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Methods of calculating total DNA
For all data, one or several conversions were needed to deduce a final estimate of the total DNA content. Typically, the data on organism abundance was given in the literature as carbon content (most frequently in units of Pg of C (petagram of carbon), number of cells, or biomass, most frequently in units of Gt (gigatonne)). All biomass estimates were converted into a total number of cells. From here, the genome size, which is the quantity of DNA per cell, given in megabases (Mb) or picogram (pg), was used to find the total amount of DNA within the group (S1 Fig.).

To estimate the total information content of the biosphere, DNA was quantified in five major subgroups of life: prokaryotes, plants, animals, unicellular eukaryotes (sometimes referred to as protists) and fungi. For each group, available quantifications of biomass, number of individuals, or their respective densities were converted to DNA quantities through appropriate conversions including average genome size. 
For prokaryotes, there were two main estimations of abundance, 9.2 – 31.7 x 1029 cells by Kallmeyer et al. [1] and 4 - 6 x 1030 cells by Whitman et al. [2]. Both sources give their estimate as a range, hence the midpoint of the range was chosen for further calculations. The estimations differ by an order of magnitude. For the purposes of this work, Whitman's value with midpoint 5 x 1030 cells was used, as an additional paper by McMahon and Parnell independently derives a deep continental subsurface microbial biomass of 14-135 Pg of C, which overlaps the Whitman estimate of 22-215 Pg of C [3]. The prokaryote genome size was calculated from the mean derived from a table by Gregory [4]. This gave the average genome size as 3.2147 Mb. For prokaryotes, the estimated total number of cells was combined with the average prokaryotic genome size to give the total amount of DNA contained in the group.
For plants, the average biomass from four different estimates, 561.8 Gt of carbon [2] 520 Gt of carbon [5], 1841 Gt biomass [6], and 890 Gt biomass [7] was converted to the number of cells assuming carbon content is 50% of dry weight and using a plant cell mass of 2 x 10-10 g [8] by assuming that plant cells are an order of magnitude larger in each dimension than a prokaryotic cell and lastly converted to a total amount of DNA of 3.65 x 1031 Mb. The genome size used was derived from data from the Kew Gardens Plant DNA C-values Database, by taking the mean of all entries in the database giving an average genome size of 5958.01 Mb [9]. The mean from the four estimates was used to estimate the total DNA content of plants.
DNA quantities in animals were found using two methods. The first method used an estimate for the total biomass in major subgroups of animals, mostly mammals, insects and fish (S1 Table 1).
These values were converted to a total number of cells using a eukaryotic cell mass of 10-9 g [10]. For each group, the number of cells was combined with the average genome size for that group by taking the mean of the relevant available genome size entries in the Animal Genome Size Database [11], before the total DNA amount was summed from the individual contributions, to give a final DNA quantity in animals of 4.24 x 1029 Mb. 
Most animals are diploid, meaning that the total amount of DNA per cell is actually twice the genome size. Here, the genome size of animals was multiplied by a factor of two to get the total DNA content per cell and thus for the whole group. Plants and fungi typically vary between being haploid and diploid at different stages of their life. Prokaryotes have between 1 and 4 copies of their genome in every cell, but the number of copies can be much greater. These variations do not alter the order of magnitude estimate of total DNA. Here we only take into account the diploid characteristics of DNA for animals.
Another way to estimate the total quantity of DNA in animals was to combine data of animal biomass density from various sources. Several detailed case studies investigating the density of animals within a limited area were conducted in the 1960s-1980s. These typically totalled the final biomass of animals within the studied area, giving a final estimate of animal biomass density. The surveys of animal biomass density used here were a Belgian oak- hornbeam forest [12,13], Nairobi National Park [14,15], Gabon lowland rainforest [16], Serengeti [15,16], Venezuelan Amazon [16,17], Ontario lakes [18], New Zealand forest [13], Brazilian ranch [19], Zaire-Congo deciduous woodland [13,20], Central Amazonian rainforest [21], Puerto Rico montane rainforest [13,22], India tropical evergreen forest [16,23] and Borneo [16,24].
