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Supporting Figure 1. The advantage of combined amgsis
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Supporting Figure 1. The advantage of combined analysis. The figure presents ae of
cliques identified by our algorithm as consisting of cycling gdras all species. The color of
the nodes corresponds to their cycling score (the darkerigherthe score, see Figure 1). Using
the graph connectivity genes with cycling scores just belowctheff can be elevated by
considering their homlogs’ scores. The genes in this clique encode dl@€drproteins, a family
of microtubule-associated proteins (MAPs). Microtubules aregiahe cytoskeletal systems in
all eukaryotes, and their dynamics and organization are cell cycle exfylPabteins in this group
localize to the plus-end tips of microtubules and are essdatiadpindle pole organization.
[48,54,55]. Alpl4, a fission yeast gene, does not obtain a high cydore due to missing data
and is not included on the original list by Rusétil. [4]. Using our method it was determined to
be cycling due to its relatively high score and cycling homologs.



Supporting Figure 2. The advantage of combined amgsis
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Supporting Figure 2. Similar analysis for Histone H3 and variants. Histones areipsote
responsible for the nucleosome structure of the chromosomal fiber iryetdsarCse4 is a
centromere protein similar to H3, and is required for proper chromatidgsgigm [56]. Cnhpl is a
H3 variant also required for chromatid segregation [57].



Supporting Figure 3. The advantage of combined amgsis
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Supporting Figure 3. Genes in this group are kinesin-like proteins. Fission yea&ttgmotes
spindle disassembly [58]. Budding yeast Kar3 is required for sysiemaltid cohesion [59].
Human Kifcl is believed to be necessary for proper cytokinesis KPR is not included in the
original list by Rustickt al.
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Supporting Figure 4. Complementary high throughputanalysis
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Supporting Figure 4. Additional high throughput analysis. (a): expression levels of human genes
in normal tissues, using data from Shyamsuedlat.[51]. Genes in the conserved set have

lower expression levels for most non-proliferating normal tissues whiepared to the full list

and the list of Whitfielcet al.[1]. (b): Human gene expression level in asynchronous cells and GO
cells. The expression of the whole cycling list is lower in GO phasentasyihchronous

population. The change of the conserved set of cycling genes is the mostaainasticall sets
compared. (Significance of difference from all cycling genes: pevidr CCC3 = 0.005, p-value

for CCC4 = 0.006). (c) Human gene expression levels in colon canceg6d¢lisn both cases,

our list and the original list have the same average expression valueanBeeved sets have

higher expression levels than both these lists (CCC3: p-value = 10"-5 and 260C4: p-
value=0.006 and 0.009). (d): Percentage of human cycling genes bound by two cell cycle
transcription factors. Data was retrieved from Real.[20]. The CCC3 and CCC4 set have

much higher percentage than the whole list.
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Supporting Figure 5. Analysis of high amplitude gees
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Percentage of essential budding yeast genes
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Supporting Figure 5. High throughput analysis with an additional control sets. These plots are
similar to those in Fig 2 (b-e) and Fig 4 of the main text, with two additaomdrol sets. For
each species we selected the highest amplitude genes in the cistgrial2,4,7], with the same
size as CCC3 and CCC4 (only CCC4 for the plant data). While these setstabruyv
characteristic of cycling genes (similar to the conservedisetis¢ human and plant datasets,
they are similar to the general cycling genes in the yeasts. Fopkxassentiality analysis for
yeast (e) indicates that the percentage of essential high ampltneg ig similar to the
percentage of essential genes in the full list of cycling genesandch lower than the
percentage of essential genes in CCC3 and CCC4. However, for humanfgdmeggrcentage
of essential genes within the high amplitude set is higher than trenteges of essential genes
in the full list though it is still slightly lower than the percemagh CCC3 and CCC4. Similar
results can be seen using complementary expression analysis (a-d).



