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Rachdawong, S., Cramer, C.L., Grabau, E.A., Stromberg, V.K., Lacy, G.H., and Stromberg, E.L. 2002. Gaeumannomyces graminis vars. avenae, graminis, and tritici identified using PCR amplification of avenacinase-like genes. Plant Dis. 86:xxx-xxx. 
Identifying take-all pathogens, Gaeumannomyces graminis varieties avenae (Gga), graminis (Ggg), and tritici (Ggt), is difficult.  Rapid identification is important for development of disease thresholds.  We developed a single-tube, PCR method differentiating among Gga, Ggg, and Ggt.  Nucleotide base sequence analyses of avenacinase-like genes from Gga, Ggg, and Ggt isolates provided the basis for designing variety-specific primers.  Sequences from Ggg and Ggt were highly related (99% identity) but Gga sequences were < 95% identical to Ggg and Ggt sequences.  Three 5' primers specific for Gga, Ggt, and Ggg and a single 3' common primer allowed amplification of variety-specific fragments of 617, 870, and 1,086 bp, respectively.  Each 5’ primer was specific in mixed populations of primers and templates.  No PCR products were amplified from related fungi including Gaeumannomyces cylindrosporus and Phialophora spp.  We surveyed 16 putative Ggt isolates using our assay; nine produced Ggt-specific fragments and seven produced Ggg-specific fragments.  Five Gga isolates produced Gga-specific fragments.  However, Gga- and Ggt-specific fragments were observed from a sixth Gga isolate, RB-W, which indicates a mixed culture or a heterokaryon.  Our single-tube, PCR method rapidly differentiates among the important take-all pathogens 

METHODS

Mycological techniques:  Fungal  isolates.  All fungi used in this study are listed in Table 1.
Hyphal tip.  Isolates other than those from the American Type Culture Collection (ATCC, Manassas, VA) were purified by single hyphal tip isolation prior to DNA work.

Cultivation and maintenance. Gaeumannomyces spp. and Phialospora spp. isolates were cultured at 25(C and stored at 4(C on dilute (0.25X) potato dextrose agar (PDA; Sigma, St. Louis, MO).  

Long term storage.  For long-term storage, mycelium plugs were taken from the colony margin using a cork borer (no. 3; 8-mm dia.) and stored at -80(C in 15% glycerol. 

Cultivation for DNA isolation.  For fungal cultivation for DNA isolation, three mycelial plugs were taken from the colony margin using a cork borer (no. 2; 5-mm dia.) and inoculated into 50 ml of 0.25X potato dextrose broth (PDB, Sigma, St. Louis, MO) in a 250 ml flask and grown in an orbital incubator for 7 days at 25(C, 120 rpm.  Resulting mycelia were chopped in a Waring blender and transferred to a 1 L flask containing 250 to 300 ml 0.25X PDB and incubation was continued as previously described for 7 to 10 days.

Harvest.  Mycelia were harvested from PDB on four layers of cheesecloth and transferred onto sterile Whatman No. 1 filter paper.  Wet mycelia were lyophilized overnight, collected, and stored in a desiccator at room temperature until extracted for DNA.

 Preparation of fungal genomic DNA.  Fungal DNA was prepared according to the protocol of Lee and Taylor (25).  Approximately 1 g of dry mycelia was ground in liquid nitrogen, immediately mixed with 10 ml of lysis buffer (50 mM Tris-HCl, pH 7.2; 50 mM EDTA; 3% v/v SDS; and 1% v/v (-mercaptoethanol), stirred with a 5 ml pipet tip, vortexed vigorously until homogeneous, incubated for 1 to 2 hr at 65(C, extracted with phenol:chloroform (1:1 v/v) until the aqueous phase was clear, incubated with RNase A (final concentration of 50 (g/ml) at 37(C for 3 hr, re-extracted once with phenol:chloroform, and precipitated with 0.03 vol. of 3 M sodium acetate and 0.6 vol. of 99% isopropanol at 4(C for at least 30 min.  The DNA was pelleted by centrifugation for 20 min (14,000 x g, 25(C), rinsed with 70% ethanol, dried, and re-dissolved in TE or deionized water.  DNA solutions were stored at 4(C.

PCR of  avenacinase-like genes. About 1.4 kb of the 5’ ends of avenacinase-like genes from Ggt and Ggg isolates were amplified by PCR.

Primers.  Primers AV1 and AV3 (see Fig. 1 for annealing sites and primer sequences) synthesized by Integrated DNA Technologies, Inc. (Coralville, IA; URL = http://www.idtdna.com/).  

Reaction mixture.  PCR reactions were performed in 50 (l reaction volumes containing 50 pmol of each primer, 2.5 U of Taq DNA polymerase (Perkin Elmer AmpliTaq(, PE Biosystems, Foster City, CA), 200 (m of each deoxynucleotide triphosphate (dNTPs), 5 (l of 10 x reaction buffer, 4.5 mM MgCl2, and either 50 ng of fungal DNA or 5 to10 ng of plasmid DNA as template.  

Thermocylcer conditions.  Amplifications were performed in a thermal cycler (Robocycler® Gradient 40 Temperature Cycler, Stratagene, La Jolla, CA) programmed for an initial denaturation of 3 min at 95(C, followed by 35 cycles of denaturation at 94(C for 45 sec, annealing at 59(C for 1 min, and extension at 72(C for 2.5 min.  At the end of these cycles, an additional incubation for 7 min at 72(C ensured complete extension.  

