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INTRODUCTION:  
DNA sequencing has become one of the most important techniques in the molecular biology area, and is of value to our students as they enter post-graduate education or the job market. The following laboratory exercise (starting on p.4)  was developed for use in the Microbiology course, BIOL428, a required core course in the curriculum for all Biology majors.  In order to introduce this new lab on DNA sequencing, I first had to learn how to use our newly acquired LiCor 4300 Sequencer with its software (obtained through a joint grant application by the Biology and Chemistry departments.) Thanks to a CART summer grant during the first half of the summer I was able to learn the techniques associated with this instrument  and become comfortable using them so that I could then adapt these somewhat lengthy and cumbersome techniques to a lab exercise for 48 majors, given in 3, 16-student, 2-hour sections on two consecutive days each week.  

In adapting the technology to the demands of a course lab, I ran into a significant problem because the actual procedure in real time requires a half day setup, an overnight “run” and then data analysis the following day.  This is logistically impossible in a lab section of this size and duration (and with 3 sections in two days!).  So I modified the techniques to give the students the chance to perform each part of the sequencing protocol during their 2,  2-hr lab sessions, with break points strategically incorporated at spots where the procedure could logically be halted without problems.   In addition, the reagents are prohibitively expensive for a course lab of this size,  so I decided to let students run through the protocol using ‘sham’ reagents.  Since all solutions are colorless, and there is no way to tell what is in any of the tubes simply by looking, the students can perform all the required manipulations without spending almost $1000 on ‘real’ reagents.  I will perform the actual  sequencing part of the gel electrophoresis experiment myself, using minimal amounts of the actual reagents  and the identical techniques,  to obtain data for students to analyze.  

I will pilot this new lab in the Microbiology course during the Spring of 2007 as written, using the simplest sequencing template, pUC19 plasmid.  If this is successful, I will re-work the lab for the following year using a different template, i.e., genomic DNA from bacterial strains B. subtilis and E. coli , with appropriate primers from the 16S rRNA gene (see sequences below) , and have students compare bacterial strains by examining the “variations on a theme”  in sequences of this ubiquitous gene.  

In addition, now that using the sequencer is less intimidating (although still complicated), it will become part of the plans for my research with undergraduate students, to examine DNA from various bacterial strains with high metal tolerances that were isolated from metal-polluted river sediments in this area.  We would like to identify those strains by sequencing the genes for 16S rRNA.    In this case, research students will be trained and allowed to go through the sequencing process using  bacterial DNA as the template, and 16S rRNA primers.  Although the gene for 16S rRNA is ubiquitous from bacteria to humans, minor variations allow many organisms to be identified in this way.  The sequences for Bacillus subtilis and Escherichia coli rRNA (partial) genes are shown below.  These were obtained from the NCBI/NIH National Library of Medicine database and can be used to help design appropriate PCR primers.  Primers can be prepared by the LiCor corporation (or any of a number of other companies) for about $50-$150 each.  DNA from metal tolerant bacteria can be prepared using any of a number of genomic DNA isolation kits commercially available.  All other reagents remain the same.  
In summary,  the instrumentation now exists in-house to perform DNA sequence analysis for classroom use  in course labs and for use in research with undergraduates.  Over the next few years I will be able to incorporate this new technique into both my teaching and research activities.  

