ligase


   2 l

___________________________________



20 l

3.
Incubate at 16oC for overnight.

4.
Set up an IPCR using the ligated DNA as templates as follows:

H2O




 25 l

10 x PCR buffer


   5 l

2 mM dNTPs



   5 l

8 M P1 or P3*


2.5 l

8 M P2 or P4



2.5 l

Ligated DNA



 10 l 

Taq DNA polymerase
(5 U/l) 
0.2 l


___________________________________



50 l


Note: The primer pair P1 and P2 are used for the left end and the primer pair P3 and P4 are used for the right end.

5.
Run the PCR under the following conditions:

94oC, 4 min  –  (94oC, 1 min. 30 sec - 60oC, 2 min - 72oC, 3 min) x 30  - 72oC, 7 min  -  4oC for storage.

6.
Run 5 l of the IPCR reaction on a 1% agarose gel to check the PCR product and purify the PCR product by ethanol precipitation, followed by air-drying the DNA and dissolving in 40 l TE.

7.
Digest the purified PCR product with Hind III (the BAC cloning site) and Hae III (the enzyme used to generate the IPCR template) and analyze the digestion on a 1% agarose gel using the uncut PCR product as a control.

The PCR products that have different migrations between the cut and the uncut PCR products are derived from the BAC insert ends.

Fig. 5.  Isolation of BAC and BIBAC ends by inverse PCR (IPCR) and plasmid rescue.


NOTES:


Appendix A

Preparation of Yeast Chromosome-size DNA and Lambda DNA Ladder

Natural yeast chromosome DNA and lambda DNA ladders are widely used DNA molecular weight markers in megabase DNA analysis and large-insert DNA cloning. Natural yeast has 16 chromosomes ranging from 230 to 1,532 kb in size, which form a ladder when they are fractionated on a pulsed-field gel. Therefore, the intact yeast chromosomal DNA has provided a desirable DNA molecular weight marker.  Lambda phage DNA is 48.5 kb in size, isolated as linear molecules with single-stranded 12-base overlapping (i.e., cohesive) ends and therefore, can be used to prepare ladders of lambda. These single-stranded overlapping ends have facilitated preparation of stable lambda ladders without requiring ligation. This appendix provides simple procedures of preparing yeast chromosome-size DNA markers and lambda DNA ladder markers.

I. Preparation of Yeast Chromosome-size DNA Markers

1. Inoculate a fresh single colony from YPD (1% yeast extract, 2% peptone, and 2% dextrose) or selective medium (-trp –ade  -ura -tyr) plate into 5 ml of yeast strain culture medium YPD and grow overnight at 30oC, 250 rpm. 

2. Inoculate 0.5 ml of the overnight culture into 200 ml of YPD medium (or 400 ml of selective medium) and let the cells grow for 16 – 18 hours at 30oC, 250 rpm.

3. Harvest the cells by centrifuging for 10 minutes at 5,000 rpm. 

4. Discard the supernatant, resuspend the pellet in 30 ml of 50 mM EDTA, pH 8.0 and transfer the cell suspension into a 40-ml centrifuge tube.

5. Centrifuge the cells for 10 minutes at 5,000 rpm, discard the supernatant, and repeat the wash with 30 ml of 50 mM EDTA, pH 8.0.

6. Discard the supernatant as much as possible, and resuspend the cells in 1 ml of SCE (1 M sorbital, 0.1 M Na citrate, 60 mM EDTA, final pH 7.0).

7. Mix with 1 ml of the spheroplasting solution (0.1 mg/ml Zymolyase 100T and 100 mM beta-mercaptoethanol in SCE) and incubate for 5 minutes at 37oC.

8. Add an equal volume of 1% LMP agarose in SCE, pre-melted and held at 42oC to the tube, mix, aliquot into molds with a pipette, and keep the molds on ice for 15 minutes to completely solidify.

9. Transfer the plugs into 40 ml of the SCE plus 100 mM beta-mercaptoethanol and incubate for 4 – 16 hours at 37oC with gentle shaking to digest the cell walls.