Electrophoresis.  PCR products were separated in 0.7% agarose dissolved in 0.5X TBE buffer (45 mM Tris-borate, 1 mM EDTA, pH 8.0) by electrophoresis, stained with ethidium bromide, and photographed (Polaroid Corp., Cambridge, MA; film types 667 or 55) under UV light at 304 nm with a Wratten 22A filter. 

VERLYN ADD: CLEANING PCR PRODUCT FOR SEQUENCING 

     Spectrometric estimation of nucleic acid concentration: To determine the concentration (C) of nucleic acids, use the absorbance reading at 260nm (A260nm), the size of the DNA in kilobases (S), and the number of base residues (N) in conjunction with one of the following equations:

dsDNA:      C ((g/ml)     =  A260nm/0.020

 C ((mol /(l) = A260nm/(13.2 x S)

ssDNA:      C ((g/ml)     =  A260nm/0.027 

 C ((mol /(l) =  A260nm/(10 x S)  

ssRNA:      C ((g/ml)     =  A260nm/0.025

Oligonucleotides: 

                   C ((g/ml)     =  A260nm/0.050

 C ((mol /(l) =  A260nm x [100/(1.5NA+0.71NC+1.20NG+0.84NT)]  

Dilute template for sequencing.  VERLYN ADD: DILUTING PCR TEMPLATE FOR SEQUENCING
Dilute primers for sequencing.  VERLYN ADD: DILUTING PCR PRIMERS FOR SEQUENCING.  

    Sequencing.  Sequencing facilities, such as those at VPI&SU (URL http://clf.vbi.vt.edu/index.shtml ), (others: UC Davis, URL  http://www.davissequencing.com/; Univ. Chicago, URL http://cancer-seqbase.uchicago.edu/) will carry out cycle sequencing for you if you provide template (PCR product) and primers.  Sequence  either PCR products directly using a dye-terminator cycle sequencing reaction based on the manufacturer’s protocol (BigDye( Terminator Cycle Sequencing, PE Applied Biosystem, Foster City, CA).  Sequencing was performed with an ABI Prism DNA Sequencer model 373A Stretch (PE Applied Biosystem).  Sequence data were analyzed with the aid of Editview or Chromas (URLs http://www.appliedbiosystems.com/ ; http://clf.vbi.vt.edu/downloads.shtml); Lasergene Sequence Analysis Software (GeneDoc; DNAStar Inc., Madison, WI http://clf.vbi.vt.edu/downloads.shtml) and on-line basic BLAST search (BLAST 2.0) provided by the National Center for Biotechnology Information (URL address: http://www.ncbi.nlm.nih.gov/BLAST). 

The published sequence for the Gga avenacinase gene (Genbank accession U35463 http://www.psc.edu/general/software/packages/genbank/genbank.html) was compared with the sequences of the 1.4 kb fragments obtained from Gga isolate ATCC 15419 (Genbank accession number AF365953), Ggg isolate ATCC 12761 (AF365954), and Ggt isolates M1 (AF365958), CB1 (AF365956), CH1 (AF365957), and ATCC 28230 (AF365955) (Fig. 1).  Avenacinase and avenacinase-like genes showed little homology with other genes in family 3 of glucosyl hydrolases such as (-glucosidase genes from Aspergillus kawachii (Genbank AB003470) and GTPase activation proteins of Cochliobolus heterostrophus (Genbank AF029913) (data not shown).

Sequencing avenacinase genes.    (NOTE:  Again, you may sequence directly from PCR products of avenacinase genes rather than using recombinant plasmids.)  using  primers AV1, AV2, and AV3 plus two additional internal primers (5’seq and 3’seq; see annealing sites (see Fig. 1 for primers sequences) .  Prepare PCR products with primer pairs AV1 to 3’ seq, 5’ seq to 3’ seq, and AV2 to AV3.

Amplifying Gga-, Ggg-, and Ggt-specific PCR fragments.  DNA was amplified using three 5’ primers, one specific for each variety of G. graminis, and a single 3’ common primer.  Annealing locations and nucleotide sequences for these primers on the avenacinase-like genes are shown in Fig. 1.  

Primer design.   Three PCR primers were designed to be variety-specific from DNA sequences of the avenacinase-like genes of Ggt and Ggg and the avenacinase gene of Gga (Fig. 1). Variety specificity was established by designing these three primers, nearer the upstream end of the genes, with single or double base differences at the 3’ end of each primer.  A primer common to all three sequences was used for the downstream end of the PCR product.  With this strategy, PCR products amplified from Ggt-, Gga-, and Ggg-specific primers and the 3’ common primer can be distinguished by size: 870, 617, and 1,086 bp, respectively.  (Tm calculators for primers: http://alces.med.umn.edu/rawtm.html; http://clf.vbi.vt.edu/downloads.shtml )

Primer synthesis.  Primers used were synthesized by GIBCO BRL Custom Primers (Life Technologies Inc., Gaithersburg, MD; URL = http://www.invitrogen.com/).  

PCR reaction mixture: 50 (l reaction mixture contained 25 pmol of each of the three variety-specific primers, 75 pmol of 3’ common primer, 2.5 U of Taq DNA polymerase (Qiagen Inc., Valencia, CA), 100 (M of each dNTP, reaction buffer, 3 mM MgCl2 and 50 ng of fungal DNA.  

