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Efficiency of yeast differentiation to the filamentous form
The efficiency and robusiness of differentiation to the filamentous form was tested using
adrain with afuson of the FLO11 promoter to the coding sequence of Green
Fluorescent Protein (GFP). The FLO11 geneisinduced during filamentous growth (Rupp
et al. 1999). Cdls collected after saverd hours on SLAD plates show filamentous
morphology (Supplemental Figure 1A) and induction of FLO11 expression
(Supplementa Figure 1B). Supplementa Figure 1C shows didtributions of GFP
fluorescence for yeast-form cdls and filamentous-form cellsincubated for 10 hours on
SLAD. The filamentous-form cdll population shows a single-peak distribution of
fluorescence in which dmogt dl cdls have more fluorescence than the average
fluorescence of yeast-form cdlls

For studiesof FLO11:: GFP expression, cells were prepared as described for
expression profiling (Methods). In addition, filaments of attached cdlls were dissociated
into Sngle cdls by shearing (Kron et a. 1994). Microscopy with methylene-blue saining
verified that the cells were separated, intact, and viable. Fluorescence microscopy was
done with a Zeiss Axiophot microscope with a 100X objective. Fluorescence images
were captured using RS Image software from Roper Scientific. Fluorescence distributions
in cell populations were measured by fluorescence-activated cdl sorting andysis, usng a

Becton Dickinson FACScdibur flow cytometer.

Assembly of global protein-protein and protein-metabolite inter action networks

A globa protein-protein interaction network was assembled from various published
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sources. Thisgloba network served as the source for protein-protein interactions in the
filamentation network. Y east protein-protein interactions were compiled from the Munich

Information Center for Protein Sequences database (hitp://mips.gsf.de) (Mewes et d.

2000), the Biomolecular Interaction Network Database (http://www.bind.ca) (Bader et a.

2003), aglobd two-hybrid screen (Ito et d. 2001), and a composite dataset (Schwikowski
et d. 2000). Sdf interactions were removed. Based on the work of Rivesand Galitski
(2003) and Steffen et d. (2002) the interactions of 15 high-connectivity proteins were
removed. Thefind globa protein-protein network has 5614 interactions and 3755
proteins.

From the yeast metabolic network compiled by Forster et a. (2003), interactions
between protein-enzymes and their metabolite substrates/products were extracted. The
metabolic interactions of the 27 highest-connectivity metabolic nodes (e.g., ATP) were
removed. The resulting metabolic network contains 2098 protein-metabolite interactions

among 779 metabolites and 561 protein-enzymes.

Non-random interaction among filamentation protens

Our assembly and andysis of an integrated network restricted to filamentation proteins
and the interaction paths among them (rather than a globd network; see Results) was
motivated by the desire to focus on a network that is available and active in filamentous
growth. The advantages of this approach presume a non-random tendency to interact
among the filamentation proteins. This presumption predicts that either randomized
interaction data, or random substitutes for the filamentation genes, will result ina

relaively sparse integrated restricted network that has fewer interactions and fewer
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incident edges per node (mean node degree) than the biologica filamentation network.
The first three data rows of Supplemental Table 2 confirm this prediction. One possible
interpretation of these datais that the phenotype-implicated proteins (identified by a
database query) have been foci of intensive research, therefore they share many validated
interactions. The analysis was repeated for a network that contains only the expression-
implicated proteins, the vast mgority of which have not been reported to be filamentation
proteins. The resulting data (Supplementa Table 2, last three rows) show essentidly the
same result, indicating thet it does not depend on the intensively studied phenotype-

implicated proteins.

Network clustering method

Theintegrated filamentation network was clustered using the method of Rives and

Galitski (2003) modified and extended as follows. Briefly, graph nodes are clustered
using average-linkage agglomeraive hierarchica clugtering in which the distance metric

is the Manhattan distance between the dl- pairs-shortest- paths (APSP) distance profiles of
nodes.

