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Specimen storage conditions. Our routine approach was to place live specimens in at least 15 volume-equivalents of 100% ethanol and then, as quickly as possible, to transfer them to -85(C. Sometimes, access to -85( took several weeks. In such cases temporary storage at -20(C (e.g., a "home" freezer) or at 0(C (e.g., an ice cooler) was used when available. However, sometimes specimen cooling proved impractical. At least for small specimens, storage in 100% ethanol at room temperature was satisfactory, even up to a year. 

Nucleic acid extraction protocol.  We used the SV Total RNA Isolation System (cat. # Z3100; Promega Corp. Madison, WI), which is designed to yield total RNA devoid of DNA. However, we have modified the manufacturer's protocol in order to recover DNA along with the RNA. Specifically, we vigorously grind the specimen in lysis buffer followed by vortexing, in order to fragment the genomic DNA. Additionally, the DNase step is omitted.

RT-PCR protocol.  For all primers, we employed RT-PCR rather than direct gene amplification in order to have a good estimate of the amplicon length (thereby facilitating gel isolation) and to avoid having to sequence introns, which are too variable for most of our phylogenetic studies. Prior knowledge of orthologs from other taxa allowed us to predict, usually with great accuracy, the length of an RT-PCR fragment from a novel species. The sensitivity of RT-PCR also compared favorably with DNA-PCR, at least when amplifying mRNAs of widely-and moderately-to-abundantly expressed, single-copy, protein-coding genes. Our basic RT-PCR reaction is described below: 



Part 1: The RT reaction

reaction ingredients


10(l reaction 

25 mM MgCl​2



2 (l (5 mM)

10X PCR buffer II*


1 (l (1()

10 mM each of dATP,

  dCTP, dGTP, & TTP

2 (l (2 mM each)

H​2O




1.75 (l


RNase inhibitor (20 u/(l)

0.5 (l (10 units)

reverse transcriptase 

  (50 u/(l)



0.5 (l (25 units)

reverse primer (20-135 pmoles/(l)
1.25 (l (25-168.75 pmoles)

template



1.0 (l

thermocycler conditions: Run RT program.

Comments on RT reaction
1.  The RNase inhibitor (N808-0119) and MuLV reverse transcriptase (N808-0018) were purchased from Applied Biosystems (Foster City, CA). The MgCl​​2 and 10X PCR buffer II (cat. # N808-0010; 100 mM Tris-HCl, pH 8.3 (at 23(C), 500 mM KCl) were supplied with the AmpliTaq DNA polymerase (see below), also from Applied Biosystems. 

2.  The dNTPs were purchased from Promega Corporation (Madison, WI).

3.  The H2O was salt-free, organic-free "Millipore" water that was further treated with diethylpyrocarbonate and then autoclaved, according to standard procedures. 

4. Primer stock solutions were 20 pmole/(l for EF-1( and EF-2, and 40 pmole/(l for all others. All primers were purchased from Integrated DNA Technologies (Coralville, IA) and were gel purified.

5. The RT thermocycler program was as follows:





42(C, 35 min;





99(C, 5 min;





4(C, for ever;





End


The following section describes the second part of the RT-PCR reaction. (It is not a guide to a stand-alone PCR reaction, which is described below.)


Part 2:  The PCR Reaction

reaction ingredients


50(l reaction 

RT reaction (from Part 1)

10 (l

25 mM MgCl​2



3 (l (( 2.5 mM)

10X PCR buffer II


4 (l (1()

H​2O




31.25 (l

AmpliTaq + Taq antibody
0.5 (l (1.25 units Taq polymerase)

forward primer (20-40 pmoles/(l)
1.25 (l (25-50 pmoles)

thermocycler conditions: Run TOUCHDN program.

Comments on the PCR part of the RT-PCR reaction
1.  Combining AmpliTaq DNA polymerase (cat. # N808-0156; Applied Biosystems) with an equl volume of commercially available Taq antibody (cat. # 639251; Clontech Laboratories, Inc.; Mountain View, CA) provided a convenient means of doing hot-start reactions. All of our RT-PCR reactions used this hot start approach. 