PCR conditions.  PCR was performed in a thermal cycler (Mastercycler Gradient, Eppendorf Scientific Inc., Westbury, NY) programmed for an initial denaturation of 3 min at 95(C, followed by 30 cycles, each consisting of denaturation at 94(C for 45 sec, primer annealing at 68(C for 45 sec, and extension at 72(C for 2 min.  At the completion of these cycles, an additional incubation for 10 min at 72(C ensured complete extension of PCR products.  

Electrophoresis.  PCR products were separated by gel electrophoresis in 1.8 % agarose.  Negative controls with no DNA template were included in all PCR experiments.  To control for false-positives, some samples were amplified with only a single, variety-specific primer (50 pmol).  

Verification of primer specificity in PCR assays was carried out as described above with some modifications.  If more than one template was added, the ratio of all templates was kept constant at 1:1 or 1:1:1 with 50 ng of each DNA.  To demonstrate the sensitivity of a variety-specific primer, PCR was carried out with a dilution series of DNA template specific to each primer.  The templates were diluted in sterile water and the concentrations of DNA used ranged from 200 ng to 1 pg.  PCR cycling parameters were as described above in this section.  To confirm that each amplified variety-specific fragment had the expected DNA sequence, PCR products were cloned and sequenced.

Southern hybridization.  The presence of single copies of avenacinase-like genes was confirmed in Gga and Ggt isolates by DNA:DNA hybridization (results not shown) using fungal genomic DNAs digested with EcoRI, HindIII, or KpnI and probed with the 750 bp fragment, amplified using AV1 and AV2, from the authentic Gga avenacinase gene cloned in plasmid pA3G2 (3,30) using a kit (DIG Nucleic Acid Detection Kit, Roche Biochemicals,  Indianapolis, IN).  This plasmid was provided by Dr. Ann Osbourn, Sainsbury Laboratory, John Innes Centre for Plant Science Reasearch, Norwich, UK.  

Cloning avenacinase genes.   (NOTE:  The cloning technology described here  is old technology.   Rather than cloning the genes, it is more efficient if sequence directly from the PCR products of the genes.).  The amplified avenacinase-like gene fragments were excised, purified (Gel Extraction Kit, QIAGEN Inc., Valencia, CA), and cloned into plasmid pCR®2.1-TOPO (TOPO( TA Cloning( kit, Invitrogen Corporation, Carlsbad, CA).  Recombinant plasmids consistent with the size expected for inserted avenacinae-like gene fragments were confirmed by EcoRI restriction endonuclease digestion, PCR, and sequence analyses.   Clones containing plasmids with the PCR fragments inserted were purified (Qiaquick Gel Extraction Kit, QIAGEN, Inc., Valencia, CA) and prepared for cycle sequencing (follow instructions of the sequencing facility for plasmid template concentration). 
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Table 1.  Fungal isolates used in this study.

Isolate
Host
Source Location
Source (Reference)

Gaeumannomyces   graminis var. tritici




CB1
Triticum aestivum L.
Bedford Co., VA, USA
(8)

CD1
T. aestivum
Dinwiddie Co., VA,  USA
(8)

CE1
T. aestivum
Essex Co., VA, USA
(8)

CH1
T. aestivum 
Hannover, Co., VA, USA
(8)

CHe1
T. aestivum 
Henrico Co., VA, USA
(8)

CK1a
T. aestivum 
King and Queen Co., VA, USA
(8)

CK1b
T. aestivum 
King and Queen Co., VA, USA
(8)

CS1
T. aestivum 
Suffork Co., VA,  USA
(8)

M1
T. aestivum 
Montana, USA
 D. Mathre1

ATCC 28230
T. aestivum 
United Kingdom
ATCC2

3053
T. aestivum 
Washington, USA
M. Elliott3

3055
T. aestivum 
Oregon, USA
M. Elliott

3056
T. aestivum 
Indiana, USA
M. Elliott

3060
T. aestivum 
Idaho, USA
M. Elliott

3066
T. aestivum 
Montana, USA
M. Elliott

G. graminis var. avenae




ATCC 15419
Avena sativa L.
United Kingdom
ATCC

PG-W
Agrostis stolonifera L.
Pinegrove, Canada
H.C. Wetzel III4

FR-W
A. stolonifera 
France
H.C. Wetzel III

RB-W
A. stolonifera 
Delaware, USA
H.C. Wetzel III

RI-W
A. stolonifera 
Rhode Island, USA
H.C. Wetzel III

WW-W
A. stolonifera 
Ohio, USA
H.C. Wetzel III

G. graminis var. graminis




ATCC 12761
T. aestivum 
United Kingdom
ATCC

FL-19
Cyanodon dactylon (L.) Pers.
Florida, USA
M. Elliott

FL-39
Stenotaphrum secundataum (Walt.) Kuntze
Florida, USA
M. Elliott

FL-175
Oryza sativa L.
Florida, USA
M. Elliott

2033
Glycine max (L.) Merr.
Florida, USA
M. Elliott

Gaeumannomyces cylindrosporus




ATCC 64420
Poa pratensis L.
Rhode Island, USA
M. Elliott

Phialophora radicicola

ATCC 64414
P.  pratensis
Rhode Island, USA
M. Elliott

Phialophora sp.
unknown
unknown
M. Elliott

Cercospora zeae-maydis 

FOO1
Zea mays L.
Wythe Co., VA, USA
E.L. Stromberg

1 Dr. Don E. Mathre, Department of Plant Sciences, Montana State University-Bozeman, Bozeman, MT 

   59717-3150. 
2 American Type Culture Collection, 10801 University Boulevard, Manassas, VA 20110-2209

3 Dr. Monica L. Elliott, Fort Lauderdale Research and Education Center, University of Florida, Ft. 

   Lauderdale, FL 33314-7799.