Typica gpplication of hierarchica clustering leaves the exact boundaries of
clusters to interpretation. We extended network clustering by computing explicit cluster
boundaries. A minimum size for a network cluster was set a 3 joined protein nodes.
Supplementa Figure 2A shows a plot of number of clusters as afunction of join number
(iteration of the hierarchica clugtering dgorithm). With successive joins, new clugters are
formed and nodes are added to existing clusters. Late in the clustering, most joins result

inthe fusion of exiging clusters. This phase corresponds to aragpid increase in the
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distance metric (Supplementa Figure 2B), indicating the joining of graph dements with
increasingly different APSP profiles. This suggests that joins preceding this termina

phase best reflect the clustered structure of the network. To specify cluster membership,
the highest join number with the highest number of clusters was identified. Thisjoin
occurs between the cluster formation phase and the terminal cluster-fusion phase. For the
filamentation network, this was the 535" join (arrows in Supplementa Figure 2),
specifying the membership of 47 clusters. For other integrated biomolecular networks,
smilar patterns of cluster number and distance were observed (unpublished data).

At each iteration of hierarchica clugtering, only clustersthat are adjacent in the
network are candidates for joining. In addition to decreasing run time, this congtraint
precludes joining nonadjacent molecules/clusters that have low Manhattan distances due
to network symmetries resulting in Smilar profiles of distances to other nodes. With
continued clugtering, these symmetricaly located € ements become adjacent and are
clustered at later joins with lower distances. Thisisillustrated by the non-monotonicity of
the distance plot in Supplemental Figure 2B. Each cluster was assigned the name of the
member node of highest intracluster degree (number of connections to cluster co-
members). Ties were broken using the following priorities from highest to lowest:
proteins with common names, metabolites, proteins with no common name, highest tota
degree, and random selection.

The methods were implemented in Java and incorporated as the Biomodules plug-

in to the Cytoscape open-source software platform (http://www.cytoscape.org) (Shannon

et d. 2003) for biomolecular network integration, visudization, and andyss. Biomodules

source code can be obtained at http://labs.sysemshiology.net/gditski . In addition, one
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can use Biomodules at http:/labs.systemshiology.net/gditski . Neither data upload nor

software download is required to use Biomodules. The only requirement isingalation of

JavaWeb Start or Java 1.4.1 or higher (Sun Microsystems, http://java.sun.com).

Analysis of expression-change co-ordination of cluster co-members

To test for sgnificant expression-change coordination among network- cluster co-member
genes, anull hypothess was evaluated. The null hypothes's states that the induced genes,
repressed genes, and genes not-dgnificantly-changed are randomly distributed among the
network clusters. For purposes of this anayss, the clusters of the filamentation network
contain 141 classes of genes (induced, repressed, and not-Sgnificantly-changed,
distributed in 47 clusters, 47 x 3 = 141). Each class has an observed and an expected
frequency. The expected frequencies are based on the null hypothesis of random
assortment of the induced, repressed, and not-ggnificantly-changed proteins among the
47 clugters. The 141 classes are congtrained by 48 sums, leaving 93 degrees of freedom.
One sum congtrains the total number of proteins, and 47 sums congtrain the number of
proteinsin the clugters. A likelihood-ratio test (Soka and Rohlf 1995) resultsin G=214,
with 93 degrees of freedom, p=10"**, and rejection of the null hypothesis.

Because the number of genes expected in each of the 141 classesis rather low,
there was the possibility of alow p-vaue due to sample bias. To further test the null
hypothes's, genes were randomly reassigned to the clugters, preserving the number of
clusters and number of gene members of each cluster. In 10000 independent tests,
G=113+14 (meantsd) and Gnax=165 were observed. Because the value of G observed for

the biological data (G=214) is sgnificantly higher than the digtribution observed in these
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random trias with the same network congraints, the rgjection of the null hypothesis was
confirmed.

