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Fig. 5. Pseudoinverse projection of the proteins’ DNA-binding data onto the cell cycle mRNA expression SVD
(upper) and GSVD (lower) bases of nine eigenarrays and six arraylets, respectively. Shown are raster displays of the
linear transformation dˆ → b̂ĉ of the proteins’ DNA-binding data from the 2, 227 ORFs × 13-data samples space to the
nine eigenarrays of the SVD basis × 13-data samples space (upper) and from the 2, 139 ORFs × 13 data-samples space
to the the six arraylets of the GSVD basis × 13 data-samples space (lower), with overexpression (red), no change
in expression (black) and underexpression (green) centered at ORF- and sample-invariant expression, and with the
ORFs sorted according to their SVD and GSVD phases, respectively.

Fig. 6. Canonical correlations of the proteins’ DNAbinding profiles with the SVD (a) and GSVD (b) cell
cycle mRNA expression bases.
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Fig. 7. Proteins’ DNA-binding profiles with the 2,928 ORFs sorted according to their levels of binding occupancies,
include ≈200 ORFs with largest and smallest binding occupancy levels each.

a

Classification
Microarray

b

Traditional

Sample
Mbp1
Swi4
Swi6
Fkh1
Fkh2
Ndd1
Mcm1
Ace2
Swi5
Mcm3
Mcm4
Mcm7
Orc1
Mbp1
Swi4
Swi6
Fkh1
Fkh2
Ndd1
Mcm1
Ace2
Swi5
Mcm3
Mcm4
Mcm7
Orc1

Most likely
parallel
association
G1
G1
G1
S/G2
G2 /M
G2 /M
G2 /M
M/G1
M/G1
None
None
None
None
G1
G1
G1
S/G2
G2 /M
G2 /M
G2 /M
M/G1
M/G1
None
None
None
None

P value of
parallel
association
1.6 × 10−14
1.5 × 10−17
4.7 × 10−32
7.2 × 10−4
3.9 × 10−11
2.0 × 10−19
1.2 × 10−12
1.1 × 10−3
1.3 × 10−15
4.5 × 10−4
1.3 × 10−2
1.3 × 10−2
4.0 × 10−3
2.7 × 10−10
2.7 × 10−7
4.8 × 10−19
4.0 × 10−2
3.7 × 10−6
5.0 × 10−9
1.6 × 10−7
1.1 × 10−1
6.2 × 10−4
2.7 × 10−2
4.0 × 10−3
2.7 × 10−2
2.2 × 10−1

Most likely
antiparallel
association
None
None
G2 /M
None
None
G1
G1
G2 /M
G1
G1
G1
G1
G1
None
None
G2 /M
S
None
M/G1
G1
S
G2 /M
G1
G1
G1
G1

P value of
antiparallel
association
4.0 × 10−3
1.2 × 10−1
7.3 × 10−2
3.5 × 10−1
8.3 × 10−2
9.5 × 10−2
4.0 × 10−3
8.4 × 10−3
4.5 × 10−5
7.9 × 10−10
1.2 × 10−8
7.9 × 10−10
4.3 × 10−13
9.3 × 10−2
9.3 × 10−2
4.4 × 10−2
3.9 × 10−1
2.7 × 10−2
3.3 × 10−1
3.3 × 10−2
7.8 × 10−2
6.2 × 10−5
5.0 × 10−4
2.4 × 10−3
5.0 × 10−4
5.0 × 10−4