4 Mr. Henry C. Wetzel III, Department of Plant Pathology, Kansas State University, Manhattan, KS 66506-

   5502.

FIGURE LEGENDS

Fig. 1.  Aligned partial avenacinase and avenacinase-like nucleotide base sequences.  The upstream (5’) sequence (1 to 1385 bp) of the 3143 bp of the complete Gaeumannomyces graminis var. avenae (Gga) avenacinase gene [Genbank accession U35463 from Osborne et al. (30)] are compared with those for the avenacinase gene from Gga strain ATCC 15419 (Genbank accession number AF365953) and avenacinase-like genes from G. graminis vars. graminis [Ggg; ATCC 12761(AF365954)] and tritici [Ggt; ATCC 28230 (AF365956), M1 (AF365958), CB1 (AF365956), and CH1 (AF365957)].  Nucleotides differing from the U35463 sequence are indicated in bold print.  Nucleotides in intron regions are shown in lower case.  Sequences were generated by PCR amplification using primers AV1 and AV3.  Annealing sites for primers (AV1, AV2, AV3, Gga-specific, Ggg-specific, Ggt-specific, and internal primers 5’ and 3’ used for sequencing) are indicated by underlining.  Consensus restriction endonuclease sites in all Gga, Ggg, and Ggt sequences are indicated with open symbols, non-consensus sites are indicated with filled symbols: AluI ((,(; 5’-AGCT-3’), HaeIII ((,(; 5’-GGCC-3’), and MspI ((,(; 5’-CCGG-3’).  The single EcoRI restriction site is indicated.  Alignments were performed using the CLUSTAL method with Weighted residue weight table.  Hyphens were used to maximize the alignment.  

Fig. 1. Rachdawong et al.  Plant Disease

           Primer AV1>                         (
1    AGATGTTGCGCTCAAGTGCTTTCGCTCTCCTCGCCTGGGCCTCCCTCTCGGAAGCCCAGTTCGGCATCAAGCATACTCAG Gga U35463

     AGATGTTGCGCTCAAGTGCTTTCGCTCTCCTCGCCTGGGCCTCCCTCTCGGAAGCCCACTTCGGCATCAAGCATACTCAG Gga ATCC 15419

     AGATGTTGCGCTCAAGTGCTTTCGCTCTCCTCGCTTGGGCCTCCCTCTCGGAAGCCCAGTTCGGCATCAAGCATACTCAG Ggg ATCC 12761

     AGATGTTGCGCTCAAGTGCTTTCGCTCTCCTCGCTTGGGCCTCCCTCTCGGAAGCCCAGTTCGGCATCAAGCATACTCAG Ggt ATCC 28230

     AGATGTTGCGCTCAAGTGCTTTCGCTCTCCTCGCTTGGGCCTCCCTCTCGGAAGCCCAGTTCGGCATCAAGCATACTCAG Ggt M1

     AGATGTTGCGCTCAAGTGCTTTCGCTCTCCTCGCTTGGGCCTCCCTCTCGGAAGCCCAGTTCGGCATCAAGCATACTCAG Ggt CB1

     AGATGTTGCGCTCAAGTGCTTTCGCTCTCCTCGCTTGGGCCTCCCTCTCGGAAGCCCAGTTCGGCATCAAGCATACTCAG Ggt CH1

81   TATGGCACGAGCGAGCCTGTCTACCCGTCGCgtacgttatcaacaagccgaaagccttccgcagaccatcccactttttt Gga U35463

     TATGGCACGAGCGAGCCTGTCTACCCGTCGCgtacgttatcaacaagccgaaagccttccgcagaccatcccactttttt Gga ATCC 15419

     TATGGCACGAGCGAGCCTGTCTACCCGTCGCgtacgttgtcaacaagccaaaagccttccgcagaccatcccactttttt Ggg ATCC 12761

     TATGGCACGAGCGAGCCTATCTACCCGTCGCgtgcgttgtcaacaagccaaaagccttccgcagaccatcccactttttt Ggt ATCC 28230

     TATGGCACGAGCGAGCCTGTCTACCCGTCGCgtacgttgtcaacaagccaaaagccttccgcagaccatcccactttttt Ggt M1

     TATGGCACGAGCGAGCCTGTCTACCCGTCGCgtacgtagtcaacaagccaaaagccttccgcagaccatcccactttttt Ggt CB1

     TATGGCACGAGCGAGCCTGTCTACCCGTCGCgtacgttgtcaacaagccaaaagccttccgcagaccatcccactttttt Ggt CH1

                                                                                    (   (    (
161  ----ctgtctcgtacttgtgctaatcttctcgcacctctaGCCGAAATCTCTGGCTCTGGAGGATGGGAAGCTGGCCTGG Gga U35463

