Increased Expression Diversity May Buffer the Loss of Adaptive Potential Caused by Reduction of Genetic Diversity in New Unfavorable Environment
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1. Study sites and RNA-seq data
Miscanthus lutarioriparius is the giant C4 grass from the genus Miscanthus and has been identified as a valuable germplasm source for second generation energy crops.  As an endemic species to central China, M. lutarioriparius produces the highest biomass among the wild Miscanthus species and is also capable of high carbon sequestration and effective soil restoration in eroded regions.  We collected mature seeds of 14 populations of M. lutarioriparius across their natural distributional ranges in China in 2008 and planted them in two sites in 2009.  One was at Jiangxia in Hubei Province (JH) near its native habitats and the other was at Qingyang in Gansu Province (QG) located in the Loess Plateau under stressful conditions.  The altitudes of JH and QG were 45 m and 1258 m, respectively.  In JH, the average annual temperature was 16.7°C and the average annual precipitation was 1319 mm; in QG, the average annual temperature was 9.3°C and the average annual precipitation was 556.5 mm.  Obviously, QG is colder and drier than JH and is a new unfavorable environment for M. lutarioriparius.
39 individuals of M. lutarioriparius at each site were sampled from 14 populations taken at random.  The RNA-seq data were collected from the samples in natural populations and planted in two field sites.  Expressiond diversit Ed of a gene in the population is defined as 
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, where Ei represents the expression level of the gene of the ith individual in the population, n represents the number of individuals of the population, and Ep represents the average expression level of the gene in the population.  After excluding the genes with expression level of zero in at least half of population, there were 7226, 7247, and 4365 genes with SNPs in JH, QG, and both sites, respectively.  Ed and π of these genes were used for the subsequent fitting analysis.
2. The robust of equation (2.4)
We fitted the linear relationship between π and Δπ using genetic diversity of 4365 genes with SNPs in both sites and obtain the formula 
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 using the least-squares regression (R2 = 0.36, p < 0.01, figure S2).  Then we can subtract the fitted relationship between Ed and π in JH and QG to derive 
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.  With 
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, we obtained 
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.  Because the relationship between ΔEd and Δπ was similar in form and parameters by fitting method and derivation method, equation (2.4) was considered to be robust especially given the wide range of variation of ΔEd (figure S1).  The difference between the two coefficients of Δπ was not as big as it seemed since Δπ value was particularly small.
To further verify the relationship between ΔEd and Δπ, we performed a simulation based on the random sample genes to validate the fitted curve.  In every simulation, the relationship between ΔEd and Δπ was fitted using ΔEd and Δπ of 1000 genes sampled at random from the whole 4356 genes.  The 10000 times simulation showed that the empirical line fell in the middle of the total simulation interval (figure S3).  Thus the three methods, namely fitting, derivation, and random simulation, yielded roughly the same results and supported the theoretical deduction of the relationship between ΔEd and Δπ.  Although figure S1 showed a large range of variation of ΔEd, the theoretical relationship between ΔEd and Δπ may not be an unreasonable first approximation.  Taken together, these results successfully raise our confidence in the trade-off relationship between the change of expression diversity and genetic diversity.
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Figure S1 The relationship between genetic diversity changes degree and genetic diversity changes degree when the plant was transplanted from the native habitat JH into the new unfavorable site QG.  We fitted the equation as
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, (R2 = 0.164, p < 0.01). 
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Figure S2 Relationship between genetic diversity and the change of genetic diversity from JH to QG for genes with SNPs.  The red line indicates the least-squares regression fitting 
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 (R2 = 0.36, p < 0.01). 
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Figure S3 Performed simulation of relationship between Δπ and ΔEd based on 4365 genes with SNPs in both sites, gray line was draw based on the estimated parameters of 1000 random sampled data.  A total of 10000 times was performed and 10000 gray lines were fitted out.  The red line was fitted out based on all the data points.
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