Accompanies manuscript 2004-11-26796A

Supplementary methods
Strain construction

The experimental strains derive from the haploid DH89 (, ho strain which in turn derives from the laboratory Y55 wildtype strain. All genetic manipulations were conducted via PCR based gene targeting1, except for the construction of the wild type lysine auxotroph which was found by positive selection on (-aminoadipic acid (see below), and mating type switching which was performed by two-step gene replacement using the URA3 gene1. First, the URA3 gene was precisely deleted. The 5’ and 3’ intergenic spacer regions of the URA3 locus were independently amplified with high fidelity PCR and then blunt end ligated. Ligations of the correct 5’ and 3’ orientation were selected by high fidelity PCR. This ura3Δ PCR product was transformed and 5-FOA resistant colonies were picked. Mating type was switched with the pSC11 plasmid as described in ref 1, resulting in two strains of opposite mating type which were identical at all loci except MAT. SPO11 was first disrupted with URA3 (successful transformants were prototrophic) and then a spo11Δ PCR product was constructed by the same 5’ and 3’ intergenic ligation method described for the ura3Δ construction, and successful spo11 transformants were selected on 5-FOA. SPO13 was precisely replaced with the kanMX4 module in the ( strain as described in ref 2. All engineered junctions were confirmed by PCR. The DH89 a, ho, ura3(, spo11( haploid was then mated to the DH89 (, ho, ura3(, spo13(::kanMX4 haploid producing a strain heterozygous at only the SPO11, SPO13 and MAT loci. Since there was one wild type copy of SPO11 and SPO13 in this diploid it sporulated normally and produced four spores. Tetrad analyses were then employed to identify haploid progeny which contained the desired genotype. One {a, ho, ura3(, spo11(, spo13(::kanMX4} and one {, ho, ura3(} genotype were found which derived from the same tetrad and were named MGA1 and MGS1 respectively; one {(, ho, ura3(, spo11(, spo13(::kanMX4} and one {a, ho, ura3(} genotype were found from another tetrad and these were named MGA2 and MGS2 respectively. The MGA1 and MGA2 and the MGS1 and MGS2 haploids were then mated to yield the experimental starting strains and these are identical at all but the SPO11 and SPO13 loci and share exactly the same engineering history: MGA1/A2 a/(, ho/ho, ura3(/ura3(, spo11(/spo11(, spo13(::kanMX4/spo13(::kanMX4 and MGS1/S2 a/(, ho/ho, ura3(/ura3(.
Construction of a lysine auxotroph began by plating DH89 (, ho and DH89 a, ho onto minimal media (see below) containing 5% (-aminoadipic acid, and several of the resulting resistant colonies were selected. ( and a resistant colonies were then mated, and since (-aminoadipic acid resistance may be achieved by mutations at one of two loci (LYS2 or LYS5) 1 only a diploid that was both (-aminoadipic acid resistant and lys- (therefore a homozygous mutant) was selected for use in the outcrossing efficiency assay.

Media and growth

Continuous culture was conducted in defined synthetic minimal (SM) glucose limited media (0.17% Yeast Nitrogen Base without C, N, or amino acids, Sigma number Y1251; 0.5% Ammonium Sulphate; 0.08% Glucose; 20 mg L-1 Uracil, Sigma number U1128) at 30°C for the benign treatment. This was supplemented to a final concentration of 0.2M NaCl and temperature adjusted to 37°C for the harsh treatment. All continuous culture was conducted in an Infors HT (Reigate, UK) replicated chemostat unit (16 chemostats per unit) where the flasks were shaken at 125 rpm and had independent aeration. Dilution rate averaged 0.31 h-1 for the benign treatment and 0.17 h-1 for the harsh treatment. The dilution rate allows generation time to be calculated from ln[2]/dilution rate (ref 3). Sporulation was initiated by allowing the cells to settle at the bottom of the flask by arresting shaking and media inflow. The growth media in each flask was then substituted in situ for sporulation media (1% Potassium Acetate; 5mg L-1 Uracil) by restoring flask inflow (no shaking). Then the flasks were shaken at 30°C with aeration for seven days to induce sporulation. After seven days the sporulated cultures were removed from the chemostat vessels and the spores were harvested by centrifugation and then washed twice with sterile water. Ten mL of sterile “outcrossing solution” was then added to each of the cultures (40 UmL-1 Lyticase, Sigma number L-4025; 1107 UmL-1 ( Glucuronidase, Sigma number G-7017; 50mM Dithiothreitol, Sigma number D-0632; all 0.2 (M filtered) which were then incubated at 37°C with shaking overnight – this solution was designed to digest asci and the cell walls of unsporulated yeast. The next morning sterile sodium dodecyl sulphate (SDS) was added to a final concentration of 1% and the cultures were again incubated at 37°C with shaking for two hours to lyse unsporulated cells. Each culture was then sonicated to dissociate and randomise the spores. The spores were once again harvested and washed twice with sterile water and then 10mLs of the appropriate growth media was added and the cultures incubated at the appropriate temperature (either 30 or 37 °C), without shaking, for two days. This treatment allowed the spores to settle to the bottom and germinate, and in the case of the wild type populations proceeded by mating. The populations were then inoculated into separate chemostat flasks and continuous culture began once again. Cross contamination was checked using the G418 resistance marker and by visual inspection of the spore structures, and was found only in one case when a sexual invaded an asexual population in the harsh treatment. Twenty five mL samples were taken from the outflow just prior to sporulation, and these were condensed and stored at –80°C in 15% v/v glycerol for subsequent fitness estimation.