Supporting Figure 6: S. cerevisia€ell Cycle SWI6 (conserved genes)

The SWI6 dataset contains 31288 bases in 25 sequences (average: 1251.52 bp).

SWI6's binding motif as found by Harbiset al.is shown below:

SwWie
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SOMBRERO (ranks 1-10), Consensus (ranks 1-10), BioProspector (ranks 1-4, 7, 9 & 10) and
AlignACE (rank 2) all recover a motif similar to the above.
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Supporting Figure 7: S. pombeCell Cycle SWI6 (conserved genes)

The SWI6 dataset contains 56735 bases in 35 sequences (average: 1621.00 bp).

SWI6’s binding motif as found by Harbisen al.is shown below:

Swie

ts
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The above motif is found by SOMBRERO (ranks 2-6), Consensus (lah®%¥, BioProspector
(ranks 1-10), and AlignACE (rank 6). Secondary motifs found inddt@ include a FKH-like
motif (SOMBRERO & AlignACE).
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Supporting Figure 8: S. cerevisiae€Cell Cycle SWI4 (conserved genes)

The SWI4 dataset contains 46536 bases in 28 sequences (average: 1662.00 bp).

SWI4’s binding motif as found by Harbisen al.is shown below:
SWI4

.CcCaAAA..

SOMBRERO (ranks 1, 4, 6), Consensus (ranks 1-10), BioProspeattts(2-5, 7-10) and
AlignACE (rank 9) all recover a motif similar to the aboveOMBRERO also recovers a
“GGAAT” pattern motif (ranks 2, 3, 8, 10).
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Supporting Figure 9: S. pombeCell Cycle SWI4 (conserved genes)

The SWI4 dataset contains 55552 bases in 37 sequences (average: 1501.41 bp).

SWI4'’s binding motif as found by Harbisen al.is shown below:
SWI4

.CcCaAAA..

The above motif is found by SOMBRERO (ranks 1-5), Consensus @@nkBioProspector
(ranks 1-6, 8, & 10), and AlignACE (rank 2). Secondary motifs found endgdita include an
FKH-like motif (SOMBRERO, BioProspector & AlignACE) and anCB2-like motif
(SOMBRERO, Consensus & BioProspector).
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Supporting Figure 10:S. cerevisia€ell Cycle MBP1 (conserved genes)

The MBP1 dataset contains 30826 bases in 29 sequences (average: 1062.97 bp).

MBP1'’s binding motif as found by Harbise al.is shown below:

MBP1

Ac C 3 gl

SOMBRERO (ranks 1-10), Consensus (ranks 1-10), BioProspector (ranks 1-10)g#dCA
(rank 2) all recover a motif similar to the above.
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Supporting Figure 11:S. pombeCell Cycle MBP1 (conserved genes)

The MBP1 dataset contains 59916 bases in 44 sequences (average: 1361.73 bp).

MBP1'’s binding motif as found by Harbise al.is shown below:

MBP1

"aCGCGx_

The above motif is found by SOMBRERO (ranks 1-10), Consensus (tabBf BioProspector
(ranks 1-10), and AlignACE (rank 2). Secondary motifs found in the idelade an FKH-like
motif (AlignACE) and a “TGTTG” motif (SOMBRERO).