In order to apply these estimates to all biomes, biomass estimates were also constructed for deserts, tundra and the poles. For deserts, the average density of animals was taken to be 27.5 individuals/ha, which is the midpoint of 14-41 individuals/ha [25]. The animals inhabiting this region were taken to be jack rabbits, kangaroo rats, kangaroo mice, pocket mice, grasshopper mice, and antelope ground squirrels [25], and using their average mass per individual gave a total biomass in this regime of 8333 kg/km2. For the tundra, an average biomass of 50 kg/km2 was chosen from several estimates of total and ungulate biomass in tundra in Siberia and Canada [26-28]. Lastly, the estimate of biomass on the poles was made by assuming that the biomass consists mainly of penguins, more specifically 80% of the biomass [29], and calculating the penguin biomass density in Antarctica. The total number of breeding pairs of penguins in Antarctica is estimated to be 20 million [30]. The average weight of a penguin was taken to be 14 kg. Taken together, this generated a total penguin biomass of about 5.7 x 107 kg. Letting this account for 80% of the Antarctic biomass and dividing by the area of Antarctica, approximately 1.4 x 107 km2 [31], a biomass density of 5.165 kg/km2 was achieved. This was then used to represent the polar biomass density. These biomass densities for different biomes were then multiplied by the area of different biomes on Earth. The biome data was retrieved from The Conservation Gateway of The Nature Conservancy [32,33]. S1 Table 2 shows the ecoregional data used, together with the biomass density applied to each region, and finally the total biomass in each. The total mass within each biome was then combined with the total mass of four groups from the previous section which did not enter into this calculation, namely humans, krill, marine fish and whales. This total mass was then divided by the mass per cell, which was taken to be the mass of a human cell, 10-9 g/cell [10], in order to get an estimate of the total number of cells. The total number of cells was then combined with the animal average genome size of 4456 Mb [11]. This generated a total DNA content in animals of 3.67 x 1029 Mb.
Few quantifications of protists were found. Extensive literature reviews indicate that there is no overall estimate of abundance of individual protists or protist biomass on Earth. Hence, case studies of the density of protists in certain areas were used to reach an estimate of the total DNA. This was split up firstly into two groups: algae and other protists. For algae, a density in water of 102 cells/ml was used [34]. To obtain a total number of algal cells, the total volume of aquatic habitats containing prokaryotes from Table 1 in Whitman et al. [2] was used, on the assumption that algal and prokaryote habitats are essentially the same. This gave a total number of algae of 1.37 x 1026 cells. The mean algal genome size was retrieved from the Kew Gardens Algal C-value Database [35], and was found to be 855.89 Mb. Multiplying the total number of algal cells by the mean genome size gave a total amount of DNA in algae of 1.17 x 1029 Mb.
Next, terrestrial protists were assessed using a range of estimates for mainly the density of certain subgroups such as ciliates, amoebae and testacea. A number of density counts exist, ranging between 60-349,500 individuals/g of soil. These estimates come from a variety of countries and biomes, more specifically Austria [36], Australia [37], Puerto Rico [38], Scotland [39] and the US [40,41]. The mean density from these sources was taken, giving a protist density of 212,345 cells/g soil. In order to quantify the amount of soil on Earth, the amount of soil used by Whitman et al [2] was taken from Table 2 by multiplying all ecosystem areas by a depth of 8 m, apart from tundra, boreal forest and alpine soils, which are 1m deep [2]. This method gave a total amount of soil of 8.4 x 1017 litres. The density of soil of 1.3 x 106 g/m3 gave a total mass of soil on Earth of 1.092 x 1021 g [2]. The total number of the protists on Earth is thus 2.32 x 1026 cells. The average protist genome size is 59.529 Mb [42]. Using this, the total amount of DNA in land protists was found to be 1.38 x 1028 Mb. Finally, the DNA amounts of land protists and algae were combined. This gave a total protistan DNA quantity of 1.31 x 1029 Mb.
A similar method used to determine the density counts of animals and protists was used for estimating the total fungal biomass. Three estimates of fungal density in forests were used: 24 kg/ha in a Yukon boreal forest [43], 29.4 kg/ha in a Pyrenean pine forest [44] and 8.8 kg/ha from a Swedish spruce forest [45]. The average of these estimates was multiplied by the total area of the sum of forest biomes on the list from The Nature Conservancy [32,33] resulting in a global fungal biomass of 1.25 x 1011 kg. Using the same eukaryotic cell mass of 2 x 10-10 g/cell as calculated earlier gave a total cell count of 6.23 x 1023 cells. Multiplying this by the average fungal genome size of 31.874 Mb [46] resulted in a DNA quantity of 1.99 x 1025 Mb. However, the majority of fungi are found below ground, hence, dividing the above-ground DNA amount by 0.0115 [47] raised the total DNA quantity in fungi to 1.73 x 1027 Mb.
Viruses also contribute to the total DNA available on Earth. The total number of viruses on Earth has been estimated at 1031 [48,49], which combined with an average viral genome size of 0.039518 Mb from the Entrez Genome database for viruses [50] gives a DNA content in viruses of 3.95 x 1029 Mb. 
The combined values above give a total DNA amount in the biosphere of 5.35 x 1031 (±3.55 x 1031) Mb.