     ----ctgtctcgtacttgtgctaatcttctcgcacctctaGCCGAAATCTCTGGCTCTGGAGGATGGGAAGCTGGCCTGG Gga ATCC 15419

     tt--ctgtctcgtacttgtgctaatctgctcgcacctctaGCCGAAATCTTGGGCTCTGGAGGATGGGAAGCTGGCCTGG Ggg ATCC 12761

     t---ctgtctcgtccttgtgctaatctgctcgcacctctaGCCGAAATCTCGGGCTCTGGAGGATGGGAAGCTGGCCTGG Ggt ATCC 28230

     ttt-ctgtctcgtacttgtgctaatctgctcgcacctctaGCCGAAATCTCGGGCTCTGGAGGATGGGAAGCTGGCCTGG Ggt M1

     ttt-ctgtctcgtacttgtgctaatctgctcgcacctctaGCCGAAATCTCGGGCTCTGGAGGATGGGAAGCGGGCCTGG Ggt CB1

     ttttctgtctcgtacttgtgctaatctgctcgcacctctaGCCGAAATCTCGGGCTCTGGAGGATGGGAAGCTGGCCTGA Ggt CH1

                                                                                 (    

                                  (                                       Ggg-specific primer>

241  CCAAAGCCAAGGACTTCGTCGCGCAACTGACGCCCGAGGAGAAGGCGAACATGGTCACAGGCACCCCCGGTCCCTGCGTG Gga U35463

     CCAAAGCCAAGGACTTCGTCGCGCAACTGACGCCCGAGGAGAAGGCGAACATGGTCACAGGCACCCCCGGTCCCTGCGTG Gga ATCC 15419

     CCAAAGCCAAGGACTTCGTCGCGCAGCTGACGCCCGAGGAGAAGGCGAACATGGTCACGGGCACCCCCGGTCCCTGCGTA Ggg ATCC 12761

     CCAAAGCCAAGGACTTCGTCGCGCAGCTGACGCCCGAGGAGAAGGCGAACATGGTCACGGGCACCCCCGGTCCCTGCGTA Ggt ATCC 28230  
     CCAAAGCCAAGGACTTCGTCGCGCAGCTGACGCCCGAGGAGAAGGCGAACATGGTCACGGGCACCCCCGGTCCCTGCGTG Ggt M1

     CCAAAGCCAAGGACTTCGTCGCGCAGCTGACGCCCGAGGAGAAGGCGAACATGGTCACGGGCACCCCCGGTCCCTGCGTG Ggt CB1

     CCAAAGCCAAGGACTTCGTCGCGCAGCTGACGCCCGAGGAGAAGGCGAACATGGTCACGGGCACCCCCGGTCCCTGCGTG Ggt CH1

                                             ( (                  ((( (               (
321  GGCAACATCGCCCCCGTGCCGCGCCTCAACTTCACCGGCCTGTGCCTACAGGACGGGCCGGCCACCCTCCGCCAGGCCAC Gga U35463

     GGCAACATCGCCCCCGTGCCGCGCCTCAACTTCACCGGCCTGTGCCTACAGGACGGGCCGGCCACCCTCCGCCAGGCCAC Gga ATCC 15419

     AGCAACATCGCCCCCGTGCCGCGCCTCAACTTCACCGGCCTGTGCCTACAGGACGGCCCGGCCACCCTCCGCCAGGCCAC Ggg ATCC 12761

     GGCAACATCGCCCCCGTGCCGCGCCTCAACTTCACCGGCCTGTGCCTACGGGACGGCCCGGCCACCCTCCGCCAGGCCAC Ggt ATCC 28230

     GGCAACATCGCCCCCGTGCCGCGCCTCAACTTCACCGGGCTGTGCCTACAGGACGGCCCGGCCACCCTCCGCCAGGCCAC Ggt M1

     GGCAACATCGCCCCCGTGCCGCGCCTCAACTTCACCGGGCTGTGCCTACAGGACGGCCCGGCCACCCTCCGCCAGGCCAC Ggt CB1

     GGCAACATCGCCCCCGTGCCGCGCCTCAACTTCACCGGGCTGTGCCTACAGGACGGCCCGGCCACCCTCCGCCAGGCCAC Ggt CH1

                         (
401  TTACGTCACCGTCTTCCCGGGCGGTGTCAGCGCGGCTTCGTCGTGGGACAAGGACCTCATCTACAAGCACGGCGTGCTGA Gga U35463

     TTACGTCACCGTCTTCCCGGGCGGTGTCAGCGCGGCTTCGTCGTGGGACAAGGACCTCATCTACAAGCACGGCGTGCTGA Gga ATCC 15419

     TTACGTCACCGTCTTCCCGGGCGGTGTCAGCGCGGCTTCGTCGTGGGACAAGGACCTCATCTACAAGCACGGCGTGCTGA Ggg ATCC 12761

     TTACGTCACCGTCTTCCCCGGCGGTGTCAGCGCGGCTTCGTCGTGGGACAAGGACTTCATTTACAAGCGCGGCGTGCTGA Ggt ATCC 28230

     TTACGTCACCGTCTTCCCGGGCGGTGTCAGCGCGGCTTCGTCGTGGGACAAGGACCTCATCTACAAGCACGGCGTGCTGA Ggt M1

     TTACGTCACCGTCTTCCCGGGCGGTGTCAGCGCGGCTTCGTCGTGGGACAAGGACCTCATCTACAAGCACGGCGTGCTGA Ggt CB1

     TTACGTCACCGTCTTCCCGGGCGGTGTCAGCGCGGCTTCGTCGTGGGACAAGGACCTCATCTACAAGCACGGCGTGCTGA Ggt CH1

                                                     (           (   

       (                                  Ggt-specific primer>                           (
481  TGGCCGAGGAGTTCCGTGACAAGGGGTCCCACGTCATCCTCGGCCCTGTAATTGGTCCCCGTGGAAGGTCCCCGTACGCC Gga U35463