Table 1. Most likely parallel and antiparallel associations of the proteins’ DNA-binding profiles with cell cycle mRNA
expression stages according to the microarray (a) and traditional (b) classifications of yeast ORFs.
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Pseudoinverse Reconstruction of the mRNA
Expression Data in the mRNA Expression Bases.
Of the 3,954 and 3,625 ORFs in the intersections of the
4,636 ORFs of the α-factor cell cycle time course mRNA
expression data set (Data Set 6) and the 4,579 and 4,523
ORFs of the SVD- and GSVD-cell cycle mRNA expression bases, 552 and 502 ORFs were microarray-classified,
and 63 and 58 were traditionally classified as cell cycleregulated, respectively. In these intersections, at least
one canonical correlation of each α-factor expression profile with either the SVD or GSVD bases is > 0.15 (Fig. 8).
Of the 4,404 and 4,383 ORFs in the intersections of
the 5,840 ORFs of the CLB2 and CLN3 mRNA overexpression data set (Data Set 7) and the 4,579 and 4,523
ORFs of the SVD- and GSVD-cell cycle mRNA expression bases, 612 and 581 ORFs were microarray-classified,
and 77 and 74 were traditionally classified as cell cycleregulated, respectively. In these intersections, at least
one canonical correlation of each CLB2 and CLN3 overexpression profile with either the SVD or GSVD bases is
> 0.25 (Fig. 9). And, of the 3,325 and 3,130 ORFs in the
intersections of the 4,122 ORFs of the CDC15 cell cycle
time course mRNA expression data set (Data Set 8) and
the 4,579 and 4,523 ORFs of the SVD- and GSVD-cell
cycle mRNA expression bases, 494 and 440 ORFs were
microarray-classified, and 58 and 53 were traditionally
classified as cell cycle-regulated, respectively. In these
intersections, at least one canonical correlation of each
CDC15 expression profile with either the SVD or GSVD
bases is > 0.1 (Fig. 10). We reconstruct the α-factor cell
cycle, CLB2 and CLN3 overexpression and CDC15 cell
cycle mRNA expression data sets (Data Sets 6, 7, and
8) in the SVD and GSVD bases by using pseudoinverse
projections in the corresponding intersections (Figs. 11–
13 and Mathematica Notebook 2).
The SVD- and GSVD-reconstructed cell cycle time
courses data approximately fit traveling waves, cosinusoidally varying across the ORFs as well as across the 18
α-factor arrays and the 24 CDC15 arrays, and outlining
the progression of the cell cycle along the ORFs and in
time, from one array to the next. These traveling waves
are in agreement with the current understanding of the
cell cycle program. Pseudoinverse reconstruction of the
data in both the SVD and GSVD bases, therefore, simulate experimental observation of only the mRNA expression cell cycle cellular states, and filters off the cellular
states that are manifest in the data, which are due to
synchronization responses and other experimental artifacts and are superimposed on the cell cycle time courses
expression data. The SVD- and GSVD-reconstructed
CLB2 and CLN3 overexpression data approximately fit
standing waves, cosinusoidally varying across the ORFs
and constant across the two CLB2 overexpressed arrays
and the CLN3 overexpressed arrays, that are antiparallel
to one another.
Pseudoinverse Mapping of the mRNA Expression Data Onto the mRNA Cell Cycle Expression Subspaces. We map the SVD- and GSVD-
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reconstructed mRNA expression data onto the SVD- and
GSVD-cell cycle mRNA expression subspaces, respectively, associating with each expression profile cell cycle
phase and amplitude (Figs. 14 and 15 and Mathematica
Notebook 2).
Projected from the SVD-basis, that is spanned by
six eigenarrays, onto the SVD-cell cycle subspace, that
is spanned by two of these eigenarrays, 19 out of the
22 SVD-reconstructed α-factor, CLB2 and CLN3 arrays have at least 25% of their expression profiles in
this subspace, where their distances from the origin satisfy 0.5 ≤ rl < 1 (Fig. 14a). Projected from the sixdimensional GSVD-cell cycle subspace, that is spanned
by six arraylets, onto the two-dimensional subspace that
approximates it, 50% or more of the contributions of the