Errors and uncertainties
According to the nature of the methods here, it is important to consider error ranges and uncertainties which are propagated within the calculations. Quantifying errors and ranking them according to their relative effect on the total DNA amount will help identify the areas that are in most urgent need of improvement in order to enhance the accuracy of the calculations that we present. Not all values that went into these calculations had a quantified error or uncertainty explicitly associated with them as presented in the literature, but all groups of organisms had an uncertainty quoted for at least one value that went into the calculations. Hence, all existing uncertainties were propagated during the calculations presented to obtain the total DNA quantity for each group. When more than one value had an uncertainty, the uncertainties were combined according to standard methods of error combination, to give a total error for each group. Lastly, the errors from each group were combined in order to get a final uncertainty in the total estimate of DNA quantity on Earth.
A source of uncertainty common to all groups was the distribution of genome sizes for that specific group. In all calculations for the total quantity of DNA, the mean of the genome size from a database was used. However, the genome size distributions is not Gaussian in shape, but rather very skewed towards the lower genome sizes. Hence, for every group, the genome size distribution and its uncertainties were analysed as described below.

Uncertainties for prokaryotes
Prokaryotes were somewhat of an anomalous group in that there are two different databases with genome sizes, which have been extracted by different methods. The genome size database chosen for the total value of DNA was achieved through the pulse-field gel electrophoresis (PFGE) method [4], and was chosen for consistency as it is an offshoot from
the animal genome size database, which was used for the animal calculations [11]. This
database contains 681 entries, and the genome size distribution can be seen in S2 Fig.
As evident from S2 Fig., the genome size distribution has a positive skew towards the lower genome sizes, with skewness = 1.10 and kurtosis = 0.884. These values are very low compared to those of other distributions. Hence, it was determined that this distribution was close enough to a Gaussian distribution to be able to use the standard deviation as the uncertainty range, with σ = 2.0 Mb. The peak of the distribution was identified to lie in the 1.8 Mb bin, which is within one standard deviation of the mean μ = 3.215. The standard deviation  σ  = 2.0 Mb was hence the uncertainty in the genome size that was used for the calculations on the total uncertainty for prokaryotes.
For completeness, the distribution of genome sizes from another database, the Center for Biological Studies Genome Atlas Database, was included to exhibit the similarities [51]. This distribution can be seen in S2 Fig., and has 1140 entries, a mean of  μ  = 3.535, standard deviation of σ = 1.932, skewness = 0.806 and kurtosis = 0.789. The peak can be seen to lie in the 1.9 Mb bin. 
The other source of uncertainty in the prokaryote calculations was taken from the initial range with which the number of cells were quoted. Whitman quotes total cells in a range of 4 - 6 x 1030 cells [2], whilst Kallmeyer et al quotes a range of 9.2 – 31.7 x 1029 cells [1], corresponding to ranges of 2 x 1030 cells and 2.25 x 1030 cells respectively. The larger of these was divided in half and combined with the uncertainty in genome size to give a final uncertainty of 1.06 x 1031 Mb for the total DNA amount in prokaryotes.

Uncertainties for plants
The genome size distribution for plants is seen in S2 Fig. The Kew Gardens Plant C-values Database on which the distributions are based contained a total of 8509 entries [9].
The data show that plant genome sizes are heavily skewed towards low genome sizes, with skewness = 3.902 and kurtosis = 25.65. One way to quantify the uncertainty of this distribution was to find the quartiles, with Q1 = 817 Mb and Q3 = 6944 Mb. An uncertainty could then be stated as the difference between each quartile and the mean, μ = 5958 Mb. Another way to quantify the uncertainty was accomplished by assuming that the distribution around the peak was roughly Gaussian, and calculating the standard deviation of a symmetric range around the peak. With the peak in the 1200 Mb bin, the standard deviation of all values up to the 2400 Mb bin was found to be σ = 278 Mb. Of the three quantifications, Q1 gave the largest uncertainty, and was used to find the total uncertainty for plants.
The other uncertainty in the plant calculations came from the distribution of estimates of total biomass in plants. Four estimates of total biomass existed, and a Gaussian distribution was assumed, hence the standard deviation σ = 2.11 x 1027 cells was used. Combining this uncertainty with that of Q1 from the genome size gave a total uncertainty in plant DNA of 3.39 x 1031 Mb.