Not dl clusters contribute equaly to the finding of expresson-change
coordination. Supplemental Table 4 provides cluster- specific information on non-random
expresson change. Thetable ligs, for each clugter, the total number of genes, the number
of genesinduced, repressed, and not-changed, as wdl as the contribution of each cluster
to the G datitic of the likdihood-ratio test. The overdl G isthe sum of the Gsfor the
various clugers. A higher G indicates greater discrepancy between the observed data and

the data expected based on the null hypothesis.

Analysis of cluster-annotation significance

To test for collective function among cluster co-members, over-represented gene
annotations, including sgnificance vaues, were assgned to dusters (Table 1 inthemain
text). It was possible that these results were due to multiple hypothesis testing, because
Table 1 reports the annotation of highest significance among many annotations that were
examined. Note, however, that these multiple hypotheses (annotations) are not
independent. Nonethdless, to cdibrate the results of Table 1, networks with randomized
gene assgnments were andyzed. Genes were randomly reassigned to clusters and the
numbers of genesin each cluster were preserved. For 30 independent randomizations, the
andysisin Table 1 was repeated, except that no p-vaue cutoff was gpplied. The highest
-lognop-vauesfor each cluster were binned in a hisogram. Supplementd Figure 3A
shows a p-vaue histogram representing the averages from the 30 randomizations.

Supplementa Figure 3B shows the p-vaue higogram representing the filamentation
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network. The results confirm the significance of duster collective functionsin the

filamentation network and alow estimation of false-discovery rates for varying p-vaues.

Per oxisome praliferation in filamentous-form cells
The emergence of the DAL 2 and POX1 modules led to ingghts on filamentous-form cell
biology. In yeast-form cdls growing with plentiful glucose and ammonium, cdlswith
detectable peroxisomes are scarce. Growth on oleic acid as a carbon source induces the
proliferation of peroxisomesin mog cels (Veenhuis et d. 1987). The filamentous-form
induction of metabolic pathways known to be housed in peroxisomes suggested that
peroxisomes proliferate in filamenting cells. To test this, cells were transformed with
plasmid pDsRed- PTS1, encoding a DsRed fluorescent protein with a peroxisomal-
locdlization Sgnd peptide. This results in fluorescent peroxisomes, if they are present.
Y east-form and filamentous-form cells were compared. Peroxisomes proliferate in
filamentous-form cells (Supplementd Figure 4). About 5% of yeast-form cells showed
some peroxisomd fluorescence. On SLAD plates with plentiful glucose and no added
fatty acids, the frequency of cdls showing punctate fluorescence increases to about 20%
at 10 hours and 50% at 3 days of incubation. It was possible that the observed fluorescent
foci were agglomerates of DsRed protein. This possibility was excluded by testing an
isogenic peroxisome-deficient pex3D mutant. In this mutant no DsRed foci were observed
(Supplementa Figure 4). Proliferation of peroxisomes aso was observed usng a
different fluorescent peroxisome reporter (data not shown), pPTS2-GFP.

Y eadt cdls transformed with plasmid pDsRed-PTSL or plasmid pPTS2-GFP

(kindly provided by J. Smith and J. Aitchison) (Smith et a. 2002) were grown for 10
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hours on either SLAD or SCD (plentiful glucose and ammonium) agar. Cdls were
washed off plates with the respective liquid medium and inspected for punctate
fluorescence using a Leica confoca microscope. At least 100 cells per strain and

condition were observed and scored.
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SUPPLEMENTAL FIGURE LEGENDS

Supplemental Figure 1. Efficient differentiation of yeest cell populations. Y east cells
with a fluorescent filamentation-expression reporter, FLO11:: GFP::kanMX6::FLO11+,
were grown for savera hours on SLAD plates, collected and imaged by (A) phase-
contrast microscopy and (B) fluorescence microscopy. (C) The distribution of
fluorescence (on alogarithmic axis) in FLO11:: GFP::kanMX6::FLO11+ cdls. Cdl

populations from yeast-form and filamentous-form growth conditions were andyzed.