     TGGCCGAGGAGTTCCGTGACAAGGGGTCCCACGTCATCCTCGGCCCTGTAATTGGTCCCCGTGGAAGGTCCCCGTACGCC Gga ATCC 15419

     TGGCCCGAGAGTTCCGTGACAAGGGCTCTCACATCATCCTCGGCCCTGTAATTGGTCCCCTTGGAAGGTCCCCGTACGCC Ggg ATCC 12761

     TGGCCCGAGAGTTCCGTGACAAGGGCTCTCACATCATCCTCGGCCCTGTAATTGGTCCCCTTGGAAGGTCCCCGTACGCC Ggt ATCC 28230

     TGGCCCGAGAGTTCCGTGACAAGGGCTCTCACATCATCCTCGGCCCCGTAATTGGCCCCCTTGGAAGGTCCCCGTACGCC Ggt M1

     TGGCCCGAGAGTTCCGTGACAAGGGCTCTCACATCATCCTCGGCCCCGTAATTGGCCCCCTTGGAAGGTCCCCGTACGCC Ggt CB1

     TGGCCCGAGAGTTCCGTGACAAGGGCTCTCACATCATCCTCGGCCCCGTAATTGGCCCCCTTGGAAGGTCCCCGTACGCC Ggt CH1

561  GGGCGCAACTGGGAGGGATTCTCCCCGACTTCGTACCTCGCGGGCGTCATGGCAGAGCAGACGGTCAAGGGGATGCAGGt Gga U35463

     GGGCGCAACTGGGAGGGATTCTCCCCGACTTCGTACCTCGCGGGCGTCATGGCAGAGCAGACGGTCAAGGGGATGCAGGt Gga ATCC 15419

     GGGCGCAACTGGGAGGGATTCTCCCCCGACTCGTACCTCGCGGGCGTCCTGGCAGAGCAGACGGTCAAGGGGATGCAGGt Ggg ATCC 12761

     GGGCGCAACTGGGAGGGATTCTCCCCCGACTTGTACCTCGCGGGCGTCCTGGCAGAGCAGACGGTCAAGGGGATGCAGGt Ggt ATCC 28230

     GGGCGCAACTGGGAGGGATTCTCCCCCGACTCGTACCTCGCGGGCGTCCTGGCAGAGCAGACGGTCAAGGGGATGCAGGt Ggt M1

     GGGCGCAACTGGGAGGGATTCTCCCCCGACTCGTACCTCGCGGGCGTCCTGGCAGAGCAGACGGTCAAGGGGATGCAGGt Ggt CB1

     GGGCGCAACTGGGAGGGATTCTCCCCCGACTCGTACCTCGCGGGCGTCCTGGCAGAGCAGACGGTCAAGGGGATGCAGGt Ggt CH1

            (
641  aaggacccctctccaccaacatgtcggcgccgagcctattaccccgtaatactgacactt-gacagTCGGTCGGCGTGCA Gga U35463

     aaggacccctctccaccaacatgtcggcgccgagcctattaccccgtaatactgacactt-gacagTCGGTCGGCGTGCA Gga ATCC 15419

     aaggggccctctccagcaacatgttggcgccgagcctatt-ccctgtaatactgacactttgacagTCGGTCGGCGTGCA Ggg ATCC 12761

     aaggggccctctccagcaacatgttggcgccgagcctatt-ccctgtaatactgacactttgacagTCGGTCGGCGTGCA Ggt ATCC 28230

     aaggagccctctccagcaacatgtcggcgccgagcctatt-ccctgtaatactgacactttgacagTCGGTCGGCGTGCA Ggt M1

     aaggagccctctccagcaacatgtcggcgccgagcctatt-ccctgtaatactgacactttgacagTCGGTCGGCATGCA Ggt CB1

     aaggagccctctccagcaacatgtcggcgccgagcctatt-ccctgtaatactgacactttgacagTCGGTCGGCGTGCA Ggt CH1

                           <Primer AV2 

         5’ sequencing primer>                                   Gga-specific primer>         (
721  AGCCTGCACCAAGCACTTCATCGGCAATGAGCAGGAGGAGCAGCGCAACCCCACGGCGGTGGATGGCAAGACGGTTGAGG Gga U35463