10. Replace the SCE buffer with 40 ml of the freshly prepared lysis buffer (0.5 M EDTA, pH 9.0, 1% Na lauryl sarcosine and 0.5 mg/ml Proteinase K), and incubate for 24 – 48 hours at 50oC with gentle shaking.

11. Wash the plugs once in 0.5 M EDTA, pH 9.0-9.3 for one hour at 50oC, once in 0.05 M EDTA, pH8.0 for one hour on ice, and store in 0.05 M EDTA, pH8.0, at 4oC.  The DNA at this step can be stored at 4oC for one year without significant degradation.

12. Test the yeast chromosome markers on a pulsed-field gel to determine the size of the agarose slice to be loaded per lane.

II. Preparation of Lambda DNA Ladders

The use of freshly prepared lambda phage is the key to successful preparation of lambda DNA ladders. The degree of concatamerization of lambda DNA is directly proportional to the starting concentration of the DNA. To yield DNA ladders that extend to 20 to 25-mers (970 – 1,212 kb) of lambda, the concentration should be between 50 and 100 g/ml DNA. Longer lambda ladders can be prepared using higher DNA concentrations, but the spacing between the rungs of the ladder is so reduced under the conditions needed to separate such large DNAs that little is gained.

1. Prepare lambda phage particles by the conventional lambda DNA preparation method (Sambrook et al. 1989), dilute the particles to a concentration of 200 g/ml with lambda buffer, and warm briefly to 37oC (1 g = 2 x 1010 pfu for wild-type lambda).

2. Mix with an equal volume of 1% LMP agarose, prepared in TE, melted and cooled to 40oC.

3. Pipet into molds and allow the agarose to solidify on ice or at 4oC for 10 minutes.

4. Incubate the samples in 0.5 M EDTA, pH 9.0, 1% lauryl sarcosine and 0.2 mg/ml Proteinase K at 50oC with gentle shaking for 48 hours.

5. Test the lambda ladders on a pulsed-field gel to determine the size of the lambda ladder agarose slice to be loaded per lane.


NOTES:


Appendix B

Preparation of Competent Cells for Bacterial Transformation by Electroporation

The transformation efficiency of competent cells is critical to large-insert bacterial clone library construction. Use of the high transformation–efficiency electroporation technology in large-insert recombinant DNA transformation is the key to success of large-insert DNA cloning. It is this technology that has delivered, for the first time, the recombinant DNA constructs of > 100 kb into E. coli cells. For large-insert BAC and BIBAC library construction, the transformation efficiency of the competent cells to be used must be greater than 1010 transformants/ g pUC19 DNA. Such high-transformation efficiency E. coli competent cells are available from commercial companies such as the ELECTROMAX DH10B of the Gibco BRL Life Technologies. Alternatively, they can be prepared from log-phase cultures by washing the cells twice and suspending them at a high cell density (about 1 x 1011 cells/ml) in 10% glycerol. 


To be used as the host of large-insert bacterial clones, bacterial strains must have not only high-transformation efficiency, but also be capable of stably maintaining the large-insert clones in their cells. Many strains of E. coli have been tested and found to be well-suited for high-efficiency transformation by electroporation. However, it seems that all large-insert BAC and BIBAC libraries developed to date are hosted in the E. coli DH10B strain. Use of this strain in large-insert DNA cloning has proven to be important for successful development of large-insert, stable bacterial clone libraries. Provided here is a simple procedure of developing competent DH10B cells of high-transformation efficiency for electroporation.

I.  E. coli Strain 
E. coli strain:  DH10B.

Genotype: F’mcrA ((mrr-hsdRMS-mcrBC) (80dlacZ(M15 (lacX74 deoR recA1 endA1 araD139 ((ara, leu)7697 galU galK  (’ rpsL nupG

II. Procedure

1. Inoculate a fresh colony of the DB10B cells into 50 ml of the SOB medium (without magnesium) in a 500-ml flask and grow with vigorous aeration overnight at 37oC.

2. Dilute 1 ml of the overnight culture cells into 1000 ml of SOB medium (without magnesium) in a 2.8-L flask, and grow for 3 – 5 hours with vigorous aeration at 37oC until OD550 = 0.8. 