six arraylets to 20 out of the 22 GSVD-reconstructed αfactor, CLB2 and CLN3 arrays add up, rather than cancel out, where the distance of each array from the origin
satisfies 0.5 ≤ rl < 1 (Fig. 14b). Projected from the
SVD-basis, that is spanned by eleven eigenarrays, onto
the SVD-cell cycle subspace, that is spanned by two of
these eigenarrays, 17 out of the 24 SVD-reconstructed
CDC15 arrays have at least 25% of their expression profiles in this subspace (Fig. 15a). Projected from the sixdimensional GSVD-cell cycle subspace, that is spanned
by six arraylets, onto the two-dimensional subspace that
approximates it, 50% or more of the contributions of the
six arraylets to 23 out of the 24 GSVD-reconstructed
CDC15 arrays add up, rather than cancel out (Fig. 15b).
Sorting the α-factor arrays according to their SVDand GSVD-phases gives an array order similar to that of
the cell cycle time points measured by the arrays, which
describes the yeast cell cycle progression from the G2 /M
stage through M/G1 , G1 , S, S/G2 , back to G2 /M twice.
Sorting the CDC15 arrays according to their SVD- and
GSVD-phases also gives an array order similar to that of
the cell cycle time points measured by these arrays, which
describes the yeast cell cycle progression through about
two and a half periods starting at G2 /M. The expression
profiles of the CLB2 and CLN3 overexpressed arrays are
SVD- and GSVD-mapped onto cell cycle stages which are
antipodal to one another, at the transitions from G2 /M
to M/G1 and from G1 to S, respectively. This mapping is
consistent with the traditional schematic understanding
of cell cycle regulation in yeast [13]: G1 cyclins, such as
the one encoded by CLN3, and G2 /M cyclins, such as
the one encoded by CLB2, drive the cell cycle past either
one of two antipodal checkpoints, from G1 to S and from
G2 /M to M/G1 , respectively.
Independently, we also parallel- and antiparallelassociate each expression profile with most likely parallel and antiparallel cell cycle stages, or none thereof
(Tables 2 and 3). We use combinatorics and assume hypergeometric distribution of the 629 and 74 ORFs, which
were microarray and traditionally classified as cell cycleregulated, respectively, among all N = 4, 636 ORFs in
the α-factor data set (Data Set 6), the 754 and 100 ORFs,
which were microarray and traditionally classified as cell
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cycle-regulated, respectively, among all N = 5, 840 ORFs
in the CLB2 and CLN3 data set (Data Set 7), and the
570 and 68 ORFs, which were microarray and traditionally classified as cell cycle-regulated, respectively, among
all N = 4, 122 ORFs in the CDC15 data set (Data Set
8), and among each of the subsets of n = 200 ⊂ N ORFs
with largest and smallest levels of expression in each data
set (Figs. 16–18 and Mathematica Notebook 2). For each
expression profile, at least one of the four P values, following either the microarray or the traditional classification, for either parallel or antiparallel association, is
< 0.01. Most of the P values are orders of magnitude
< 0.01. Almost all parallel and antiparallel associations
of each expression profile are consistently antipodal, i.e.,
half of a cell cycle-period apart. Also, almost all associations following the microarray classification are consistent with the associations following the traditional classification. For example, following both the microarray
and the traditional classifications, both profiles of CLB2
overexpression are associated in parallel with the cell cycle stage G2 /M and in antiparallel with the stage that is
antipodal to G2 /M, i.e., G1 . Similarly, both profiles of
CLN3 overexpression are associated in antiparallel with
the cell cycle stage G2 /M and in parallel with the antipodal stage, i.e., G1 . The SVD- and GSVD-mapping
of all of the expression profiles onto the cell cycle expression subspaces are consistent with the probabilistic
associations by ORF annotations.
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Fig. 8. Canonical correlations of the α-factor cell cycle
time course mRNA expression profiles with the SVD (a)
and GSVD (b) cell cycle mRNA expression bases.