     AGCCTGCACCAAGCACTTCATCGGCAATGAGCAGGAGGAGCAGCGCAACCCCACGGCGGTGGATGGCAAGACGGTTGAGG Gga ATCC 15419

     AACCTGCACCAAGCACTTCATCGGCAATGAGCAGGAGGAGCAGCGCAACCCCACGACGGTGGATGGCAAGGGGGTTGAGG Ggg ATCC 12761

     AACCTGCACCAAGCACTTCATCGGCAATGAGCAGGAGGAGCAGCGCAACCCCACGACGGTGGATGGCAAGGGGGTTGAGG Ggt ATCC 28230

     AACCTGCACCAAGCACTACATCGGCAATGAGCAGGAGGAGCAGCGCAACCCCACGACGGTGGATGGCAAGGGGGTTGAGG Ggt M1

     AACCTGCACCAAGCACTACATCGGCAATGAGCAGGAGGAGCAGCGCAACCCCACGACGGTGGATGGCAAGGGGGTTGAGG Ggt CB1

     AACCTGCACCAAGCACTACATCGGCAATGAGCGGGAGGAGCAGCGCAACCCCACGACGGTGGATGGCAGGGGGGTTGAGG Ggt CH1

                                                   (           (                       ( ( 

801  CCATCTCGTCCAACATTGATGACCGCACAATGCACGAGGCCTACCTGTGGCCCTTTTACAACGCCGTCAGGGCCGGCACC Gga U35463

     CCATCTCGTCCAACATTGATGACCGCACAATGCACGAGGCCTACCTGTGGCCCTTTTACAACGCCGTCAGGGCCGGCACC Gga ATCC 15419

     CCATCTCGTCCAACATTGACGACCGCACAATGCACGAGACCTACCTGTGGCCCTTTTACAACGCCGTCAGGGCCGGCACC Ggg ATCC 12761

     CCATCTCGTCCAACATTGACGACCGCACAATGCACGAGACCTACCTGTGGCCCTTTTACAACGCCGTCAGGGCCGGCACC Ggt ATCC 28230

     CCATCTCGTCCAACATTGACGACCGCACAATGCACGAGACCTACCTGTGGCCCTTTTACAACGCCGTCAGGGCCGGCACC Ggt M1

     CCATCTCGTCCAACATTGACGACCGCACAATGCACGAGACCTACCTGTGGCCCTTTTACAACGCCGTCAGGGCCGGCACC Ggt CB1

     CCATCTCGTCCAACATTGACGACCGCACAATGCACGAGACCTACCTGTGGCCCTTTTACAACGCCGTCAGGGCCGGCACC Ggt CH1

                                                     (  

881  ACCTCCATAATGTGCTCTTACCAGAGGATCAACGGCAGCTACGGTTGTCAGAACAGCAAGACCCTCAACGGGCTTCT-CA Gga U35463

     GCCTCCATAATGTGCTCTTACCAGAGGATCAACGGCAGCTACGGCTGCCAGAACAGCAAGACCCTCAACGGGCTTCT-CA Gga ATCC 15419

     ACGTCCATAATGTGCTCTTACCAGAGGATCAACGGCAGCTACGGCTGCCAGAACAGCAAGACCCTCAACGGGCTTCT-CA Ggg ATCC 12761

     ACCTCCATAATGTGCTCTTACCAGAGGATCAACGGCAGCTACGGCTGCCAGAACAGCAAGACCTTCAACGGGCTTCTTCA Ggt ATCC 28230

     ACGTCCATAATGTGCTCTTACCAGAGGATCAACGGCAGCTACGGCTGCCAGAACAGCAAGACCCTCAACGGGCTTCT-CA Ggt M1

     ACGTCCATAATGTGCTCTTACCAGAGGATCAACGGCAGCTACGGCTGCCAGAACAGCAAGACCCTCAACGGGCTTTT-CA Ggt CB1

     ACGTCCATAATGTGCTCTTACCAGAGGATCAACGGCAGCTACGGCTGCCAGAACAGCAAGACCCTCAACGGGCTTCT-CA Ggt CH1

               (                    <3’sequencing primer

961  AGACCGAGCTCGGCTTCCAGGGCTTCGTCGTGTCGGACTGgtgcgtggctacctccctctaccagatgaaacatgcagtg Gga U35463

     AGACTGAGCTCGGCTTCCAGGGCTTCGTCGTGTCGGACTGgtgcgtggctacctccctctaccagatgaaacatgcagtg Gga ATCC 15419

     AGACCGAGCTCGGCTTCCAGGGCTTCGTCGTGTCGGACTGgtgcgtggctacctccctctaccagatgaaacatgcagtg Ggg ATCC 12761

     AGACCGAGCTCGGCTTCCAGGGCTTCGTCGTGTCGGACTGgtgcgtggctacctccttctaccagatgaaacatgcagtg Ggt ATCC 28230

     AGACCGAGCTCGGCTTCCAGGGCTTCGTCGTGTCGGACTGgtgcgtggctacctccctctaccagatgaaacatgcagtg Ggt M1

     AGACCGAGCTCGGCTTCCAGGGCTTCGTCGTGTCGGACTGgtgcgtggctacctccctctaccagatgaaacatgcagtg Ggt CB1

     AGACCGAGCTCGGCTTCCAGGGCTTCGTCGTGTCGGACTGgtgcgtggcttcctccctctaccagatgaaacatgcagtg Ggt CH1

                          (           (              ( 

1041 ccttgttttt-gctaatggccatgacagGGCCGCTACCCATTCCGGAGTTGCCTCCATTGAGGCTGGTCTGGACATGAAC Gga U35463

     ccttgttttt-gctaatggtcataacagGGCCGCTACCCATTCCGGAGTTGCCTCCATTGAGGCTGGTCTGGACATGAAC Gga ATCC 15419

     ccttgttttt-gctaatggccataacagGGCCGCTACCCATTCCGGAGTCGCCTCCATTGAGGCTGGTCTGGACATGAAC Ggg ATCC 12761

     ccttgttttttgctaatggccataacagGGCCGCTACCCATTCCGGAGTCGCCTCCATTGAGGCTGGTCTGGACATGAAC Ggt ATCC 28230

     ccttgttttt-gctaatggccataacagGGCCGCTACCCATTCCGGAGTCGCCTCCATTGAGGCTGGTCTGGACATGAAC Ggt M1

     ccttgttttt-gctaatggccataacagGGCCGCTACCCATTCCGGAGTCGCCTCCATTGAGGCTGGTCTGGACATGAAC Ggt CB1

     ccttgttttt-gctaatggccataacagGGCCGCTACCCATTCCGGAGTCGCCTCCATTGAGGCTGGTCTGGACATGAAC Ggt CH1