Bacillus subtilis 16S rRNA gene sequence

ORIGIN      

1 agagtttgat cctggctcgg gacgaacgct ggcggcgtgc ctaatacatg caagtcgagc

61 ggacagatgg gagcttgctc cctgatgtta gcggcggacg ggtgagtaac acgtgggtaa

121 cctgcctgta agactgggat aactccggga aaccggggct aataccggat ggttgtttga

181 accgcatggt tcaaacataa aaggtggctt cggctaccac ttacagatgg acccgcggcg

241 cattagctag ttggtgaggt aatggctcac caaggcaacg atgcgtagcc gacctgagag

301 ggtgatcggc cacactggga ctgagacacg gcccagactc ctacgggagg cagcagtagg

361 gaatcttccg caatggacga aagtctgacg gagcaacgcc gcgtgagtga tgaaggtttt

421 cggatcgtca agctctgttg ttagggaaga acaagtaccg ttcgaatagg gcggtacctt

481 gacggtacct aaccagaaag ccacggctaa ctacgtgcca gcagccgcgg taatacgtag

541 gtggcaagcg ttgtccggaa ttattgggcg taaagggctc gcaggcggtt tcttaagtct

601 gatgtgaaag cccccggctc aaccggggag ggtcattgga aactggggaa cttgagtgca

661 gaagaggaga gtggaattcc acgtgtagcg gtgaaatgcg tagagatgtg gaggaacacc

721 agtggcgaag gcgactctct ggtctgtaac tgacgctgag gagcgaaagc gtggggagcg

781 aacaggatta gataccctgg tagtgcacgc cgtaaacgat gagtgctaag tgttaggggg

841 tttccgcccc ttagtgctgc agctaacgca ttaagcactc cgcctgggga gtacggtcgc

901 aagactgaaa ctcaaaggaa ttgacggggg cccgcacaag cggtggagca tgtggtttaa

961 ttcgaagcaa cgcgaagaac cttaccaggt cttgacatcc tctgacaatc ctagagatag

1021 gacgtcccct tcgggggcag agtgacaggt ggtgcatggt tgtcgtcagc tcgtgtcgtg

1081 agatgttggg ttaagtcccg caacgagcgc aacccttgat cttagttgcc agcattcagt

1141 tgggcactct aaggtgactg ccggtgacaa accggaggaa ggtggggatg atgtcaaatc

1201 atcatgcccc ttatgacctg ggctacacac gtgctacaat ggacagaaca aagggcagcg

1261 aaaccgcgag gttaagccaa tcccacaaat ctgttctcag ttcggatcgc agtctgcaac

1321 tcgactgcgt gaagctggaa tcgctagtag tcgcggatca gcatgccgcg gtgaatacgt

1381 tcccgggcct tgtacacacc gcccgtcaca ccacgagagt ttgtaacacc cgaagtcggt

1441 gaggtaacct tttaggagcc agccgccgaa ggtgggacag atgattgggg tgaagtcgta

1501 acaaggtagc c
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Links


LOCUS       ECORGNA                  463 bp    DNA     linear   BCT 26-APR-1993

DEFINITION  E.coli rRNA operon (rrnA) coding for 16S rRNA, promoter region.

ACCESSION   J01694

VERSION     J01694.1  GI:147580

KEYWORDS    16S ribosomal RNA; promoter region; ribosomal RNA; rrnA operon.

SOURCE      Escherichia coli

  ORGANISM  Escherichia coli
            Bacteria; Proteobacteria; Gammaproteobacteria; Enterobacteriales;

            Enterobacteriaceae; Escherichia.

REFERENCE   1  (bases 1 to 463)

  AUTHORS   de Boer,H.A., Gilbert,S.F. and Nomura,M.

  TITLE     DNA sequences of promoter regions for rRNA operons rrnE and rrnA in

            E. coli

  JOURNAL   Cell 17 (1), 201-209 (1979)

   PUBMED   378405
REFERENCE   2  (bases 1 to 463)

  AUTHORS   Sarmientos,P., Sylvester,J.E., Contente,S. and Cashel,M.

  TITLE     Differential stringent control of the tandem E. coli ribosomal RNA

            promoters from the rrnA operon expressed in vivo in multicopy

            plasmids

  JOURNAL   Cell 32 (4), 1337-1346 (1983)

   PUBMED   6188537
COMMENT     Original source text: Escherichia coli DNA.

            Tandem promoters direct rRNA synthesis.

