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Letter to the Editor

Approximate Variance of Nucleotide Dlvergence Between Two Sequences
Estimated From Restriction Fragment Data

HERE is an increasing number of studies that make
use of DNA fragments to characterize genetic dif-
ferences among individuals, populations, and species.
This is the case, for instance, of RAPDs-PCR and related
methods (HADRYSs et al. 1992) , where by means of short
oligonucleotides, fragments of genomic DNA are ampli-
fied. However, the genetic differences obtained are not
treated quantitatively to ascertain genetic distances due
to. several problems described elsewhere (CLARKE and
LANIGAN 1993; LYNCH and MILLIGAN 1994) . Essentially,
the estimate of nucleotide divergence from RAPDs
bands between two genomes is formally similar to the
one reported by NEI and L1 (1979) when fragments

are obtained from restriction analysm (CLARKE and LAN--

IGAN 1993).

NEI and L (1979) developed a method to estimate
the number, d, of nucleotide substitutions per site be-
tween two DNA sequences when restriction fragment
data are available for both species. The numbet d can
be approximated by

=-2me, (1)
. r '

where G is ¢™™, r being the length of the nucleotide
sequence recognized by the restriction enzyme used,
which is equivalent to the length of the oligonucleotide
sequence used to amplify DNA in RAPD-PCR ( CLARKE
and LANIGAN 1993), \ is the nucleotide substitution
rate per site per year, and ¢ is the time elapsed since
the divergence of the two sequences being considered.
According to NEI and L1 (1979) (see also NEr 1987 p.
106), the estimate G can be derived by the iterative
solution of the relation
G4
F= 3 -2G’

where Fis the expected proportion of shared DNA frag-
ments between two sequences and is estimated by

F=__21.n§.7_\'., . v (3)
my + my

where myx and my represent the total number of restric-
tion fragments in sequences X and Y, respectively, and
- mxyrepresents the number of fragments shared by both
sequences (NEI 1987, p. 106) . To make statistically valid
tests between different values of d, it is necessary to
know its variance. In' this letter we derive an approxi-

Genetics 140: 1443-1446 (August, 1995)

@)

e

mate expression for the variance of d when an estimate

of Var (£) is already available (NEI and TAjiMA 1981)
and check this expression by -numerical simulation.

" NE1 and TAJIMA (1981) derived the following expres-
sion for the samphng variance of £:

Var(ﬁ) = -{Fu - B
\-F%h#ﬁn+%u*&m,ﬁ)

where M is the avemge number of restncnon fragments

_in the sequences analyzed.

Let us assume that an estimate of F has being ob-
tained empirically and that the solution of Equation 2
has provided an estimate for -G. The application of the

Var operator to both sides of Equation 2 gives

4
i ) (5)

var(F) = V”(s ~26)

The use of FISHER's apprdximate variance formula
(F1sHER 1925), or delta method, retaining up to third
order term in Taylor’s expansion for the computation

-~ of the previous variance leads to the expression

86G°(2 = G) 1o _
Var (ﬁ)’ G -2g)* 62~ 06 Va(6)
2(2G? - 8G + 9) ,
5o M(®1. (6
where
‘ _ . ,
(6 = =220 h, ()

216G°(2 — G)?

in which ps () represents the third order central mo-
ment of the corresponding raridom variable. ‘
The third order moment of F has been derived as

us(F) = i F)-(l =25
."o
Fs{"o\[FU -na-2o/p + 7%(1 )
4730
3F2(1-no‘[;‘ 2noF + 2n§\/;‘§) (8)
4”0 -

Again, use of FISHER’s approximate variance on Ex-
pression 1 leads to
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Var(d) = #s( G) ]

e [V (@) ==

The substitution of Expression 9 'into Equations 6 -

and 7, and further rearrangement leads to

(3 - 2G)* [Var(ﬁ)

Ve =5 - o

7 -—117G+646’-1 G* -
-2 12 sm] (10)

6G*(2 —

To test the accuracy of the preccdmg derivation and
to compare the variance estimates of nucleotide diver-
gence obtained from the analyses of restriction frag-
ments and nucleotide sequences, a computer simula-
tion, following the procedure described in Lt (1981),
has been carried out.

‘The simulation analyses were based on three random
sequences (1000, 10,000, and 100,000 bp long, respec-
" tively) with equal composition frequencies of the four
nucleotides. These sequences were made to evolve
allowing only for nucleotide substitutions. Each original
sequence was changed randomly, giving rise to 2000
pairs of derived sequences for each evolutionary rate.
Evolutionary rates, 2\t, varied from 0.002 to 0.05 substi-
tutions per nucleotide and unit time along each branch.
The resulting pairs were compared by three different
procedures.