Fig. 9. Canonical correlations of the CLB2 and CLN3
mRNA overexpression profiles with the SVD (a) and
GSVD (b) cell cycle mRNA expression bases.

Fig. 10. Canonical correlations of the CDC15 cell cycle
time course mRNA expression profiles with the SVD (a)
and GSVD (b) cell cycle mRNA expression bases.
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Fig. 11 (above). Pseudoinverse reconstruction of the αfactor cell cycle time course mRNA expression data in the
SVD (a and b) and GSVD (c and d) cell cycle mRNA expression bases, with the ORFs sorted according to their
SVD- and GSVD-phases, respectively. Raster displays (a
and c), with overexpression (red), no change in expression (black) and underexpression (green), and line-joined
graphs (b and d) of the SVD- and GSVD-reconstructed
18 expression profiles along 3,954 and 3,625 ORFs, centered at their sample- and ORF-invariant levels, showing
a traveling wave across the 18 arrays.
Fig. 12 (right). Pseudoinverse reconstruction of the
CLB2 and CLN3 overexpression data in the SVD (a
and b) and GSVD (c and d) bases, with the ORFs
sorted according to their SVD- and GSVD-phases, respectively. Raster displays (a and c), with overexpression (red), no change in expression (black) and underexpression (green), and line-joined graphs (b and d) of
the SVD- and GSVD-reconstructed 4 expression profiles
along 4,404 and 4,383 ORFs, centered at their sampleand ORF-invariant levels, showing two standing waves
across the two CLB2- and the two CLN3-overexpressed
arrays.
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Fig. 13. Pseudoinverse reconstruction of
the CDC15 cell cycle time course mRNA
expression data in the SVD (a and b) and
GSVD (c and d) cell cycle mRNA expression bases, with the ORFs sorted according
to their SVD- and GSVD-phases, respectively. Raster displays (a and c), with overexpression (red), no change in expression
(black) and underexpression (green), and
line-joined graphs (b and d) of the SVDand GSVD-reconstructed 24 expression
profiles along 3,325 and 3,130 ORFs, centered at their sample- and ORF-invariant
levels, showing a traveling wave across the
24 arrays.

Fig. 14. Pseudoinverse mapping of of the α-factor
cell cycle time course expression and CLB2 and
CLN3 overexpression data onto the SVD (a) and
GSVD (b) cell cycle expression subspaces. (a) Normalized array correlation with the π/2-phase eigenarray along the y-axis vs. that with the 0-phase
along the x-axis, color-coded according to the classification of the arrays into the 5 cell cycle stages by
using combinatorics, M/G1 (yellow), G1 (green), S
(blue), S/G2 (red) and G2 /M (orange). The dashed
unit and half-unit circles outline 100% and 25% of
overall normalized array expression in this subspace.
(b) Array expression, projected from the six-arraylets
GSVD subspace onto π/2-phase along the y-axis
vs. that onto 0-phase along the x-axis. The dashed
unit and half-unit circles outline 100% and 50% of
added up (rather than cancelled out) contributions of
the six arraylets to the overall projected expression.
The arrows describe the projections of the −π/3-, 0and π/3-phase arraylets.
Fig. 15. Pseudoinverse mapping of the CDC15 cell
cycle time course mRNA expression data onto the
SVD (a) and GSVD (b) subspaces. (a) Normalized array correlation with the π/2-phase eigenarray
along the y-axis vs. that with the 0-phase along the
x-axis. (b) Array expression, projected from the sixarraylets GSVD subspace onto π/2-phase along the
y-axis vs. that onto 0-phase along the x-axis.
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Fig. 16 (above). α-factor cell cycle time course mRNA
expression profiles with the 4,636 ORFs sorted according
to their levels of expression, include ≈200 ORFs with
largest and smallest expression levels each.
Fig. 17 (right).
CLB2 and CLN3 overexpression
profiles with the 5,840 ORFs sorted according to their
levels of expression, include ≈200 ORFs with largest
and smallest expression levels each.
Fig. 18 (below).
CDC15 cell cycle time course
mRNA expression profiles with the 4,122 ORFs sorted
according to their levels of binding occupancies, include
≈200 ORFs with largest and smallest expression levels
each.
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a