3. Harvest the cells by centrifuging at 5,000 rpm (2,600 x g) for 10 minutes.

4. Wash the cell pellet by resuspending in 1000 ml of sterilized, ice-cold wash buffer (10% ultra pure glycerol, 90% distilled ultra pure water, v/v). 

5. Centrifuge the cell suspension at 5,000 rpm (2,600 x g) for 15 minutes, and carefully pour off the supernatant as soon as the rotor stops.

Note: The cells washed in the wash buffer do not pellet well. If the supernatant is turbid, increase the centrifuge time.

6. Repeat steps 4 and 5.

7. Resuspend the cell pellet in the wash buffer to a final density of 200 to 250 OD550 units (about 2 ml). Usually, no additional wash buffer needs to be added to the cell pellet; it can be resuspended in the wash buffer that remains in the centrifuge bottle.

8. The cells can be used immediately or frozen in 100-l aliquots in microtubes using an ice-ethanol bath. Store the frozen cells at –80oC.

9. Optional: Check the transformation efficiency of the cells by electroporation (see Experiment 4) using intact pUC19 DNA as the standard control. The transformation efficiency of the cells should be >1010 cfu/g pUC19 DNA for large-insert BAC and BIBAC library construction. The cells can also be tested in transformation efficiency by direct transformation with the ligation of BAC cloning. 

Note: The DNA to be transformed by electroporation must be free of phenol, ethanol and detergents. Additionally, electroporation would be more efficient if the DNA is in a buffer of very low conductivity, such as 0.5 x TE.


NOTES:


Appendix C  

Chemicals and Supplies

I. Chemicals







Agar








Agarose, DNase and RNase free




Bacto tryptone







Bacto yeast extract








 

Boric acid





 

Chloramphenicol











DTT








E. coli DH10B Electromax Competent cells 



Ethidium bromide








Glacial acetic acid




 

Glucose









HCl










 
 

IPTG






Isopropanol

KCl










Lambda PFG ladder markers




Low-melting-point agarose, DNase and RNase free


MgCl2








MgSO4





   

Mineral oil








Na lauryl sarcosine






Na2 EDTA





 

NaCl






   

NaOH









NN-dimethyl formamide




 

Phenylmethyl sulfony fluoride (PMSF)


Potassium acetate




   

Proteinase K





   

Purified BSA (10 mg/ml)



Purified lambda/Hind III DNA



Restriction enzymes:


   Bam HI

   Eco RI

   Hind III

   Not I



  

Spermidine (trihydrochloride)




Spermine (tetrahydrochloride)




Sucrose (molecular biology grade) 

T4 DNA ligase





Triton X-100







Trizma base








Uncut lambda DNA

 



X-gal 






-mercaptoethanol




     

II.  Supplies:

Centrifuge bottles, 500 or 250 ml


Cheesecloth 

Dialysis closures (clamps)







Dialysis tubing, ¼ in. diameter 

Electroporation chambers 

Falcon tubes, 50 ml




    

Films for photo documentation



Forceps







Funnels






Glass beaker, 1000 ml




Gloves

Ice buckets






Microfuge tubes, 1.5 ml





Microscope glass slide covers





Miracloth

Mortar and pestles, 2 – 3 litters in volume




Notebooks

Nylon membrane, such as Hybond N+

Paintbrushes, small






Paper towels

Pencils

Pens

Petri dishes, 15 x 150 mm




Pipet tips, 1000 l and 200 l



Pipets/pipet bulbs






Plug molds, 100 l/well



Saran wrap

Scissors







Sharpies

Timers


Tooth picks or robot that picks clones







UV-light transparent ruler





Weighing boats, large


384-well plates and lids






NOTES:


Appendix D

Solutions and Preparation

1.
10X Homogenization Buffer (HB) stock: 1 liter

Ingredient


Amount



Final Concentration

Trizma base


12.1 g




0.1 M

KCl



59.6 g




0.8 M

EDTA



37.2 g




0.1 M

Spermidine-HCl

2.55 g




10 mM

Spermine-HCl


3.48 g




10 mM

H2O


        to 1 liter

Adjustment: pH to 9.4-9.5 with NaOH.  Store at 4oC.