FEATURES             Location/Qualifiers

     source          1..463

                     /organism="Escherichia coli"

                     /mol_type="genomic DNA"

                     /db_xref="taxon:562"

     misc_signal     72..78

                     /note="promoter: RNA polymerase binding site 1"

     misc_RNA        86..>463

                     /note="16S rRNA precursor (alt.; 5' end in vitro)"

     misc_signal     191..197

                     /note="promoter: RNA polymerase binding site 2"

     misc_RNA        202..>463

                     /note="16S rRNA precursor (alt.; 5' end in vitro)"

     rRNA            378..>463

                     /note="16S rRNA (rrnA)"

ORIGIN      57 bp upstream of HaeIII site; 86.5 min on K12 map.

        1 gcataaagaa taaaaaatgc gcggtcagaa aattatttta aatttcctct tgtcaggccg

       61 gaataactcc ctataatgcg ccaccactga cacggaacaa cggcaaacac gccgccgggt

      121 cagcggggtt ctcctgagaa ctccggcaga gaaagcaaaa ataaatgctt gactctgtag

      181 cgggaaggcg tattatgcac accccgcgcc gctgagaaaa agcgaagcgg cactgctctt

      241 taacaattta tcagacaatc tgtgtgggca ctcgaagata cggattctta acgtcgcaag

      301 acgaaaaatg aataccaagt ctcaagagtg aacacgtaat tcattacgaa gtttaattct

      361 ttgagcgtca aacttttaaa ttgaagagtt tgatcatggc tcagattgaa cgctggcggc

      421 aggcctaaca catgcaagtc gaacggtaac aggaagaagc ttg

//

Sep 27 2006 15:22:06
BIOL 428 Microbiology Laboratory

Experiment  7:  DNA Sequencing for Analysis of Bacterial Diversity

In this two week module we will first amplify a gene sequence from an E.coli plasmid called pUC19 by a technique called Polymerase Chain Reaction (PCR).  This method increases the amount of DNA in a sample many thousand times by replication of the template DNA using DNA polymerase,  nucleotides, and  a primer that is complementary to one of the strands of DNA.  The newly made DNA strands will be of random lengths and can be viewed on an agarose gel and/or sequenced directly.   Once the DNA is amplified we will then sequence the strands present using  polyacylamide gel electrophoresis to separate the pieces of newly made DNA by size on our LiCor 4300™ Sequencer.  Each piece of DNA of a different length ends in a specific base.  This allows a sequence to be ‘read’ either by eye or using specialized computer software.  For further theoretical information on the PCR reaction  and some of its many applications, please see your textbook, Chapters 7.8 and 7.9, pp186-88; Ch10.15 and 10.16, pp 287-290; and 18.5 and 18.6, pp 604-607.  We will also discuss this in lecture beforehand.  
In the first week of this lab you will perform the PCR step to amplify the DNA of pUC19 plasmid’s Multiple Cloning Site (MCS), a section of the plasmid which can be used in the cloning process because it contains many sites for restriction endonuclease digestion.  See attached figure at end of this lab exercise.  This will involve setting up the PCR tubes with the template (pUC19) DNA,  two primers of approximately 20 nucleotides each in length (one representing each end of the MCS on opposite strands) and the four nucleotide bases.  Each of the primers carries a different infra-red dye “tag” (called IR700 and IR800 for the absorption wavelength of each), allowing any strand made from this primer to be labeled (called “labeled primer extension”)

NOTE:  you will wear gloves and goggles for all parts of this experiment because you are handling bacterial plasmid DNA, infra-red dyes, acrylamide reagents, and urea.  There is NO radioactivity associated with this procedure.  
Work in groups of 4 students.
Week 1.  A) PCR by Labeled Primer Extension and B) Pouring the sequencing gel (66cm long, 3% acrylamide/urea gel)
A.  PCR by Labeled Primer Extension

The pUC19 DNA used as template is purchased from LiCor Corp. as are the IR dye-labeled pUC primers.  The kit containing the buffer solution, nucleotides, dideoxynucleotides, Taq polymerase enzyme and STOP solution/dye is from Epicentre Corp or US Biochemicals.
The thermocycler (PCR instrument) is already programmed as follows:


Step 1:  92(C for 2 minutes to denature the double-stranded pUC DNA


Step 2:  92(C for 30 seconds as the first step in the reiterative cycle

Step 3:  54(C for 30 seconds to anneal the primers at a lower temperature (but 54C is still pretty hot and this prevents any nonspecific sticking of primers to unrelated areas of the DNA.