Classification
Microarray

b

Traditional

Array
1
0 min
2
7 min
3
14 min
4
21 min
5
28 min
6
35 min
7
42 min
8
49 min
9
56 min
10
63 min
11
70 min
12
77 min
13
84 min
14
91 min
15
98 min
16
105 min
17
112 min
18
119 min
19
CLB2
20
CLB2
21
CLN3
22
CLN3
1
0 min
2
7 min
3
14 min
4
21 min
5
28 min
6
35 min
7
42 min
8
49 min
9
56 min
10
63 min
11
70 min
12
77 min
13
84 min
14
91 min
15
98 min
16
105 min
17
112 min
18
119 min
19
CLB2
20
CLB2
21
CLN3
22
CLN3

Most likely
parallel
association
G2 /M
M/G1
G1
G1
G1
S
S/G2
G2 /M
G2 /M
G2 /M
M/G1
G1
G1
G1
S/G2
G2 /M
G2 /M
G2 /M
G2 /M
G2 /M
G1
G1
M/G1
M/G1
G1
G1
G1
S
S
G2 /M
G2 /M
G2 /M
M/G1
G1
G1
S
S
G2 /M
S/G2
G2 /M
G2 /M
G2 /M
G1
G1
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P value of
parallel
association
3.3 × 10−6
5.7 × 10−4
4.3 × 10−26
4.0 × 10−57
4.6 × 10−19
2.1 × 10−10
1.2 × 10−11
6.2 × 10−16
3.1 × 10−31
6.2 × 10−16
1.6 × 10−21
2.5 × 10−62
5.8 × 10−34
1.8 × 10−8
3.3 × 10−3
4.8 × 10−4
3.1 × 10−10
3.3 × 10−14
2.1 × 10−67
1.0 × 10−55
1.2 × 10−61
5.1 × 10−48
4.4 × 10−6
1.3 × 10−2
4.2 × 10−7
7.0 × 10−14
2.0 × 10−11
3.4 × 10−6
1.0 × 10−2
7.6 × 10−3
2.7 × 10−8
5.8 × 10−4
1.7 × 10−7
2.3 × 10−22
1.6 × 10−16
3.4 × 10−6
3.4 × 10−6
7.6 × 10−3
5.5 × 10−2
3.0 × 10−5
7.0 × 10−14
7.0 × 10−14
5.2 × 10−27
1.1 × 10−15

Most likely
antiparallel
association
G1
S
G2 /M
G2 /M
G2 /M
M/G1
M/G1
M/G1
G1
G1
S/G2
S/G2
G2 /M
G2 /M
M/G1
M/G1
M/G1
G1
G1
G1
M/G1
G2 /M
G1
S
S
M/G1
M/G1
M/G1
M/G1
M/G1
G1
G1
S
S/G2
G2 /M
G2 /M
M/G1
M/G1
G1
G1
G1
G1
G2 /M
G2 /M

P value of
antiparallel
association
5.0 × 10−27
1.3 × 10−6
3.3 × 10−6
1.1 × 10−18
6.2 × 10−16
2.1 × 10−20
4.8 × 10−25
4.8 × 10−30
6.9 × 10−51
6.8 × 10−16
4.1 × 10−9
1.4 × 10−7
1.4 × 10−21
8.5 × 10−9
2.0 × 10−3
3.3 × 10−18
3.3 × 10−18
9.7 × 10−21
7.3 × 10−26
1.2 × 10−31
6.5 × 10−13
4.5 × 10−18
7.0 × 10−14
3.4 × 10−6
3.4 × 10−6
1.7 × 10−7
4.5 × 10−9
4.4 × 10−6
1.1 × 10−12
1.1 × 10−12
3.5 × 10−15
4.2 × 10−8
3.4 × 10−6
5.5 × 10−3
1.1 × 10−6
6.6 × 10−2
1.3 × 10−2
8.8 × 10−5
3.8 × 10−6
4.2 × 10−8
9.2 × 10−9
2.0 × 10−14
1.0 × 10−4
1.0 × 10−4