2. 
1X Homogenization Buffer (HB): 1 liter

Ingredient


Amount 



Final Concentration

10X HB stock


100 ml




1X

Sucrose


171.15 g



0.5 M

H2O


        to 1 liter

Store at 4oC.

Beta-mercaptoethanol

1.5 ml




0.15%

Adjustment: Before use, add beta-mercaptoethanol to 0.15%.

3.
20% Triton X-100 in 1X HB: (100 ml)

Ingredient


Amount 



Final Concentration

10X HB stock


10 ml




1X

Sucrose


17.15 g



0.5 M

Triton X-100


20 ml




20%

H2O


      to 100 ml

Store at 4oC

4.
Wash Buffer (1X HB plus 0.5% Triton X-100): 1 liter

Ingredient


Amount 



Final Concentration

10 X HB stock


100 ml 



1 X

Sucrose
`

171.15 g



0.5 M

Triton X-100 


25 ml




0.5%

(20% stock in 1 X HB)

H2O


        to 1 liter

Store at 4oC.

Beta-mercaptoethanol

1.5 ml




0.15%

Adjustment: Before use, add beta-mercaptoethanol to 0.15%.

5.
Na lauryl sarcosine (2%): 1 liter

Ingredient


Amount 



Final Concentration

Na lauryl sarcosine

20g




2%

H2O


        to 1 liter

Adjustment: Autoclave.

6.
Lysis Buffer: 1 liter

Ingredient


Amount 



Final Concentration

EDTA



500 ml of 1 M stock


0.5 M (pH 9.0-9.3)

Na lauryl sarcosine

500 ml of 2% stock


1%

Proteinase K







0.2 mg/ml

Adjustment: Before use, add Proteinase K to 0.2 mg/ml.

7.
SCE (for yeast chromosome DNA preparation): 1 liter

Ingredient


Amount 



Final Concentration

Sorbitol


182.2 g



1000 mM

Na citrate


  29.4 g



  100 mM

Na2 EDTA


  22.3 g



    60 mM

H2O


         to 1 liter

Adjustment:  pH to 7.0 with concentrated KOH and autoclave.

8.
EDTA (0.5 M, pH 8.0): 1 liter

Ingredient


Amount 



Final Concentration

EDTA, disodium salt

186.1 g



0.5 M

NaOH



20 g





H2O


        to 1 liter

Adjustment: pH to 8.0 with NaOH.  Aotuclave.

9.
EDTA (1.0 M, pH 9.0 to 9.3): 1 liter

Ingredient


Amount 



Final Concentration

EDTA-di sodium salt

362.2g




0.5 M

NaOH



40g





H2O


        to 1 liter

Adjustment: pH to 9.0 to 9.3 with NaOH.  Aotuclave.

10.
Tris-HCl (pH 8.0): 1 liter

Ingredient


Amount 



Final Concentration

Trisma base


121.1 g



1 M

HCl



42 ml





dd H2O


800 ml

Adjustment: pH to 8.0 with HCl and adjust volume to 1 liter.  Autoclave.

11.
T10E1 (pH 8.0): 1 liter

Ingredient


Amount 



Final Concentration

Tris-HCL


10 ml of 1 M stock


10 mM

EDTA



2 ml of 0.5 M stock


1.0 mM

H2O


 
to 1 liter

Adjustment: Autoclave.

12.
PMSF (phenylmethyl sulfonyl fluoride)

PMSF is a highly toxic acetylcholinesterase inhibitor. To avoid possible lab contamination, we purchase small 250 mg aliquots and then add isopropanol to the entire bottle to make a final concentration of 100 mM.

Ingredient


Amount 



Final Concentration

PMSF



250 mg vial



100 mM

Isopropanol


14.35 ml

Adjustment: Store at 4oC. Warm at 37oC for 15 minutes to dissolve the crystals of PMSF  before use. 