Experimental assays

Outcrossing assay

Eight replicate populations were initiated with 50% of the wild type lys- strain and 50% of the experimental wild type ura- strain. Control populations with only single strains and haploid strains were also initiated. These were grown in chemostats for approximately 10 generations and then sporulated and subjected to the outcrossing treatment as described above. The amino acid requirements of the progeny were then scored. Samples of each population were first plated onto SM+lys+ura media which allowed all progeny to grow; these colonies were then replica-plated sequentially on to SM, SM+lys, and SM+ura plates and incubated. The resulting numbers of colonies were counted allowing the different proportion of each type of genotype to be estimated. Wrights inbreeding coefficient (F), or the deviation from expected Hardy-Weinberg proportions, was then calculated. The mean F from all replicate populations (over 1,500 sampled colonies) was 0.13±0.03, indicating that 86% of the populations were outcrossed. No haploid (unsporulated) cells survived the treatment.

Fitness assays

40 (L of each appropriate glycerol-stored yeast stock was inoculated into 5mL of SD [0.08%] glucose media and incubated overnight with shaking at 30°C. Fitness estimation began by mixing the competitors in roughly equal proportions and then assaying the change in frequency of each competitor over time when grown under experimental conditions. If both are competitively equal then their frequencies will not vary, however, if one is competitively superior it will begin to displace the other. To measure accurately the frequency of each competitor at the beginning and end of each competition assay a sample of the mixed population was first plated onto YPD agar (1% yeast extract, 2% peptone, 2% glucose) and the yeast allowed to form individual colonies (n ~ 300); on this medium both competitors can grow. Differentiation between competitors was easily achieved since one strain is always genetically marked with G418 toxin resistance. All colonies were then transferred (replica plated) to YPD media that contained 200mg L-1 G418 toxin where only the resistant strain can grow1 and then to a second YPD plate. The frequency of each competitor may be calculated by comparing the number of colonies on the second YPD plate to the number on the G418 plate (the first YPD plate is not used in calculations since some colonies at the edge of the plate may not have been transferred). Relative fitness with continuous growth (as opposed to a discrete generation model) estimates are calculated by subtracting the initial from the final natural logarithms of the ratios of the frequency of the two competitors4. Relative fitness per mitotic generation was found by dividing by the number of generations the competition lasted. The competitions were conducted over an average of 12 (harsh), and 50 (benign) generations, and thus the benign estimates achieved tighter support limits. Confidence limits were placed around each fitness estimate using a maximum likelihood model which accounted for the binomial error associated with both the beginning and end competitor frequency estimations (Mathematica file available upon request). Fitness was estimated using a sample of each population, not from single individuals. Replicates of individual competition assays converged upon very similar estimates (within support limits of one another). By generation 150 of the harsh treatment the fitness of the derived populations had increased to the extent that the ancestral strains were driven below detectable frequencies in competition assays. To remedy this we marked one of the derived sexuals with G418 resistance and, after estimating the fitness effects of marking, used this as a competitive standard in later competitions. In every case final fitness estimates were adjusted to take into account the relative fitness of the competitive standard; in this way all fitness estimates were rendered directly comparable.

Statistical analyses

The changes in fitness in the harsh environment were analysed using non-linear mixed effects models as implemented in the R statistical package (http://www.r-project.org/). The analyses are based on the model shown in the main text. If wij is j’th measurement (at time tij) of the fitness of line i then the statistical model can be written
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The two parameters are assumed to be determined by the sum of a fixed effect and a random effect. The fixed effects, (k, represent the average value of a sexual (k = 1) or asexual (k = 2). The random effects, bi, are normally distributed with means zero and variance-covariance matrix (, and represent deviations from the average values. The deviations are assumed to be constant in time and to be independent for different lines. The within-group variance, (ij, is also normally distributed with mean zero and variance (2 and is both independent for different i, j and independent of the random effects. Following ref. 5 we fitted the full random effects model and examined the fitted variance-covariance matrix to see if all terms were necessary. The random effect b2i was small and correlated with b1i and its removal made little difference to the fit of the model. We thus restricted the random effect to a1. The data could be almost equally well explained by assuming the treatment influenced a1 or a2 with an effect on the latter providing a slightly better fit. Allowing both parameters to depend on treatment did not significantly improve the fit (or produce a better AIC score) compared with either single-parameter model.

Bibliography for supplementary material

1.
Burke, D., Dawson, D. & Stearns, T. Methods in yeast genetics. A cold spring harbor laboratory course manual (Cold Spring Harbor Press, 2000).

2.
Wach, A. et al. in Methods in Microbiology, Yeast Gene Analysis (eds. Brown, A. J. P. & Tuite, M.) (Academic Press, 1998).

3.
Dykhuizen, D. E. & Hartl, D. L. Selection in chemostats. Microbiol. Rev. 47, 150-168 (1983).

4.
Hartl, D. L. & Clark, A. G. Principles of population genetics (Sinauer, Sunderland, 1997).

PAGE  
5

_1148890513.unknown