Step 4:   70(C for 1 minute:  here is where the Taq polymerase is actually adding new dNTPs to the end of the growing strand of the primer.  This enzyme, from a thermophilic bacterium, Thermus aquaticus (“Taq”), can survive the 94(C temps without being denatured.  With each of the 30 cycles, the primer-extended strands can act as a new template (hence the amplification)  and new primers bind to the original template so many different lengths of the amplified primers are formed.  If and when a dideoxynucleotide is added instead of the normal one, it stops the chain extension (why??) so this strand can act as a template but can’t grow any bigger.     This will take about 1.5 hours once the cycler program is started. It will go through 30 cycles total and stop when finished  (NOTE: You will be pouring the acrylamide gel during this PCR session)
Step 5:  4(C HOLD.  This step  allows the cycler to keep the products cold to prevent sample degradation until you are ready to run the gel.  Generally one sets up the cycler and proceeds to  pour the gel while the PCR reaction takes place.  When the PCR is finished, the gel is usually polymerized and ready to go.  

Preparation of the PCR samples:  WEAR GLOVES; USE FILTERED PIPET TIPS
1. In a 200ul PCR tube dispense the following to make the Master Mix  :

Template pUC DNA


=1ul should be ~200-500fmol =0.2-0.5pmoles

IR dye-labeled primer


=2ul (at 1pmol/ul)

Thermo-Cycle Seq kit buffer

=2ul

dNTP mix (pipet updown first)  
=1ul   

  kit Taq polymerase


=2ul

Sterile ddH2O  to 17 ul

= 9ul________________________



         Total vol = 17 ul

2.  Set up 4 different PCR tubes for each sequence (i.e., primer/template combination) you are doing (one each for A, T, C, G)






   A
       T

     C

 G

3. To each tube add 4 ul of the Termination Mix  (ddNTPs)
4.  To each tube add 4ul of the Master Mix (above, step 1) containing  template/labeled primer/dNTPs/buffer  for extension of strands  (+oil if cycler doesn’t have a heated lid—ours does)

5.  Place the 4 tubes into cycler and start program. 

Select “Run Program” and then “Proceed”.  Press “ Select” until you come to program #3 then press “Proceed” and it will start this program.
6.  When program is finished, add 3ul LiCor Stop solution (instead of loading dye) to each tube

7.  DENATURE samples at 92(C for 3 minutes (you may use either the PCR cycler or the heating block)  and then place tubes on ice and/or freeze the DNA away until next week.
If using 66cm gel load 0.75 to 1ul / lane  (Instructor will tell you)
B.  Pouring the sequencing gel (66cm long, 3% acrylamide/urea gel).  

Pouring a gel of these dimensions will require teamwork.  Unfortunately the logistics of this sequencer with such a big class means that only a few of you will be able to participate in this activity while the others watch.  (It’s a pain in the neck to pour these gels so count yourself lucky if you’re just watching!!).  Before starting,  consult the figure in the lab to see how the gel assembly looks.
1. Swab down the plates with 100% EtOH to remove any grease or miscellaneous dust.

2. insert a swab into the “Bind Silane” mixture and swab the area on the inside of the notched plate from the top to about 1.5cm down.  Let it dry.  (You may need to wipe the plates again w/ 2-propanol if any dust has settled onto them.  They must be absolutely clean or you will not get a good ‘read’).  