13.
SOB Medium (for E. coli DH10B competent cell prepartion): 1 liter

Ingredient


Amount 



Final Concentration

Bacto tryptone


20 g




2%

Bacto yeast extract 

5 g




0.5%

NaCl



10 ml (1M stock)


10 mM

KCL



2.5 ml (1 M stock)


2.5 mM

H2O



up to 980 ml

Adjustment:  pH to 7.0 with NaOH and autoclave. 

14.
SOC Medium (for E. coli transformation): (1 liter)

To the autoclaved SOB medium, add the followings:

MgSO4/MgCl2 Stocka  
10 ml (2 M stock)


20 mM

Glucoseb


10 ml (2M stock)


20 mM

A: Prepare and filter-sterilize a 2 M Mg ++ stock (1 M MgCl2 - H2O + 1 M MgSO4 -7H2O)

B: Prepare and filter-sterilize a 2 M Glucose stock.

15.
LB Medium (E. coli): 1 liter

Ingredient


Amount 



Final Concentration

Bacto tryptone


10 g




1%

Bacto yeast extract

5 g




0.5%

NaCl



10 g




1%

H2O


        to 1 liter

Agar (for plate)

15 g




1.5%

Adjustment:  pH to 7.0 and autoclave.

16.
Lysozyme Solution: 100 ml

Ingredient


Amount 



Final Concentration

Glucose


0.9 g




50 mM

EDTA (pH 8.0)

2 ml of 0.5 M stock


10 mM

Tris-HCl (pH 8.0)

2.5 ml of 1 M stock


25 mM

H2O


        to 100 ml

Lysozyme







5mg/ml

Adjustment: Volume to 100 ml with pure water and autoclave.  Store at 4oC.  Add lysozyme just before use.

17.
NaOH-SDS stock

Ingredient


Amount 



Final Concentration

NaOH



½ volume of 0.4 N stock

0.2 N

SDS



½ volume 0f 2% stock

   1%

Adjustment: Mix NaOH and SDS stocks just prior to use.

18.
Potassium Acetate Stock (pH 4.8-5.3): 100 ml

Ingredient


Amount 



Final Concentration

Potassium Acetate

60 ml of 5 M KOAc

Glacial Acetic Acid

28.5 ml

H2O



11.5 ml

19.
20X SSC (pH 7.0): 1 liter

Ingredient


Amount 



Final Concentration

NaCl



175.3 g



3 M

Na Citrate 


88.2 g




0.3 M

H2O


        to 1 liter

Adjustment:  Dissolve in pure water and adjust pH to 7.0 with NaOH.

20.
5 X TBE (Electrophoresis buffer): 1 liter

Ingredient


Amount 



Final Concentration

Trisma Base


54 g




0.45 M

Boric Acid


27.5 g




0.45 M

EDTA



20 ml (0.5 M stock)


10 mM

H2O


        to 1 liter

Adjustment: The pH should be about 8.3 and should not require adjustment.

21.
Chloramphenicol (CM)


Stock solution for cell transformation and BAC DNA mini preparation: 12.5 mg/ml in 100% ethanol. Stock solution for vector plasmid preparation: 34.0 (g/ml in 100% ethanol. Store at –20oC.

Adjustment:  For BAC transformation and minipreps: 12.5 (g/ml, and for vector plasmid amplification: 170 – 250 g/ml.

22.
Isopropylthiogalactoside (IPTG)

Stock solution: 200 mg/ml in H2O.  

Adjustment:  Filter-sterilize and store at –20oC. For BAC transformation plates: 24 (l/plate (15 X 150 mm) or 70 l / L medium

23.
5-bromo-4-chloro-3-indolyl-beta-D-galactoside (X-Gal)

Stock solution: 20 mg/ml in NN-dimethyl formamide.  

Adjustment: Store at –20oC. For BAC transformation plates:  240 (l/plate (15 X 150 mm) or 3 ml /L medium.