Table 2. Most likely parallel and antiparallel associations of α-factor cell cycle time course mRNA expression and
CLB2 and CLN3 overexpression profiles with cell cycle stages according to the microarray (a) and traditional (b)
classifications of yeast ORFs.

https://alterlab.org/pseudoinverse/ | A-9

Alter & Golub (2004)

a

Classification
Microarray

b

Traditional

Array
1
10 min
2
30 min
3
50 min
4
70 min
5
80 min
6
90 min
7
100 min
8
110 min
9
120 min
10
130 min
11
140 min
12
150 min
13
160 min
14
170 min
15
180 min
16
190 min
17
200 min
18
210 min
19
220 min
20
230 min
21
240 min
22
250 min
23
270 min
24
290 min
1
10 min
2
30 min
3
50 min
4
70 min
5
80 min
6
90 min
7
100 min
8
110 min
9
120 min
10
130 min
11
140 min
12
150 min
13
160 min
14
170 min
15
180 min
16
190 min
17
200 min
18
210 min
19
220 min
20
230 min
21
240 min
22
250 min
23
270 min
24
290 min

Most likely
parallel
association
M/G1
G1
G1
S
S/G2
G2 /M
G2 /M
G2 /M
G2 /M
M/G1
G1
G1
G1
G1
S
G2 /M
G2 /M
G2 /M
G2 /M
G2 /M
G2 /M
M/G1
M/G1
M/G1
G2 /M
G1
G1
S
S
G2 /M
G2 /M
G2 /M
G2 /M
M/G1
G1
G1
G1
S
S
S
G2 /M
G2 /M
G2 /M
G2 /M
M/G1
M/G1
M/G1
M/G1

P value of
parallel
association
1.1 × 10−3
1.4 × 10−12
2.3 × 10−29
2.5 × 10−8
2.2 × 10−9
3.8 × 10−20
3.8 × 10−20
2.0 × 10−29
9.3 × 10−15
4.2 × 10−18
3.0 × 10−20
1.3 × 10−18
6.8 × 10−12
1.2 × 10−4
1.1 × 10−3
4.7 × 10−4
4.6 × 10−10
1.5 × 10−11
2.3 × 10−17
1.4 × 10−5
1.1 × 10−8
1.2 × 10−11
1.2 × 10−5
5.9 × 10−5
1.4 × 10−2
2.9 × 10−5
4.9 × 10−14
2.6 × 10−5
1.0 × 10−3
9.3 × 10−5
9.3 × 10−5
3.9 × 10−9
1.4 × 10−3
7.6 × 10−7
3.7 × 10−6
3.8 × 10−8
4.0 × 10−7
2.6 × 10−5
1.0 × 10−3
1.0 × 10−3
1.4 × 10−3
1.4 × 10−3
1.4 × 10−3
9.3 × 10−5
2.4 × 10−4
2.8 × 10−8
1.6 × 10−5
2.4 × 10−4

Most likely
antiparallel
association
G2 /M
G2 /M
G2 /M
M/G1
M/G1
G1
G1
G1
G1
S
S/G2
G2 /M
G2 /M
M/G1
M/G1
G1
G1
G1
G1
G1
S
S/G2
G2 /M
G2 /M
S
G2 /M
G2 /M
M/G1
M/G1
G1
G1
G1
S
S
G2 /M
G2 /M
G2 /M
G2 /M
None
M/G1
M/G1
G1
G1
G1
S
S/G2
G2 /M
G2 /M