3. Here’s where the teamwork comes in:  lay the unnotched plate on the bench, inside facing up (beveled edges go inside).  Lay the spacers at the L and R edges so they are even with the bottom of the plate.  While 1-2 people hold the spacers and plate,  1-2 others will gently angle the notched plate down onto the spacers/bottom plate.  Then 2 of you will lift up the plates/spacers sandwich until it is upright (CAUTION:  plates are heavy, bulky and awkward---be careful).  With one person holding each side of the plate,  even up the spacers and plate edges in this upright position.

4. Now it’s time to but the binding rails on the edges to keep the sandwich together.  A third person will unscrew the tightening knobs on the rails, and gently wiggle it 
5. onto the L side of the plate, taking care to keep spacers and plates even. The top part of the rail is the part with the ‘notched’ area cut out (where the upper buffer tank will be attached).   The left side student can hold the ‘middle’ of the plate top to keep things stable.  

6. Once the rails have been slid in place, gently tighten the knobs but not all the way.

7. Repeat steps 4 and 5 with the R side rails.  

8. When both rails are on the sandwich, finish the tightening of the knobs, again making sure that the plates and spacers are properly aligned.  If not sure, ask the instructor.

9. Rails should be only “finger tight” .  Don’t force them.    

10. There are now 3 people holding the sandwich.  One of you can stop and let the other two gently lower the plate into the casting stand at about a 20 degree angle, notched side facing up on the casting stand.  


GEL PREP  with KBPlus 3.7% acrylamide solution 
Now comes the fun part-----pouring the gel between these two plates that are separated by only 0.2mm (yes that’s a decimal….)

· for 0.2mm thick, 66cm long gels:  measure out 40 ml of gel solution in a graduated cylinder and add it gently to the beaker provided.  (Bring acrylamide to room temp first before setting up the PCR reaction)

· APS:  Make 10% stock:  0.1g/ml DDW daily/fresh.  Always use 18 megaohm water (DDW)

· Running Buffer:  0.8X for tank----



Add 80 ml of the 10X TBE stock to 920ml DDW and mix well.  

In the beaker containing the KB+ acrylamide stock, combine 230ul APS stock (the catalyst) with 23 ul TEMED (tetraethylmethylenediamine as a polymerizing agent )  

· Mix beaker w/ gentle swirling to avoid bubbles!Once APS and TEMED are added and beaker is swirled,  draw solution slowly into a 60cc syringe w/ 14g needle (too fast and you’ll make more bubbles!) 
· Insert needle between plates  at top left or right side of notch (notch side plate is facing UP) Move needle from side to side while evenly dispensing gel by pushing in the plunger.  Do this slowly so that it takes 2-3 seconds to move across the plate.   

· Tap plates continuously to prevent air bubbles as you inject gel.  A second student can tap while the first uses the syringe. 
· Try to get a smooth (not jagged) halfmoon gel front moving down between the gel plates with no air bubbles.

· When gel solution reaches bottom of plate and a small pool of gel overflows  the notched plate, quickly lay plates FLAT on bench.  Plates are so narrow that gel should be held in by surface tension once plates are flat.

· Use bubble hook (blue) to remove any air bubbles 

· Insert comb between plates with flat side DOWN to make a flat trough on gel surface;  (later, once gel is polymerized, comb is turned around with teeth pointing down for loading samples.   Red plastic gauge of comb should rest on top of notch in plate.

· Add a small amount of gel on top of inserted comb to compensate for gel shrinkage (So no air bubbles can get in!!

· Secure the comb:   Place the casting plate (notched plate, nonglass) in the grooved  area in the rails where normally the upper buffer tank sits.  Tighten the upper clamp knobs (on the sides) to secure the comb.

· Gel takes 1 ½ -2 hrs to polymerize.  Do the PCR reactions while gel polymerizes.

Week 2:  Loading the Gel and Setting up the Electrophoresis on the Sequencer
1.  Pre-run gel for 30 min (instructor will do this) to remove excess unpolymerized acrylamide and urea.  The gel will be ready for loading samples at the  beginning of the class.  
2.  When pre-run is finished, carefully remove the upper buffer tank lid.  This gives you access to the gel itself.  Rinse the wells carefully with buffer in a small syringe.  This removes urea and other components that precipitated during the pre-run.  