2.  The amount of forward primer added in the PCR part should equal the amount of reverse primer added in the RT part.

3.  We used a Touchdown protocol because the specific primers in our degenerate mixture annealled over an unknown range of Tm's, particularly during the first round of amplification. The TOUCHDN thermocycler program (38 cycles total) was as follows:





94(C, 30 sec;





55(C, 30 sec, -.4(/cycle





72(C, 1 min + 2 sec/cycle





Goto 1, 24X





94(C, 30 sec





45(C, 30 sec





72(C, 2 min + 3 sec/cycle





Goto 5, 12(




72(C, 10 min





4(C, for ever





End

Hemi-nested and M13 PCR protocols.  Not infrequently, RT-PCR bands were insufficiently pure or abundant to sequence directly after gel purification. To increase purity (and sometimes also abundance), we performed a hemi-nested PCR reamplification -- in which case one primer used in the prior RT-PCR reaction was replaced with an internal primer. To increase abundance (without affecting purity), we performed a M13 reamplification when necessary (see below).

reaction ingredients


50(l reaction 

25 mM MgCl​2



4 (l (2 mM)

10X PCR buffer II


5 (l (1()

H​2O




36.75 (l

10 mM each of dATP,

  dCTP, dGTP, & TTP

1 (l (0.2 mM each)

AmpliTaq (5 u/(l)


0.25 (l (1.25 units)

forward primer (20-135 pmoles/(l)
1.25 (l (25-50 pmoles)

reverse primer (20-135 pmoles/(l)
1.25 (l (25-50 pmoles)

template



0.50 (l

thermocycler conditions: Run 3STEPhot program.

Comments on the PCR reaction 

2.  The template volume was not critical, e.g., ranged from 0.1-2 (l.

3.  In an M13 reamplification, the M13REV and M13(-21) primers were used together as the primer pair. The point was to increase the yield of an otherwise faint band without affecting purity. The concentrations of both M13 primer stocks was 20 pmoles/(l.

4.  Initially, when performing a hemi-nested reamplification, the one primer that was also used in the prior RT-PCR reaction was substituted with either M13REV or M13(-21). Despite its convenience and cost-savings, this substitution occasionally, but infrequently, resulted in much lower yields and we have stopped doing this, using the original RT-PCR primer instead.

5.  Inclusion of Taq antibody in hemi-nested and in M13 reamps appeared to be unnecessary; however, note (see below) that the thermocycler block is preset to 94(, unlike what is used during the PCR part of the RT-PCR reaction.

6.  The 3STEPhot thermocycler program was as follows:





94(C, for ever





[add samples to thermocycler at this step]





94(C, 30 sec





50(C, 30 sec





72(C, 1 min, +2 sec/cycle





Goto 1, 21(




72(C, 10 min





4(C, for ever





End

Preparative gel electrophoresis and DNA band excision.  DNA bands were extracted after every RT-PCR or DNA-PCR reaction. PCR amplicons were excised from low-melting point agarose gels of concentration 1.0-1.1% (w/v) and purified using the Wizard PCR preps DNA purification resin and spin columns (cat. #'s A7181 and A7211; Promega Corp., Madison, WI).

General guidelines for dealing with difficult-to-amplify templates. 


If no band was visible after gel analysis of an aliquot (we visualized 1/6th of the total reaction on an analytical gel) of the RT-PCR reaction and no hemi-nested primer site was available, then we either tried to optimize the reaction or we quit.


If a faint amplicon band was visible after the RT-PCR reaction and no hemi-nested primer site was available, then we gel isolated the desired band, reamped it with M13 primers, re-gel-isolated the band, and sequenced it. 


If no band was visible after the RT-PCR reaction and a hemi-nested primer site was available, we gel isolated the invisible "band," using as a length marker the same PCR fragment from another taxon that yielded a visible band. Following gel isolation of the invisible band, we performed a PCR reaction using a hemi-nested primer and re-gel-isolated the band. If a visible band resulted, it was sequenced.


If a faint band was visible after the RT-PCR reaction and a hemi-nested primer site was available, we gel isolated the band. Following gel isolation, we either reamped it with M13 primers and re-gel-isolated the band OR we reamped it with a hemi-nested primer and re-gel-isolated the band. The choice depended on the amplicon's length and purity. The band was sequenced.


If a major band of the expected length resulted after a hemi-nested or M13 reamp, the band was gel isolated and sequenced. 


If a faint band of the expected length resulted after hemi-nested PCR, the band was gel isolated, reamped with M13 primers, re-gel isolated, and sequenced. However, if the nested band was fainter or more complex than the original RT-PCR band, then the original RT-PCR band was also sequenced, possibly after M13 reamp.


If no band resulted from the hemi-nested reamp, and no band was visible in the prior RT-PCR reaction, then we stopped, unless there were other nested primer sites or other PCR conditions to try. 


If no band was visible in the hemi-nested reamp, but a band was visible in the RT-PCR reaction, then the gel-isolated RT-PCR band was reamped with M13 primers, re-gel isolated, and sequenced.


If no band or a weak band resulted after an M13 reamp on a visible (typically faint) RT-PCR band, then we discovered that the RT-PCR band was usually not the correct gene.


Our general rule-of-thumb was that invisible "bands" were PCRed one time only. An informed guess was that approximately half of the visible bands that resulted from PCRing of invisible bands twice were false positives. In our experience, one-time PCRing of invisible bands seldom (i.e., perhaps <1%) resulted in false positives, but of course great care to avoid contamination is assumed.
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