P value of
antiparallel
association
5.2 × 10−8
4.1 × 10−21
1.5 × 10−30
2.8 × 10−19
9.6 × 10−15
3.0 × 10−20
2.3 × 10−29
1.9 × 10−27
6.8 × 10−12
4.5 × 10−3
8.6 × 10−8
4.7 × 10−5
4.7 × 10−5
2.7 × 10−4
5.9 × 10−5
1.0 × 10−14
1.5 × 10−5
3.0 × 10−20
1.5 × 10−5
5.0 × 10−6
4.9 × 10−2
1.2 × 10−1
3.5 × 10−3
4.7 × 10−4
2.1 × 10−2
1.4 × 10−3
1.6 × 10−7
1.6 × 10−5
7.6 × 10−7
3.2 × 10−9
3.2 × 10−9
2.4 × 10−10
2.6 × 10−5
1.0 × 10−3
1.4 × 10−3
1.4 × 10−2
1.4 × 10−3
1.4 × 10−2
3.5 × 10−1
2.7 × 10−3
2.2 × 10−2
3.2 × 10−9
8.7 × 10−2
8.7 × 10−2
2.2 × 10−1
1.3 × 10−2
1.4 × 10−2
1.4 × 10−2

Table 3. Most likely parallel and antiparallel associations of CDC15 cell cycle time course mRNA expression profiles
with cell cycle stages according to the microarray (a) and traditional (b) classifications of yeast ORFs.
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Pseudoinverse Integration of the Reconstructed
Proteins’ DNA-Binding Data with the Reconstructed Proteins’ DNA-Binding Bases. We reconstruct the DNA-binding data for the nine cell cycle transcription factors, dˆ1 , and the four replication initiation
proteins, dˆ2 , in either the SVD- or the GSVD-cell cycle
mRNA expression bases separately,
dˆ1 → b̂b̂† dˆ1 ,

dˆ2 → b̂b̂† dˆ2 .

(3)

These pseudoinverse projections are in the intersections
of 2,227 and 2,139 ORFs, out of which 400 and 377 were
microarray-classified and 58 and 60 were traditionally
classified as cell cycle-regulated, respectively. We compute the pseudoinverse correlations of the reconstructed
four replication initiation proteins’ binding data with the
reconstructed nine cell cycle transcription factors data
(from Data Set 5), which in this case is chosen as the
basis,
ĉ ≡ dˆ†1 b̂b̂† dˆ2 .
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Again we find that the binding profiles of the DNA replication initiation proteins Mcm3, Mcm4, Mcm7 and Orc1,
are anticorrelated with the profiles of the transcription
factors Mbp1, Swi4 and Swi6 that drive the cell cycle
stage G1 , and correlated with that of Mcm1 (Fig. 19).
The correlation between Mcm3, Mcm4, Mcm7 and Orc1
and the transcription factor Mcm1 suggests a genomescale, or maybe even a genome-wide, coordination in the
activities of the DNA replication initiation proteins and
Mcm1. One possible explanation of this correlation may
be provided by the recent suggestion that Mcm1 binds
origins of replication [18]. However, this correlation does
not necessarily mean that Mcm1 co-localizes with origins. It is the tendency of ORFs adjacent to Mcm1’s
binding sites to exhibit transcription minima during the
cell cycle stage G1 which correlates with a similar tendency of those ORFs that are adjacent to binding sites of
the replication initiation proteins Mcm3, Mcm4, Mcm7
and Orc1.

(4)

Fig. 19. Pseudoinverse correlations of the replication initiation
proteins’ DNA-binding data with
transcription factors’ DNA-binding
data, reconstructed in the SVD (a,
b and c) and GSVD (d, e and f)
cell cycle mRNA expression bases.
Shown are raster displays of ĉ ≡
dˆ†1 b̂b̂† dˆ2 , the correlations of the four
replication initiation binding profiles with the nine transcription factors, reconstructed in the SVD (a)
and GSVD (d) bases, respectively.
Also shown are line-joined graphs of
the pseudoinverse correlations with
the SVD-reconstructed (b) Mcm3
(red) and Mcm4 (blue), and (c)
Mcm7 (red) and Orc1 (blue) profiles, and the GSVD-reconstructed
(e) Mcm3 (red) and Mcm4 (blue),
and (f) Mcm7 (red) and Orc1 (blue)
profiles.

Fig. 20. Canonical correlations of the replication initiation proteins’ DNA-binding profiles with the transcription factors’ DNA-binding data, reconstructed in the
SVD (a) and GSVD (b) cell cycle mRNA expression
bases.
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