2.  Each group loads its own samples:  Keep Empty lanes between each group of 4  loaded lanes (not just at ends of gel).
So   AGCT  blank AGCT blank AGCT blank etc in groups of 4 for each sequence w/ one primer 
3.  For PCR reactions performed with both forward and reverse primers this means 8 tubes per group of 4 students.  Each student gets to load 2 samples using the shark tooth comb.   There are 4 groups / section x 8 samples/group so there will be 32 samples / lab section to load.  This may take some time so please be patient while others work.  READ your PCR theory!
4.  Use the P10 or P20 pipette with the LONG FLAT gel tips that are specially designed to fit between the plates (< 0.2mm thick).  Set the pipette for 1 ul and carefully draw that amount up into the tip.  Then position the tip over the well and insert it between the teeth of the comb. (Instructor will diagram this for you on the board first.) This is the hardest part of the procedure because everything is clear (glass, plastic, pipette tips, gel itself, etc) and there is very little contrast.  Only your sample has a dye in it that makes it easier to see.  It is also dense and will easily sink to the bottom of the well so you can follow its path.  Try not to touch the teeth of the sharkstooth comb with your pipette tip as you place it between the comb teeth.  The instructor will demonstrate this (“…one picture is worth 1000 words….”)

5.  When all samples have been loaded onto the gel,  students will put the top back on the upper buffer tank, and start the gel run using the 4300 Browser software  by clicking on “START RUN” button on the program (…duh…).  The program that runs the electrophoresis setup is already set with the specific parameters for the run, including watts (40), volts (1500!) amps (40 mA), heater ON (to keep urea from falling out of solution), time (overnight=18 hours).  At this point you can clean up and go home because the gel will run overnight.  It takes quite a while for the ‘fastest’ , i.e., shortest segments of the DNA to reach the reading ‘window’ and be seen by the IR laser detector.  
6.  The software automatically “reads” the samples on the gel, and records the information photographically and digitally, then sends it to the browser.  You can recall this information either at the dedicated computer console or by using the vpn network  (http://vpn.bridgew.edu)  for the college.  We will use the internet to access this information in the classroom next week.

Week 3: Analyzing the Sequence

 In the classroom, instructor and students will access the sequence data online,  view the gel itself, manually read the sequence from bottom to top of the gel, then check it with the software’s version of the same sequence.   You will compare this gel sequence with the known sequence for this region of the plasmid.   BLAST sequence for pUC19 are available on the Entrez-PubMed website (and below) for us to align the sequences and see how well we did in our analysis.  Please see handout containing a practice read from the tutorial manual.  Try it yourself before class and then apply your new skills to reading the data from the class gel.
Sequence of pUC 19 and its multiple cloning site (MCS) region (in bold, underlined) and below
1 tcgcgcgttt cggtgatgac ggtgaaaacc tctgacacat gcagctcccg gagacggtca