Supplemental Figure 2. Quantitative identification of network clusters. The nodes of
the filamentation network were iteratively joined into clusters (seetext). (A) A cluster
was defined as ajoined group containing at least 3 protein nodes. The number of clusters
is plotted as afunction of join number. (B) The slection of nodes/clustersto join was
based on average-linkage Manhattan distance of node shortest- paths- distance profiles.
This distance metric is plotted as a function of join number. In both (A) and (B) the
arrow indicates the 535" join, correponding to the highest join number with the highest
number of clusters. Clugtering of the filamentation network was terminated &t thisjoin

iteration.

Supplemental Figure 3. Sgnificance didributions of cluster annotations. The highest
-lognop-vaues for each network cluster were binned in a histogram. (A) The significance
distribution of network clusters with random gene reassignments (means, n=30). (B) The

ggnificance digribution of filamentation-network clusters.
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Supplemental Figure 4. Peroxisome proliferation during filamentous growth. All strains
harbor a plasmid expressing a peroxisome-locdized fluorescent protein, DsRed-PTS1.
Locdization of DsSRed- PTS1 was analyzed by confocd fluorescence microscopy. (A)
Wild type and pex3D were grown on SLAD agar platesfor 10 hours. (B) Wild type was

grown on SCD agar for 10 hours.
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SUPPLEMENTAL FIGURE 1
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SUPPLEMENTAL FIGURE 2
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SUPPLEMENTAL FIGURE 4
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Supplemental Table 1. Filamentous-form/yeast-form expression ratios

See accompanying file, Prinz_SuppleTablel.txt

Supplemental Table 2. Non-random interaction among filamentation proteins

Networ k
Interaction data®  Protein list P Ig:egrtgcrt]isng Interactions® Mdesgrgé)ge
biologica f”al‘gz‘tgio” 380 534 28
biologicd random 1026 388+13 289114 15+0.1
random filamenttion 265+20 266:+41 2.0+0.3
1026
biologicd expression 873 269 396 2.9
biologicd random 873 20616 188+18 1.8+0.2
random expression 873 276+16 192+17 1.4+0.1

2 Interaction datainclude al protein-protein interactions plus al metabolic interactions

(proteinsinteracting viaametabolite). Each analyss used either biologica interaction

dataor 10 data sets in which interactions were reassgned randomly to pairs of proteins.
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b Each andysisincluded alist of either the 1026 filamentation proteins, or the 873
expression-implicated proteins, or 10 sets of random proteins.

¢ The number (meantsd) of proteinsin the list that has at least one interaction with

another proteinin theligt.

9 The number (meantsd) of direct interactions between pairs of proteinsin the list.

®Node degree is the number of incident edges of the node. Mean node degreeisthe ratio

of twice the number of interactions to the number of interacting proteins.

Supplemental Table 3. Components of filamentation-network clusters

Cluster components

ACP1

ACP1, NADHM, IDP1, ALD4, UbiquinolM, Ubiquinone-9M, MET13, IDH1, IDH2,

NADPHM, NADP+M, PUT1, ADH3, 2-OxoglutarateM, IsocitrateM, COX8, COX7,

SDH4, COX5A, AcetaldehydeM, PPAL, (S)-1-Pyrroline-5-carboxylateM, Malonyl-[acyl-

carrier protein]M, 5,10-MethylenetetrahydrofolateM, Dodecanoyl-[acyl-carrier
protein]M, Pamitoyl-[acyl-carrier protein]M, Decanoyl-[acyl-carrier protein]M, Oleoyl-
[ecyl-carrier protein]M, Stearoyl-[acyl-carrier protein]M, Myristoyl-[acyl-carrier
protein]M, EthanolM, L-ProlineM, Oxa osuccinateM, Hexadecanoyl-[acp]M,
Linolenoyl-[acyl-carrier protein]M, Acyl-carrier proteinM, Acyl-[acyl-carrier protein]M,

