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Response to Comment by Bunge et al.
on ‘‘Computational Improvements
Reveal Great Bacterial Diversity and
High Metal Toxicity in Soil’’
Jason Gans, Murray Wolinsky, John Dunbar*

Bunge et al. claim that we underestimated the error in our analysis of bacterial diversity in
noncontaminated soil. However, they used an unsatisfactory model that exhibited pathological
behavior and consequently led to an exceptionally high calculated error. In contrast, the zipf
distribution yielded an error estimate only 0.7 times the estimate of the total number of species
(S), and it is more biologically relevant.

T
he functional form of DNA reassociation

kinetics from Bunge et al. Eequation 1 in

(1)^ is equivalent to the form presented

in Gans et al. Eequation 2 in (2)^. The equiv-

alence of the two forms follows from equations

S16 and S19 ESOM for (2)^ and the change of

variables W 0 N/bNÀ and f(W ) 0 bNÀP(WbNÀ),

where N and bNÀ are species abundance and av-

erage species abundance, respectively. One can

either use the species-abundance distribution,

P(N)dN, and compute the total number of spe-

cies (S) by equation S19 (2), or use a Breduced
distribution,[ f(W )dW, like Bunge et al. (1), and

compute S as a free parameter. Using P(N)dN,

the error in S is calculated using equation S19

(2) and standard propagation of errors (3). Bunge

et al. proposed instead that f(W)dW with S as

a free parameter is more appropriate because

the error can be calculated directly using non-

linear regression analysis (4). Both approaches

are acceptable. To illustrate, we compared the

computed error in S for a zipf distribution using

each method. For every Cot curve, our propaga-

tion of errors calculation yielded a more conserv-

ative (i.e., larger) value than the error calculated

by nonlinear regression by a factor of 1.02, 1.4,

and 1.5 for the noncontaminated, low-metal, and

high-metal soils, respectively,which demonstrates

that our error estimates were valid.

The higher error observed by Bunge et al.

arose from their use of an alternative model to

fit the Cot curve data. In modeling bacterial

species abundance from DNA reassociation data

(or any other data type), the ultimate goal is to

obtain a biologically relevant model (e.g., zipf)

with acceptable fit and parameter errors. For

comparison, one can apply more granular mod-

els that lack biological realism but are more

flexible and can (ideally) provide relatively un-

biased estimates of the general shape of the

abundance distribution and the total number

of species. The Bmodel-free[ form we described

in (2) represents a granular model with little real-

ism, and the three-point-mass model of Bunge

et al. is an even more extreme example. These

unrealistic granular models can potentially be

useful guides but are not the desired goal.

Using the three-point-mass model, Bunge

et al. found that estimation of S had unaccept-

able error. Their model provides excellent fits

to the soil data and shares the same power law

envelope as both the zipf and model-free distri-

bution Eequation 3 in (2)^. Bunge et al. did not

test the zipf distribution, which differs from the

Pareto distribution by an additional parameter

that provides a variable upper bound on the

range. We compared the three-point-mass and

zipf distributions (Fig. 1) and agree that, for the

noncontaminated soil, the three-point-mass mod-

el yields an unacceptably high standard error

(SE) on S and for this reason should be rejected

(5) as an acceptable model for estimating S.

Compared with the three-point-mass model, the

zipf distribution (i) has fewer parameters, (ii)

provides comparable goodness of fit and, most

important, (iii) has significantly smaller SE (0.7,

0.06, and 0.06 times the estimate of S for the

noncontaminated, low-metal, and high-metal

soils, respectively).

Bunge et al. also noted two experimental

concerns. First, the soil bacterial DNA used by

Sandaa et al. (6) may have contained eukary-

otic DNA. We cannot rule out this possibility.

However, the likelihood of obtaining eukary-

otic contaminants in a bacterial pellet from soil

depends on numerous factors (e.g., sample com-

position, collection depth, and researcher ex-

pertise). The authors who performed the soil

bacterial DNA reassociation studies previously

conducted 4¶,6¶-diamidino-2-phenylindole stain-

ing and microscopy, like Bunge et al., to check

the efficacy of the bacterial extraction method

with various soil samples and did not observe

contaminating eukaryotic structures (7). Sec-

ond, Bunge et al. claim that measuring DNA

reassociation by optical absorbance Bcan great-

ly underestimate the reassociation of repetitive

sequences[ and is highly inaccurate compared

with measuring by hydroxyapatite binding—a

claim unsupported by the authors_ citations. For
example, Graham et al. (8) stated, Bit has long
been clear that the amount of hyperchromic shift

is a measure of the degree of base pairing....in
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Fig. 1. Computed sum of squared errors (SSE) as a function of S super-
imposed on the normalized distributions of lnS for both the zipf and
three-point-mass distributions fit to (A) the noncontaminated, (B) the
low-metal, and (C) the high-metal soil Cot curves. For each soil, P(lnS) is

approximated as the histogram of lnS computed by 103 Monte Carlo (MC)
trials. No histogram is computed for the three-point-mass distribution fit
to the noncontaminated soil, because the insensitivity of SSE to changes
in S prevents convergence of the MC calculation.
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fact the hyperchromicity is very nearly propor-

tional to the fraction of nucleotides paired.[
Furthermore, we incorporated the possibility for

heteroduplex formation in our error analysis

ESOM in (2)^. Although we believe that the con-

cerns of Bunge et al. are greatly overstated, in-

clusion of rigorous controls to reduce ambiguities

would certainly improve future reassociation

experiments.
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