blts

S. pombeCC Cons MBP1 SOMBRERO top 10 mdifs S. ponbe CC Cons MBP1 BioProspedor top 10 motifs
. Rank1 . Rank2 . Rank1 2 Rank2
24 1 24 24
o o = o
scoe -A.—Cec_..l'g Ca%gcﬂc‘l'_ C A gL =
U‘.—'ﬁﬁ?ﬁm?-mm?:é I fum=vorsogrunzee “’.—qummhmmn “’-—'ﬁ'«iqmmhm?g
2 Rank3 2 Rank4 2 Rank3 2 Rank4
84 C 24 £14 A 24
HE N w B e~ @ N0 TF o e~ o Nm oo r-%m?_‘ by 7 g2 m%?_
2 Rank5 2 Ranké 2 Rank5 2 Ranké
24 C 24 24 c Ac c %1—A c Ac c
o __,—,,AﬂL o X == = D_A—C-—gT A n_lgAT 11W A,
2 Rank7 2 Rank$ P Rank7 P Rank8
24 24 C 24 c 24 c C
o o o
MGl ® et lir, || FICCUTUING o8] VR 0
o rwmtrlnwr-wmg:‘n_lg?_ u_rwmzrlnwr-ma)‘o_-:_aég e e Trno~o®o - o awo~oe o
. Rank9 2 Rankl0 2 Rank9 2 Rankl10
BT tedL | B Lt C C CC " clC ACC
plax=TlH LAY aGefl o o e A BINeR Ay o YT A—-—=AI plm e AT VL IWA XY
Fumr e e RnorNRTES Aot wsRodorantes ke rangno~a® o ram S0 d NG e D

14



Supporting Figure 12:S. cerevisia€ell Cycle FKH2 (conserved genes)

The FKH2 dataset contains 17241 bases in 23 sequences (average: 749.61 bp).

FKH2’'s binding motif as found by Harbis@t al.is shown below:

2 FKH2

| C
0 %—% T‘?‘IAAATA_% a

Only BioProspector (ranks 1, 3-5) recovers a motif similar to the above SEaMBRERO and
AlignACE recover MCM1-like motifs and BioProspector finds a “AGG&®dntaining motif.

S. cereviiae CC Cons FKH2 SOMBRERO top 10 motifs

bits

S. cerevisia€€C Cons FK H2 BioProspecta top 10 motifs

e R e LT

NS0 O N~00O

-

Rank1 Rank2

2 - 2 P Rankl1 2 Rank2

4. 2,

= H 84 8,4

o 100 e, Lombellet e =l e
ELELLENGTE | RGNS Wl e el el
2 Rank3 2 Rank4 N Rank3 ) Rank4

84 84 2 &

: T o S ] |

=11z L 4 TCC Tgge Tele =

CraeToerwebs | OrNGsserwas | oltitiealilpbel IRV S TSNS
2 Rank5 2 Ranké . Ranks . Ranké

24 24 2 2

‘S ‘a E=S B 21

LTI | #abchobele =) ol o ¢, bt
FrRosveoroon o b r o swa~ o L] S N e e o T - TansioResarnnroate
2 Rank7 2 Rank8 . Rank7 2 Rank$

8, a4 a 2

a 4 244 214

e a\la cer||uT . TTQAAc T et b U 4

b R Emew e ~wT L=} Ao~ o =] D—f{ﬁé%if;ﬁ—é’:’eézee —T:?gﬁﬁfmmg'zzﬂggﬂga
. Rank9 . Rank10 . Rank9 2 Rank10

a A C c o T | A A o C
U,QT -rA AcC o= ae o R1E31 | )y I T D_T-Egé.,AAI T~8asg

- M~ om 'D_ —- =+ 0w kD

15



Supporting Figure 13:S. pombeCell Cycle FKH2 (conserved genes)

The FKH2 dataset contains 54392 bases in 40 sequences (average: 1359.80 bp).

FKH2’'s binding motif as found by Harbis@t al.is shown below:

FKH2

2
| TAAACA
D:%:?:*‘e‘*?*? i e é'_w_

)

bits

The above motif is found by SOMBRERO (rank 2) and AlignACE (rankS8condary motifs
found in the data include an SWI4/6-like motif (BioProspector), a “GAC@Gif (Consensus &

BioProspector) and a “AGGGT” motif (BioProspector & AlignACE).
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Supporting Figure 14:S. cerevisiae€Cell Cycle ACE2 (conserved genes)

The ACE2 dataset contains 1583 bases in 3 sequences (average: 527.67 bp).

ACE2’s binding motif as found by Harbise al.is shown below:

None of the motif-finders recover motifs similar to the above. Consensiksqyaecovers a
SWI4/6-like motif.