5-MethyltetrahydrofolateM, Tetradecenoyl-[acyl-carrier protein|M
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STE11

KSS1, STE11, DIG1, STE4, STE7, AKR1, STE12, DIG2, SPA2, STES0, HSC82, SPH1,

ST11, MPT5, PEA2, MRP5, WHI2, RASL, HOG1, YEL048C

CDC28

CDC28, CLB2, CLN2, SWI4, CLN3, YDJ1, CDC6, CAK1, HS.1, CLN1, SSB1, MUS8],

CLB1

POX1

POX1, Acetyl-CoA, OSM 1, GNA1, ERG13, DAL7, MLSI1, Maate, FUM1, CIT2,

FADM, (S)-3-Hydroxy-3-methylglutaryl-CoA, Glyoxylate, FADH2M, FumarateM,
HMG1, SuccinateM, Pamitate, Citrate, Myrigtic acid, D- Glucosamine 6-phosphate, N-

Acetyl- D-glucosamine 6-phosphate, Acetoacetyl-CoA, Stearate

ACT1

CDC42, ACT1, GLK1, BEM1, STE20, BUDG, BNI1, dpha-D-Mannose, BMH2, PGI1,

BOI2, beta- D-Glucose 6-phosphate, dpha-D-Glucose 6-phosphate, BEM4, CLA4, SLA2,

HXT1, SHO1, BMH1, FIG1, COF1, GIC1, RR1, GICZ, BOP3, HXT2, ATC1, D-

Mannose 6-phosphate, beta- D-Glucose, Y GL015C



Prinz Supplement

BNAG

BNAG, KAP95, RIB4, GSP1, MSN5, YAP1, PSE1, SM5, THI4, 5-Phospho-apha-D-

ribose 1-diphosphateM, Nicotinate D-ribonucleotideM, Pyridine-2,3-dicarboxylate, 5-
Amino-6-ribitylamino-2,4 (1H, 3H)-pyrimidinedione, Nicotinate D-ribonuclectide, 5-
Phospho-dpha- D-ribose 1-diphosphate, PyrophosphateM, CO2M, L-3,4-Dihydroxy-2-
butanone 4- phosphate, Pyridine-2,3-dicarboxylateM, 6,7-Dimethyl-8-(1-D-

ribityl)lumazine

PDE2

PDE2, CHO1, CMP, CPT1, PIS1, EPT1, Diacylglycerol, myo-Inositol,

CDPdiacylglyceral, 1-Phosphatidyl-D-myo-inostal, ITR1, IPT1, PLC1, 3,5-Cydic

dAMP, Phosphatidylcholine, L-Serine, 3',5-Cyclic AMP, CMPM, L-SerineM,
CDPethanolamine, 3,5-Cyclic IMP, CDPcholine, dAMP, CDPdiacylglyceralM, 3',5-
Cyclic GMP, 3',5-Cyclic CMP, GMP, PhosphatidylserineM, Phosphatidylserine, IMP,

Phospheatidylethanolamine

BAP2

BAP2, METG6, L-Methionine, MUP3, HNM1, L-MethionineX, Homocyseine, L-

Tryptophan, Y FRO55W, EFT1, BNA2, ChalineX, Tetrahydropteroyltri- L-glutamate,

Prephenate, L-I1soleucine, L-TyrosneX, L-1soleucineX, L-CysteineX, L-Cysteine, L-
Vdine, L-VdineX, 5-Methyltetrahydropteroyltri- L - glutamate, L-Cystathionine, L-

LeucineX, L-PhenyldanineX, L-Leucine, L-TryptophanX
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GRR1