Uncertainties for animals
Uncertainties in biomass by major subgroups. In the calculations of total animal DNA quantity by adding up major subgroups, there were often uncertainties quoted in the number of individuals, the average weight of an individual or the total biomass of a subgroup. Another source of uncertainty lay in the genome size for each subgroup, where there was a spread of values for the genome size even within the same species. Hence, the standard deviation of the genome size distribution for each subgroup was used to quantify an uncertainty. For each subgroup, these uncertainties were propagated through the calculations in the same way as described earlier and the uncertainties were combined as necessary. The total uncertainty for the method of summing animal biomass of major subgroups was found to be 1.52 x1029 Mb when combined according to a summed total.

Uncertainty for biomass by density by biome. For this method of calculating total animal DNA quantity using density in different biomes, the genome size distribution for animals as a whole is relevant. This distribution is based on 6517 entries in the Animal Genome Size Database [11]. In the calculations of total DNA quantity, the mean of the genome size distribution was used. However, like the genome size distributions for plants and prokaryotes, animal genome size also exhibit a decidedly positive skew towards the low genome sizes, as seen in S2 Fig.
This distribution has a mean of μ = 4456.7 Mb, skewness = 5.257 and kurtosis = 36.87. To quantify the spread, the quartiles were found to be Q1 = 909 Mb and Q3 = 3227 Mb. The peak value in the distribution was in the 1180 Mb bin, hence the standard deviation for all values up to the 2360 Mb bin was found, which gave a value of σ = 563.588 Mb. However, the difference between the mean and Q1 gave a larger uncertainty than the standard deviation, hence this was used to calculate the final uncertainty in animal DNA quantity.
The raw data used for the estimate of animal DNA quantity by density was in the form of case study measurements of biomass per area. However, none of the original case studies quoted an uncertainty with their results. Therefore, an uncertainty was quantified by assuming that one can consider the animal biomass to be fairly uniform in most temperate, forested areas. By making this assumption, and excluding any obvious outlier values, a distribution of the biomass density estimates can be found. The quartiles were found to be Q1 = 1125 kg/km2 and Q3 = 9700 kg/km2, giving an interquartile range of ΔQ = 8575 kg/km2, which was used as the uncertainty for the biomass density. The calculations for total DNA quantity in animals was carried through as described earlier, and the uncertainties in the biomass density and genome size combined to give a total uncertainty in animal DNA content of 3.97 x 1029 Mb.

Uncertainties for viruses
For viruses, the only quantifiable uncertainty comes from the distribution of genome sizes. The database from Entrez Genome contained 3843 entries [50]. The distribution can be seen in S2 Fig. The viral genome size has a mean of μ = 0.03952 Mb. Again, it is a highly skewed distribution with skewness = 12.36 and kurtosis = 254.2, and quartiles Q1 = 0.005413 Mb and Q3 = 0.043016 Mb. Again, the standard deviation was taken around the peak of the distribution, up to 0.02 Mb, as there was a distinct cut off at that point, yielding σ = 0.043016 Mb. The difference between the first quartile Q1 and the mean gave the largest uncertainty range, hence this was used to calculate the overall uncertainty. By carrying this uncertainty through the calculations described earlier a total uncertainty of 3.50 x 1029 Mb for the DNA amount in viruses was achieved.