24.
10 X gel loading buffer:  500 ml

Ingredient


Amount 



Final Concentration

Glycerol


350 ml




35%

5 X TBE


  25 ml




0.25 X

0.5 M EDTA (pH 8.0)

  20 ml




20 mM

20% SDS


    5 ml




0.2%

10 mg/ml bromopheno blue
  50 ml




1.0%

H2O



  50 ml

25.
10 X PCR Buffer: 10 ml

Ingredient


Amount 



Final Concentration

KCl



2.5 ml of 2 M stock


500 mM

Tris.HCl, pH 8.3

1.0 ml of 1M stock


100 mM

MgCl2 



0.15 ml of 1M stock


15 mM

Gelatin



1.0 ml of 1% stock


0.1%

H2O


        to 10 ml

Adjustment:  Aliquote and store at –20oC.

26.
Lambda Buffer: 100 ml

Ingredient


Amount 



Final Concentration

Tris.HCl, pH 7.5

1.0 ml of 1M stock


10 mM

MgSO4 7H2O


0.2 g




  8 mM


H2O


      to 100 ml


27.
Phosphate-Buffered Saline (PBS): 1 liter

Ingredient


Amount 



Final Concentration

NaCl



8.00 g




138 mM

KCl



0.20 g




 2.7 mM

Na2HPO4


1.44 g




  10 mM

NaH2PO4


0.24 g




 1.8 mM

H2O


        to 1 liter

Adjustment:  pH to 7.4 with HCl, autoclave and store at room temperature.

28.
20 mg/ml Proteinase K
20 mg/ml stock solution: 20 mg proteinase K / ml H2O. Store at –20oC.

29.
Suspension Solution (for mosquito DNA preparation): 100 ml

Ingredient


Amount 



Final Concentration

NaCl



2.0 ml  5 M



100 mM

Sucrose


6.8 g




200 mM

EDTA



2.0 ml 0.5 M, pH 8.0


  10 mM

H2O


        to 100 ml

Adjustment: Autoclave and store at 4oC.

30.
10 x Freezer Buffer (for cell storage): 100 ml

Ingredient


Amount 



Final Concentration

K2HPO4


6.27 g




360 mM

KH2PO4


1.80 g




132 mM

Na citrate


0.50 g




  17 mM

MgSO4 7H2O


0.10 g




    4 mM

(NH4)2SO4


0.90 g




  68 mM

Glycerol


  44 ml




  44% (v/v)

H2O


        to 100 ml

Adjustment: Sterilize the buffer by autoclave and store at room temperature (it is normal if precipitation occurs during storage).
31. Cell Freezer Storage Medium:  100 ml

Ingredient


Amount 



Final Concentration

LB broth


90 ml

10 x freezer buffer

10 ml

Adjustment: Add appropriate antibiotics to the medium before use.


NOTES:


Appendix E

Restriction Site Maps of 

Widely Used BAC, BIBAC, PBC and PAC Vectors:  

 pBeloBAC11, pECBAC1, pBACe3.6, BIBAC2, pCLD04541, pSLJ1711 and pCYPAC1

Fig. 6. Bacterial artificial chromosome (BAC) vectors: pBAC108L and pBeloBAC 11.


Fig. 7.  The BAC vectors: pBeloBAC11 and pECBAC1.

Fig. 8.  The BAC vector: pBACe3.6 (Frengen et al. 1999).


Fig. 9. Plant-transformation-competent BIBAC vector: BIBAC2.


Fig. 10. Plant-transformation-competent plasmid-based cloning (PBC) binary vector: pCLD04541.


Fig. 11. Plant-transformation-competent PBC binary vector: pSLJ1711.


Fig. 12. Bacteriophage P1-derived artificial chromosome (PAC) vector: pCYPAC1.


NOTES:


Appendix F

Nucleotide Sequences:

pBeloBAC11, pCLD04541 and pBACe3.6

A.  pBeloBAC11:

The Complete Sequence and Full Restriction Map 

(see http://www.molbiol.ox.ac.uk/~jmejia/sequences.dir/BeloBAC_unformatted.html)

B.    pCLD04541:

The Complete Sequence and Full Restriction Map
(see  http://www.jic.bbsrc.ac.uk/STAFF/caroline-dean/binary.htm)

C. pBACe3.6:

The Complete Sequence and Full Restriction Map
(see  http://www.chori.org/bacpac/)

NOTES:
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