GRR1, YLR128W, CDC53, DEGS5, YPR158W-B, YNL247W, Y PR158W

RPP1B

RPP1B, RPP1A, TRX2, RPPO, PBI2, PEX2, MGM101

YIP1

YIP1, YIF1, YOPL, YIP3, YIP4, YLR324W, GAS3

AAH1

AAH1, FCY 22, FCY 2, Adenine, Cytosine, GuanineX, AdenineX, Guanine, CytosineX,

YJLQO70C, BTN2, RPB7, Deoxyinosine, Deoxyadenosine, Hypoxanthine, Inosine

ADE5,7

ADES5,7, PIN3, UBI4, YBR101C, DDR48, EGT2, 2-(Formamido)-N1-(5-

phosphoribosyl)acetamidine, 5-Phosphoribosylamine, 5'-Phosphoribosylglycinamide,

Aminoimidazole ribotide

ACAL

Acetaldehyde, PDC5, PDC1, ADH1, ALDG, Pyruvate, BDPL, Ethanol, Y OR390W

BCY1

BCY1, TPK2, SFL1, TPK1, TPK3, YHRO83W

20
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ERG11

ERG11, Oxygen, URAL, ERG5, ERG3, ERGL, Ergosta-5,7,24(28)-trienol, Reduced

flavoprotein, Episterol, Squaene, (S)-Dihydroorotate, Ergosta-5,7,22,24(28)-tetraenol,
H202, (S)-2,3-Epoxysquaene, 4,4- Dimethylcholesta-8,14,24-trienol, Lanogteral,

Oxidized flavoprotein

ACS1

ACS], Acetyl-CoAM, CoAM, YAT], CIT1, SRB2, IMH1, AcetateM

SNF1

NF1, SNF4, SPT2, 3P4, YMR291W

DIP5

DIP5, ARGI, L-Aspartate, GLY1, ASP3-1, L-Asparagine, Glycine, L-GlutamateX, L-

AsparagineX, GlycineX, N-(L-Arginino)succinae, L-Citrulling, L-AspartateX, L-

Alaning, L-GlutamineX, L-SerineX, L-AlanineX, L-Threonine

ILV2
ILV2, ARGS, PyruvateM, Y LRO8IC, GlutamateM, CY B2, N-Acetyl-L-glutamate 5-
semiddehydeM, 2-Aceto- 2-hydroxy butyrateM, 2-AcetolactateM, N2- Acetyl-L -

ornithineM, 2-OxobutanoateM, L-AlanineM
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13PDG

3-Phospho-D-glyceroyl phosphate, TDH2, TDH3, TDH1, Y ML053C

NH3xt

NH3xt, MEP3, MEP2, MEP1, TIP1

HSL7

SWI1, HSL7, SWEL, MUD2

YBL101W-A

YBL10IW-A, YFLOO2W-A, YJ 162C, Y CLO20W

YDR261W-A

YDR261W-A, YDR261W-B, YCL019W, Y FL002W-B

YPR158W-A

YPR158W-A, YOR142W-A, YOL 103W-B, YER159C-A

DAL?2

DALZ2, DAL4, DAL, Allantoin, Allartoate, (-)-Ureidoglycolate, AllantoinX, Urea

22
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MET17
MET17, Acetate, CDA1, ACH1, Chitosan, O-Acetyl-L-homoserine, Hydrogen sulfide,