Uncertainties for protists
Separate calculations of uncertainties were conducted for algae and land protists before being combined to give an overall uncertainty in the DNA quantity in protists. For algae, the quantifiable uncertainty exists in the algal genome size, which was acquired from the Kew Gardens Algal C value Database [35] (S2 Fig.). 
The algal genome size distribution had 253 entries and displays the trend of being positively skewed towards low genome sizes, with skewness = 6.906 and kurtosis = 53.30. The quartiles were found to be Q1 = 195.6 Mb and Q3 = 684.6 Mb. A standard deviation was taken for a subset of the distribution around the peak of 200 Mb, giving σ = 96.07 Mb. The first quartile gave the largest deviation from the mean, hence this difference was used as the uncertainty for algal genome sizes. By carrying this uncertainty through in the calculations, a total uncertainty in the DNA quantity in algae of 9.06 x 1028 Mb was found.
For land protists, there are uncertainties attached to both the genome size and the protist density in soil. The genome size distribution came from the Ensembl Protist Database with 23 entries [42]. Again, even with significantly fewer entries in this database compared to other groups, the protist genome size distribution also shows a positive skew towards lower genome sizes, with skewness = 1.83 and kurtosis=3.62. The peak lies in the 30 Mb bin, so an uncertainty range of about 20 Mb was assumed. The quartiles were assessed to be Q1 = 23.26 Mb and Q3 = 84.13 Mb. The first quartile has the largest deviation from the mean, hence the difference between the mean and Q1 was used as the uncertainty in genome size.
Furthermore, by expecting the protist density in soil to be normally distributed, the standard deviation of these measurements was found to be σ = 398,649 protists/g of soil. This uncertainty was propagated through the calculations and combined with the uncertainty in genome size, giving a final uncertainty in DNA quantity found in land protists as 2.7 x 1028 Mb. Lastly, the DNA quantities found in algae and protists were added together, and the uncertainties combined to give an overall protistan DNA quantity uncertainty of 9.46 x 1028 Mb. In order to understand the reliability of the estimate of the total amount of DNA in protists, a separate calculation of total DNA amounts was conducted, using a different reference as a starting point. One estimate is that there are roughly 5 x 106 protists per teaspoon of soil [52]. This gives an average protist density in soil of 109 protists per litre soil. The total volume of soil on Earth is 8.4 x 1017 litres [2]. This gives a total number of protists in soil of 8.4 x 1026 protists. The mean genome size of protists was taken as 59.529 Mb [42]. Hence, this gives a total DNA amount in protists of 5 x 1028 Mb. This gives a total quantity of DNA in protists which is within one order of magnitude of the result from the previous method, lending credibility to the size of the protist estimate.

Uncertainties for fungi
The calculations for the total fungal DNA amount included uncertainties in biomass density and genome size. The biomass density uncertainties were quoted in the original research, and propagated through the calculations. The fungal genome size database had 1590 entries [46] and the genome size distribution is illustrated in S2 Fig.
Like the other genome size distributions, there is a positive skew towards the lower genome sizes, with a mean μ = 31.874 Mb, skew = 12.95, kurtosis = 210.88 and quartiles Q1 = 19.3 Mb and Q3 = 36.4 Mb. Notably, in this distribution, the mean value corresponds with the most populated bin at 30 Mb. The standard deviation was calculated for all genome sizes up to 60 Mb, giving σ = 10.72 Mb. The largest difference from the mean was found for Q1, hence this was used as the uncertainty in genome size. This was combined with the uncertainty in biomass density and carried through the calculations to give a total DNA quantity uncertainty of 3.37 x 1027 Mb in fungi.
As for protists, an alternative derivation of the DNA amount in fungi exists. The density of fungi is 186 μg fungi per g organic matter, by taking the midpoint of the estimate of 155-217 μg fungi per g organic matter [47]. The total amount of organic carbon is 1.477 x 1018 g [53], which, if assuming carbon content is 50% of the overall mass, gives a total mass of organic matter on Earth as 2.954 x 1018 g. Hence, the total mass of fungi was found to be 5.494 x 1014 g. The genome size was taken as 31.874 Mb [46] and the weight of a fungal cell to be the same as a plant cell, 2 x 10-10 g, giving a total DNA content for fungi in soil of 8.75 x 1025 Mb. This estimate is two orders of magnitude lower from the previous. For our calculations, we assumed the larger of the two values. However, neither value influences the total order of magnitude DNA quantity calculated, which is dominated by prokaryotes and plants in these calculations.
S1 Table 3 shows all of the uncertainties calculated for the different groups. Since most of the uncertainties had a component of the genome size distribution uncertainties, they are listed in these three categories of the first quartile, third quartile and standard deviation.
As described, the uncertainty for the quartiles was achieved by taking the difference between each quartile and the mean. The standard deviation listed is the standard deviation of a smaller, symmetric range around the mean. The exception to these uncertainties is prokaryotes, where the first uncertainty corresponds to using the Whitman et al. range [2], and the second to the Kallmeyer et al. range [1]. By combining the biggest uncertainties from the different groups, the total uncertainty in the amount of DNA on Earth was found to be 3.55 x 1031 Mb. Hence, the total estimate of DNA on Earth can be quoted as 5.3 (3.6) x 1031 Mb.
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