S. cerevisia€C Cons ACE2 SOMBRERO top 10 motifs S. cerewsiaeCC Cons ACE2 Consensugop 10 motifs

17



Supporting Figure 15:S. pombeCell Cycle ACE2 (conserved genes)

The ACE2 dataset contains 8810 bases in 7 sequences (average: 1258.57 bp).

ACE2’s binding motif as found by Harbisa al.is shown below:

All motif-finders recover a partial match to the above motif (matifstaining the “TGGT”
pattern); SOMBRERO (ranks 1-3), Consensus (ranks 1-5 & 7), BioProsfreatks 1-4, 7-10),
and AlignACE (rank 9).

S. ponbe CC Cons ACE2 SOMBRE RO top 10 motifs S. pombeCC Cons ACE2 BioProspedor top 10 mdifs
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Supporting Figure 16:S. cerevisiae€Cell Cycle SWI5 (conserved genes)

The SWI5 dataset contains 2539 bases in 4 sequences (average: 634.75 bp).

SWI5’s binding motif as found by Harbisen al.is shown below:

SOMBRERO (rank 6) and Consensus (rank 4) both find weakly similar notiie tabove (i.e.
“GCTG"-containing motifs). Note that this dataset has limited secpidata.

S. cerevisia€€C Cons SW5 Consensustop 10 motifs
S. ceevidae CC Cons SWE SOMBRERO top 10 motifs
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Supporting Figure 17:S. pombeCell Cycle SWI5 (conserved genes)

The SWIS5 dataset contains 4844 bases in 4 sequences (average: 1211.00 bp).

SWI5’s binding motif as found by Harbisen al.is shown below:

SOMBRERO (rank 7) and Consensus (ranks 1-3 & 6-10) recover partial mat¢hesabove
motif (motifs containing the “GCTG” core). SOMBRERO also recoverKld-kke motif.

S. pombeCC Cons SWI5 SOMBRERO top 10 motifs

S. panbe CC Cons SWI5 Consensus tq 10 motifs
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Supporting Figure 18. Budding yeastomplexes
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Supporting Figure 18.Enrichment for conserved genes in budding yeast complexes. We present
complexes containing genes in the CCC3 set, using data from Kebghfil8]. The cycling

subunits are highlighted in purple. Some of these complexes are known to regpéatant

events in the cell cycle. For example, the origin recognition complex (GRO)ell conserved
complex involved in the initiation of DNA synthesis [62]. Another exampledscbhesin

complex, which is responsible for binding the sister chromatids durimgisafter S phase [32].

See supporting complex tables for details and enrichment analysis.
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Supporting Figure 19. Comparison of CCC2 with Pengt al

Enrichment of the Cell Cycle Category
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Supporting Figure 19: 136 budding yeast genes were reported to have cycling homologs in
fission yeast by Pengt al.[6]. Unlike the analysis in our paper which relied on additional specie
and used a probabilistic algorithm for assigning cycling scores and detagrooriserved cycling
genes, Pengt al compared only budding and fission yeast and used a deterministic assignment
method . We thus compared the CCC2 list with this list by Beaf There are 63 genes that are
present in both lists, 77 genes unique to CCC2, and 73 genes unique to the tigteihdPdthe

latter two are denoted by “Set C” and “Set P” henceforflop: To compare the genes unique to
both lists we first performed GO analysis of these two sets. To adoouhe influence of

homology information in the GO database, we removed from GO annotations ififemed
sequence or structural similarity. We find that our set, Set C, haskammgher enrichment of

cell cycle genes (pvalue=8*10”-7 for Set C, pvalue=9*10"-3 for S&d@jom: We have also
computed the percentage of essential genes in the two sets (Sirttil@rainalysis in Figure 4).
Again, Set C has a much higher percentage of essential genes (29.8%) thal2SEop (
Combined we believe that tHigghlights the advantages of the probabilistic method used in

our paper.
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