First, each pair of sequences was comparcd using

Jukes-Cantor correction for est1mat1ng nucleotide diver-

gence. Second, two different restriction digestions were
simulated, using either one four-cutter or 10 different
_ six-cutters with recognition sequences obtained at ran-

dom. Divergence between any two sequences was esti--

mated either from the length of the fragments obtained
in both restrictions using Equations 1-3 and from re-
striction site data, using Equation 5.42 in Ne1 (1987, p.
101). Variances for the estimated divergence for each
_ pair of sequences were computed according to Equa-
tion 5.4 in NEI (1987, p. 66) for nucleotides, Equation
10 for restriction fragments data and Equation 5.45
from NE1 (1987, p. 101) for restriction sites data.
Values for the average divergences estimated directly
from the sequences and restriction sites and fragments

are shown in Table 1. This table also shows the variances 7

of the prevmus estimates and the average value of the

2000 variances of the estimated distances computed us-,

ing nucleotide and restriction sites and fragmenrs di-
vergences for each evolutionary rate.

The reliability of the simulated evolutionary process .

for all the rates and sequence lengths can be checked
by the Jukes-Cantor estimates of nucleotide divergence.
Also, the Monte Carlo method for checking the vari-
ance expression (5.4) in NEI (1987, p..66) is corrobo-
rated when the second and third columns under the

9)

heading *‘Restriction Sites” in the table are compared.
Taking this into account, the estimation of evolutionary

. distances from sites and length of restriction fragments

shows the following features. :
" For restriction site data, better estimates are obtained

using one single four-cutter than 10 six-cutters. This
statement is independent of the length of the sequence

*used in the simulation, although generally better esti-

mates are obtained using longer sequences. Using one

. four-cutter, and for L = 1000 or.L = 10000, generally

a slight overestimate of Var (d) is obtained using Equa-
tion 5.45 from NEe1 (1987). For L = 100, 000 and all
rates and for two previous Var (d) is usually underesti-
mated by this equation. When ten six-cutters are used,
the estimated distances are only acceptable for L =

100,000 and are clear underestimates for smaller

lengths. These underestimates cannot be explained by
a wrong simulation as deduced in the previous para-
graph There is no clear pattern for the corresponding
variances, where small under- and overestimates can be"

~ observed for all lengths and evolutionary rates.

The use of restriction fragment lengths for estimating
sequence divergence presents several problems. First,
nucleotide divergences can only be estimated reliably
from a combination of the right sequence length and
number of restriction fragments. In our case, this was
achieved using either L = 10,000 and one four-cutter or

L = 100,000 and 10 six-cutters. All othér combinations
" resulted in serious underestimates of the simulated di-

vergence. For small sequence lengths or numbers of
generated fragments, this could be due to the small
number of fragments generated. For larger sequences,
the explanation rests on the redundancy of nonhomol-
ogous fragments with equal length generated when 2\¢
= 0.02. For the two cases with acceptable estimates of
divergence (L = 10,000, r = 4 and L = 100,000, r =
6), the variance estimates obtained using Equation 10
always underestimate the variances deduced from
Monte Carlo replicates. This leads to an increased type
I: error probability if it is accepted that the variances
obtained from the 2000 estimates of d are a good ap-
proximation to the actual variances. :

There are two serious limitations to the use of restric-

tion fragment data for the estimation of nucleotide di- -
~vergences: the range of divergences to which the
" method can be reliably applied is very limited (2\: =
_ 0.05) and the lack of an expression for the variance of

the estimated divergence. We have tried to provide a
solution for this last problem by deriving Equation 10
and checking its accuracy by Monte Carlo simulation.
Although the variances obtained from the simulations
and by direct application of Equation 10 are not as
coincident as desirable, nevertheless a quite good ap- -
proximation to the magmtude of the variance can be

~ obtained from the expression here proposed. The val-
ues derived from Equation 10 can be used for per-
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forming conservative tests among pairs of sequences
being compared. The increasing use of the RAPD-PCR
“method for deriving phylogenetic relationships, espe-
cially at the intraspecific and intrageneric levels, could
benefit from the use of this expression for providing
approximate tests of the derived relationships.

" We have tried to test the accuracy of our Monte Carlo
~ simulations by comparing the divergences obtained
after evolution of one single sequence into pairs of

_ derived ones using three different methods: nucleotide,

. restriction site, and restriction fragment data. We agree
with COCKERHAM and WEIR (1993) in that simulation

results should be thoroughly. checked against analyti-'
cally derived expressions. This has led us to identify -

some possible pitfalls in the use of simulations in se-
quence evolution and later comparing sequences by
sampling a subset of their nucleotides, either by restric-

tion sites or fragments. Even if the simulated and analyt- .

ically deduced results are not coincident for restriction
fragment data, the two other estimations allow us to be
confident on the reliability of our simulations. -
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