61 cagcttgtct gtaagcggat gccgggagca gacaagcccg tcagggcgcg tcagcgggtg

121 ttggcgggtg tcggggctgg cttaactatg cggcatcaga gcagattgta ctgagagtgc

181 accatatgcg gtgtgaaata ccgcacagat gcgtaaggag aaaataccgc atcaggcgcc

241 attcgccatt caggctgcgc aactgttggg aagggcgatc ggtgcgggcc tcttcgctat

301 tacgccagct ggcgaaaggg ggatgtgctg caaggcgatt aagttgggta acgccagggt

361 tttcccagtc acgacgttgt aaaacgacgg ccagtgccaa gcttgcatgc ctgcaggtcg

421 actctagagg atccccgggt accgagctcg aattcgtaat catggtcata gctgtttcct

481 gtgtgaaatt gttatccgct cacaattcca cacaacatac gagccggaag cataaagtgt

541 aaagcctggg gtgcctaatg agtgagctaa ctcacattaa ttgcgttgcg ctcactgccc

601 gctttccagt cgggaaacct gtcgtgccag ctgcattaat gaatcggcca acgcgcgggg

661 agaggcggtt tgcgtattgg gcgctcttcc gcttcctcgc tcactgactc gctgcgctcg

721 gtcgttcggc tgcggcgagc ggtatcagct cactcaaagg cggtaatacg gttatccaca

781 gaatcagggg ataacgcagg aaagaacatg tgagcaaaag gccagcaaaa ggccaggaac

841 cgtaaaaagg ccgcgttgct ggcgtttttc cataggctcc gcccccctga cgagcatcac

901 aaaaatcgac gctcaagtca gaggtggcga aacccgacag gactataaag ataccaggcg

961 tttccccctg gaagctccct cgtgcgctct cctgttccga ccctgccgct taccggatac

1021 ctgtccgcct ttctcccttc gggaagcgtg gcgctttctc atagctcacg ctgtaggtat

1081 ctcagttcgg tgtaggtcgt tcgctccaag ctgggctgtg tgcacgaacc ccccgttcag

1141 cccgaccgct gcgccttatc cggtaactat cgtcttgagt ccaacccggt aagacacgac

1201 ttatcgccac tggcagcagc cactggtaac aggattagca gagcgaggta tgtaggcggt

1261 gctacagagt tcttgaagtg gtggcctaac tacggctaca ctagaaggac agtatttggt

1321 atctgcgctc tgctgaagcc agttaccttc ggaaaaagag ttggtagctc ttgatccggc

1381 aaacaaacca ccgctggtag cggtggtttt tttgtttgca agcagcagat tacgcgcaga

1441 aaaaaaggat ctcaagaaga tcctttgatc ttttctacgg ggtctgacgc tcagtggaac

1501 gaaaactcac gttaagggat tttggtcatg agattatcaa aaaggatctt cacctagatc

1561 cttttaaatt aaaaatgaag ttttaaatca atctaaagta tatatgagta aacttggtct

1621 gacagttacc aatgcttaat cagtgaggca cctatctcag cgatctgtct atttcgttca

1681 tccatagttg cctgactccc cgtcgtgtag ataactacga tacgggaggg cttaccatct

1741 ggccccagtg ctgcaatgat accgcgagac ccacgctcac cggctccaga tttatcagca

1801 ataaaccagc cagccggaag ggccgagcgc agaagtggtc ctgcaacttt atccgcctcc

1861 atccagtcta ttaattgttg ccgggaagct agagtaagta gttcgccagt taatagtttg

1921 cgcaacgttg ttgccattgc tacaggcatc gtggtgtcac gctcgtcgtt tggtatggct

1981 tcattcagct ccggttccca acgatcaagg cgagttacat gatcccccat gttgtgcaaa

2041 aaagcggtta gctccttcgg tcctccgatc gttgtcagaa gtaagttggc cgcagtgtta

2101 tcactcatgg ttatggcagc actgcataat tctcttactg tcatgccatc cgtaagatgc

2161 ttttctgtga ctggtgagta ctcaaccaag tcattctgag aatagtgtat gcggcgaccg

2221 agttgctctt gcccggcgtc aatacgggat aataccgcgc cacatagcag aactttaaaa

2281 gtgctcatca ttggaaaacg ttcttcgggg cgaaaactct caaggatctt accgctgttg

2341 agatccagtt cgatgtaacc cactcgtgca cccaactgat cttcagcatc ttttactttc

2401 accagcgttt ctgggtgagc aaaaacagga aggcaaaatg ccgcaaaaaa gggaataagg

2461 gcgacacgga aatgttgaat actcatactc ttcctttttc aatattattg aagcatttat

2521 cagggttatt gtctcatgag cggatacata tttgaatgta tttagaaaaa taaacaaata
2581 ggggttccgc gcacatttcc ccgaaaagtg ccacctgacg tctaagaaac cattattatc
2641 atgacattaa cctataaaaa taggcgtatc acgaggccct ttcgtc
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