M ethanethiol

CHS1

CHS1, CHS2, ACO1, UDP, Chitin, UDP-N-acetyl-D-gdactosamine, CitrateM

ERG6
ERG6, S-Adenosyl-L-methionine, S-Adenosyl-L-homocysteine, SAH1, SAM1,

Fecosterol, Zymosterol

AAT2

AAT2, AROS, 3-(4-Hydroxyphenyl)pyruvate, L- Tyrosine, Oxaoacetate, PY C1

PMT2

PMT2, PMT1, PMT4, Dalichyl beta- D-mannosyl phosphate, Mannan, Dolichyl

phosphate

CAP

Carbamoyl phosphate, ARG3, CPA1, CPA2, L-Ornithine

GDPMAN

GDPmannose, CSG2, DPM1, KTR1, Inositol phosphorylceramide

23
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SPH

Sphinganine, SUR2, LCB3, Y SR3, Phytosphingosine

AGA2

AGAZ, AGAl, YGR257C

APP2

APP2, PEX21, RVS16/

FKH1

FKH1, RIM101, YDR279W

FTR1

FTR1, FET3, YILO56W

GTR1

GTR1, GTR?, YJ097W

HMLALPHAZ2

HMLALPHAZ, TUP1, HMRAL
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MGA1l

MGA1, TOS1, MRP4

PMA1

PMA1, PMP2, PMP1

RAD51

RADS1, APC2, HRR25

RPN12

RPN12, DON1, RPN4

SXM1

SXM1, RPL31B, RPL16B

TOM7

TOM70, TOM40, TOM7

For each cluster, molecular components are listed in order of intracluster degree, the
number of interactions with other members of the same cludter, from highest to lowest.
Protein components are al-capitdized and underlined; other components are metabolites.
Mitochondria pools of metabolites are indicated with atermind “M”. A termind “X” or

“xt” indicates extracellular pools of metabolites. Proteins encoded by genesimplicated by
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amutant filamentation-related phenotype are itdicized. Proteins encoded by genes whose

MRNA levels differ Sgnificarily between yeast-form cells and the filamentous form are
colored. Red indicates higher expression in the filamentous form relative to the yeast

form; blue indicates lower expresson in the filamentous form.

Supplemental Table4. Expression changewithin clusters

26

Genes

Cluster Total Induced Repressed Unchanged G
STE11 20 4 2 14 19.7
CDC28 13 2 2 9 11.9
BCY1 6 1 0 5 10.9
ERG11 5 0 5 0 94
POX1 9 7 2 0 8.1
YDR261W-A 4 4 0 0 7.9
ILV2 4 4 0 0 7.9
Y PR158W-A 4 4 0 0 7.9
YIP1 7 1 6 0 7.5
ACP1 13 7 6 0 7.3
RPN12 3 3 0 0 6.0
CAP 3 3 0 0 6.0
DAL2 3 3 0 0 6.0
AAT2 3 3 0 0 6.0
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SNF1 5 2 0 3 5.8
SPH 3 0 3 0 5.7
PMA1 3 0 3 0 5.7
GDPMAN 3 0 3 0 5.7
PMT2 3 0 3 0 5.7
BAP2 7 2 5 0 5.0
ACT1 25 7 7 11 4.8
ACS1 5 1 4 0 4.5
PDE2 8 1 6 1 4.4
HMLALPHAZ2 3 1 0 2 3.9
FKH1 3 0 1 2 3.8
YBL101IW-A 4 3 1 0 3.3
13PDG 4 1 3 0 3.1
MGA1l 3 0 2 1 2.8
AGA2 3 0 2 1 2.8
GTR1 3 0 2 1 2.8
ADES5,7 6 4 1 1 2.3
DIP5 4 2 2 0 2.2
TOM7 3 2 1 0 2.0
MET17 3 2 1 0 2.0
APP2 3 2 1 0 2.0
SXM1 3 2 1 0 2.0

FTR1 3 1 2 0 1.9
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ERG6 3 1 2 0 1.9
CHS1 3 1 2 0 1.9
HSL7 4 1 1 2 1.3
RPP1B 7 2 4 1 1.0
NH3xt 4 2 1 1 04
AAH1 6 2 3 1 0.3
ACAL 6 2 3 1 0.3
GRR1 7 2 3 2 0.2
RADS51 3 1 1 1 0.1
BNAG 9 3 4 2 0.1

SUM 259 96 101 62 214.3
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