Suppl enentary Materi al

S1. Bose-Einstein (B-E) distribution of nucleotides in a DNA

segnent

A DNA segment with 3 A (N

A=3=R) and 4 No-A (Z=T, G, C)

bases (N z=4=N-1) may have a sequence AZZAZAZ. Zs may be wall s of
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The expected mean of A per box (in the first box) i

4x2+1x3)/35=21/35=3/5; this occurs equally for each

s (20x0+10x1+

box; that is



N, divided by N ~+1. B-E distribution has the same coefficients of

the Pascal's Triangle as in the following matrix: n umber of
arrays given by R balls in N boxes {C(N,R) = (N+R-1 )/[R!(N-
1)1}, where the binomial coefficients are in the s econdary
diagonals.
R
0 1 2 3 4 5 R

N

11 1 1 1 1 1.. RI/(R!0Y)

2 1 2 3 4 5 6.. (R+1)/(RI1!)
31 3 6 10 15 21.. (R+2)Y/(R!2!)
4 1 4 10 20 35 56.. (R+3)1/(R!3!)
5 1 5 15 35 70 126... (R+4)Y/(R!4!)
6 1 6 21 56 126 252 .. (R+5)!/(RI5!)
7 1 7 28 84 210 462 ... (R+6)!/(R!6!)
8 1 8 36 120 330 792.. (R+7)(RIT!)

1
N (N-1)! _ N (N+D) (N+2)! _(N+3)! (N+4)! cor (N+R-1)!
O!(N-1)! 1I(N-1)! 2!(N-1)! 3I(N-1)! 41(N-1)! 5I(N-1)!  RI(N-1)
We demonstrate that any element in the matrix is th e sum of

the elements in the preceding row or column, that i S
C(N,R)=C[(N-1),R]+C[(N-1),(R-1)]+C[(N-1),(R-2)]+... C[(N-1),(R-
R)]; or C(N,R)=CIN,(R-1)]+C[(N -1),(R-1)]+C[(N-2),( R-1)]+...
C[(N-N+1),(R-1)] for rows or columns respectively. Let us
demonstrate it for rows. If a box is fixed, as in t he first box
of the example, it can have 0, 1, 2, ..., R balls. This series
describes exhaustively and without repetition the u niverse of
arrays. If the box is empty (0 balls) the number of arrays is

C[(N-1),R], the element of the matrix immediately o ver C(N,R),



because R balls distribute in (N-1) boxes. If the b
one ball, the number of arrays is C[(N-1),(R-1)] be
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35=0.571; P(1)=10/35=0.286; P(2)=4/35=0.114 and P(3
Expected numbers of boxes with 0, 1, 2...R balls ar

of these probabilities and the number of boxes (N),
the example, N(0)=4x0.571=2.284; N(1)= 1.144; N(2)=
N(3)=0.116. Let us obtain the mean [E(x), X = numbe

2 )-[E(X)]
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In the first triangle whose sum is C(N+1,R-1),
is repeated once, C(N-1,R-2) twice, and any combina
element is repeated J times. Since J is equal to X,
is exactly the sum of x values of C(N,R), and the s
elements plus that one for x=0 is equal to C(N,R).
mean or E(x) is directly C(N+1,R-1)/C(N,R)=(N+R-1)!
DY[(N+R-1)!(R-1)!N!'] = R/N as showed in the examp
balls/N° boxes). The E(x
We remark that C(N-1, R-1) is repeated once in the
triangle. C(N-1,R-2) appears twice in the first tri
once in the second one. C(N-1,R-3) is repeated thre
twice and once in the first, second and third trian
respectively. Thus, any combinatorial element corre
(J) is repeated a number of times equal to the sum
numbers from 1 to x. This sum is x(x+1)/2=(x
C(N+2,R-1) is equal to the sum of (x
values of C(N,R). As C(N+1,R-1) is the sum of x val
C(N,R), the expected sum of x
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DY[(R-1)!INIJ}=(N+R-1)/(N+2R-1)/[(R-1)!(N+1)! ], w
by C(N,R)=(N+R-1)//[R!(N-1)] yields E(x
%)-[E(X)]
= [R(N+R)(N-1)[/[N(N+1)]. We can test the observed
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is equal to the observed mean, we can test only the variance.

This is not a Gaussian distribution that allows an For ¥
variance ratio test; thus, variances were tested by a z test
with the expected standard error of the variance [S Ey =square
root of the variance of the variance (V v) divided by the number
of boxes, N]J.

(Observed variance - Expected variance) V o-V E
’ _square root [(variance of variar:c;e-)—/-lil] SE v -

VWEE(IX-E(X)] 2V} ?=E(x ©)-4E(x °)E()+8[E(X)]  *E(x?)-4[EX)]  *[E(X )] ?

(see also Wright, 1968; Spiegel et al., 2001). E(x Hand E(x 4
were obtained by trial and error with B-E matrix el ements as it
was for E(x) and E(x 2). They resulted to be:

E(x 3)=[2C(N+4,R-1)-C(N+1,R-1)-2C(N+4,R-4))/C(N, R)=R[2( N+R)(N+R+1)
(N+R+ 2)-(N+1)(N+2)(N+3)-2(R-3)(R-2)(R-1)J/[N(N+1)( N+2)(N+3)] =

E(x 3) = R[BR(N+R-1)+(N-1)(N-2)/ [N(N+1)(N+2)]

E(x 4)=[4C(N+6,R-1)-3C(N+3,R-1)-4C(N+7,R-3)+3C(N+3,R-3)+ 4AC(N+8,R-4)-4C(
N+ 7,R-4)-4C(N+8,R-6)+4C(N+6,R-6)]/C(N,R) =4R[(N+R) (N+R+1)(N+R+2)(N+R
+3)(N+R+4)+(R-1)(R-2)(R-3)(R-4)(R-5)-(R-1)(R-2)(N+R )(N+R+1)(N+2R-1)]/[
N(N+1)(N+2)(N+3)(N+4)(N+5)]-3R[(N+R)(N+R+1)-(R-1)(R -2))/IN(N+1)(N+2)]=
E(x )=R{(N-1)[(N-1)(N-6)+2R(7N+18R-12)]+24R 3YIN(N+1)(N+2)(N+3)].
The analytical demonstration was not found. N umerical
calculi were performed in a 25x25 B-E matrix and ag reed with
those given by formulae. This agreement was also fo und for the
8954 bases of HIV-1 and the 2627 bases of S-env DNA segment. The
correction by the B-E covariance [-R(R+N)J/[N 2(N+1)] = -(R/N)[(
R/N)+1][1/(N+1)] was neglected, because of its smal | value [near

L(N+1)].



S2. Testing Runs

Let AAZZAZZZAAAAZZAZ be a sequence of 8 A (N A=8) and 8 No-A
(Z, N 7z=8) with 4 "runs" of A and 4 runs of Z, N=N A+Nz =16. The
variable "number of runs" (u, this case 8) distribu tes with mean
mu=[(2N ANz/N)+1], and variance s u2=[2N ANZ(2N ANZ-N)[/[N ~ 2(N-1)].

IfN aand N 7z are larger than 9, the sample distribution of u is

near Gaussian. Thus, run sequences can be tested by a z test for

normal distribution [z = (u-m w)/s u] (Freund et al., 2000;

Spiegel et al., 2001).