            (
1121 ATGCCCGGACCGCTTAATTTTTTTGCCCCAACCTTCGAGTCTTACTTTGGCAAGAACATCACCACTGCGGTCAACAACGG Gga U35463

     ATGCCCGGATCGCTCGATTTTTTTGCCCCAACCTTCGAGTCTTACTTTGGCAAGAACATCACCACTGCGGTCAACAACGG Gga ATCC 15419

     ATGCCCGGACCGCTCAATTTTTTTGCCCCAACCCTCGAGTCTTACTTTGGCAAGAACATCACCACTGCGGTCAACAACGG Ggg ATCC 12761

     ATGCCCGGACCGCTCAATTTTTTTGCCCCAACCCTCGGGTCTTACTTTGGCAAGAACATCACCACTGCGGTCAACAACGG Ggt ATCC 28230

     ATGCCCGGACCGCTCAATTTTTTTGCCCCAACCCTCGAGTCTTACTTTGGCAAGAACATCACCACTGCGGTCAATAACGG Ggt M1

     ATGCCCGGACCGCTCAATTTTTTTGCCCCAACCCTCGAGTCTTACTTTGGCAAGAACATCACCACTGCGGTCAATAACGG Ggt CB1

     ATGCCCGGACCGCTCAATTTTTTTGCCCCAACCCTCGAGTCTTACTTTGGCAAGAACATCACCACTGCGGTCAATAACGG Ggt CH1

                     (
1201 CACACTCTCCTCCCGGAGGGTCGACGAGATGATTGAGCGCATCATGACTCCCTACTTCGCCCTGGGTCAGGACAAGAACT Gga U35463

     CACACTCTCCTCCCGGAGGGTCGACGAGATGATTGAGCGCATCATGACTCCCTACTTCGCCCTGGGTCAGGACAAGAACT Gga ATCC 15419

     CACACTCTCCTCCCGGAGGGTCGACGACATGATTGAGCGCATCATGACTCCCTACTTCGCCCTGGGTCAGGACAAGGACT Ggg ATCC 12761

     CACACTCTCCTCCCGGAGGATCGACGACATGATTGAGCGCATCATGACTCCCTACTTCGCCCTGGGTCAGGACAAGGACT Ggt ATCC 28230

     CACACTCTCCTCCCGGAGGGTCGACGACATGATTGAGCGCATCATGACTCCCTACTTCGCCCTGGGTCAGGACAAGGACT Ggt M1

     CACACTCTCCTCCCGGAGGGTCGACGACATGATTGAGCGCATCATGACTCCCTACTTCGCCCTGGGTCAGGACAAGGACT Ggt CB1

     CACACTCTCCCCCCGGAGGGCCGACGACATGATTGAGCGCATCATGACTCCCTACTTCGCCCTGGGTCAGGACAAGGACT Ggt CH1
                                                      (  (                 EcoRI         (        
1281 ACCCCCCTGTCGACGGCTCCACGGTGTCCGTCGGCTTCTCGCAGCCCGGCTTCTGGAGCCACGAATTCCCCCTCGGCCCC Gga U35463

     ACCCCCCTGTCGACGGCTCCACGGTGTCCGTCGGCTTCTCGCGGCCCGGCTTCTGGAACCACGAATTCCCCCTCGGCCCC Gga ATCC 15419

     ACCCCCCTGTCGACGGCTCCACGGTGCCCATCGGCTACTTGCAGCCCGACGCCTGGAACCACGAATTCCCCCTCGGCCCC Ggg ATCC 12761

     ACCCCCCTGTCGACGGCTCCACGGTGCCCATCGGCTTCTTGCAGCCCGACGTCTGGAGCCACGAATTCCCCCTCGGCCCC Ggt ATCC 28230

     ACCCCCCTGTCGACGGCTCCACGGTGCCCATCGGCTACTTGCAGCCCGACGCCTGGAACCACGAATTCCCCCTCGGCCCC Ggt M1

     ACCCCCCTGTCGACGGCTCCACGGTGCCCATCGGCTACTTGCAGCCCGACGCCTGGAACCACGAATTCCCCCTCGGCCCC Ggt CB1

     ACCCCCCTGTCGACGGCTCCACGGTGCCCATCAGCTACTTGCAGCCCGACGCCTGGAACCACGAATTCCCCCTCGGCCCC Ggt CH1

                    <AV3(3’ common primer)   

1361 ACGGTCGACGTGCGCAGGAACCACCATGAGCA 1385 Gga U35463

     ATGGTTGACGTGCGCAGGAACCACCATGAGCA 1385 Gga ATCC 15419

     ACGGTCGACGTGCGCAGGAACCACCATGAGCA 1387 Ggg ATCC 12761

     ACGGTCGACGTGCGCAGGAACCACCATGAGCA 1388 Ggt ATCC 28230

     ACGGTCGACGTGCGCAGGAACCACCATGAGCA 1388 Ggt M1

     ACGGTCGACGTGCGCAGGAACCACCATGAGCA 1389 Ggt CB1

     ACGGTCGACGTGCGCAGGAACCACCATGAGCA 1390 Ggt CH1 
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