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The Mediterranean Intensive Oxidant Study, performed in the summer of 2001, 
uncovered air pollution layers from the surface to an altitude of 15 kilometers. 
In the boundary layer, air pollution standards are exceeded throughout the 
region, caused by West and East European pollution from the north. Aerosol 
particles also reduce solar radiation penetration to the surface, which can 
suppress precipitation. In the middle troposphere, Asian and to a lesser extent 
North American pollution is transported from the west. Additional Asian pol- 
lution from the east, transported from the monsoon in the upper troposphere, 
crosses the Mediterranean tropopause, which pollutes the lower stratosphere 
at middle latitudes. 

middle troposphere at about 4 to 8 km, and 
the upper troposphere at about 8 to 12 km. 

Lower and upper tropospheric pollu- 
tion. Concentrations of important trace gas- 
es and aerosols (Fig. 2) are typically factors 
of 2 to 10 higher over the Mediterranean than 
in the hemispheric background troposphere; 
for example, over the North Pacific Ocean in 
summer (Table 1). We used the North Pacific 
for comparison because it is expected to be 
the least polluted environment at low north- 
ern latitudes. Throughout the Mediterranean 
troposphere, formaldehyde (HCHO) mixing 
ratios are remarkably high. Acetone 
(CH3COCH3) and methanol (CH3OH) mix- 
ing ratios are also high, indicating large in 
situ production of peroxy radicals. In combi- 
nation with relatively high nitric oxide (NO) 
mixing ratios in the upper troposphere, typi- 
cally 0.1 to 0.2 parts per billion by volume 
(ppbv), net photochemical 03 production is 
about 2 ppbv/day. In addition, 03 transport 
from the stratosphere can take place by cut- 
off lows and tropopause foldings from about 

The summertime Mediterranean basin is di- 
rectly under the descending branch of the 
Hadley circulation, driven by deep convec- 
tion in the Inter-Tropical Convergence Zone. 
Subsidence over the Mediterranean causes 
drought, affecting ecosystems, agriculture, 
and drinking water supplies (1, 2). Owing to 
cloud-free conditions and high solar radiation 
intensity, the region is particularly sensitive 
to air pollution (3, 4). Atmospheric chemistry 
transport model simulations suggest that 
summertime ozone (03) is enhanced in the 
entire Mediterranean troposphere, contribut- 
ing substantially to the radiative forcing of 
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climate (5-7). Furthermore, several studies 
indicate that aerosol radiative forcing is 
among the highest in the world over the 
summertime Mediterranean (8-10). This pro- 
vided the rationale to conduct the Mediterra- 
nean Intensive Oxidant Study (MINOS) in 
August 2001 and investigate anthropogenic 
contributions to these environmental stresses. 
The coastal measurement station Finokalia in 
the north of Crete (35?N, 25?E, 70 km east of 
Heraklion) was used to measure gases, aero- 
sols, radiation, and meteorological parame- 
ters. Two aircraft, a German Falcon twinjet 
(14 flights) and an Israeli King Air (7 flights), 
were operated from Heraklion airport to per- 
form measurements across the Mediterranean 
up to an altitude of about 13 km (11). 

Air mass trajectories. In summer, a 
strong east-west surface pressure difference 
(>20 hPa) is generated between the Azorean 
high and Asian monsoon low-pressure re- 
gimes. These quasi-permanent weather sys- 
tems cause northerly flow in the lower tropo- 
sphere over the Mediterranean, feeding into 
the trade winds further south. The flow is 
strongest and most persistent in August. In 
the free troposphere, on the other hand, west- 
erly wind prevails. In the upper troposphere 
over the eastern Mediterranean, the flow is 
additionally influenced by the extended anti- 
cyclone centered over the Tibetan Plateau. 
Mean air mass trajectories during MINOS 
were derived from meteorological data of the 
European Centre for Medium-range Weather 
Forecasts (ECMWF) (Fig. 1). The trajecto- 
ries, which extend over about 3 days, charac- 
terize the boundary layer and the lower free 
troposphere up to about 4 km altitude, the 
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Fig. 1. Schematic air mass trajectories during 
the MINOS campaign, representing transport 
during approximately 3 days in the lower, mid- 
dle, and upper troposphere (from top to bot- 
tom, respectively). BL, boundary layer; MT, mid- 
dle troposphere; UT, upper troposphere. 
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40?N over the Atlantic Ocean and Europe, 
moving east with the mean flow and pene- 
trating downward through a weak potential 
temperature gradient. In the boundary layer, 
on the other hand, where NO is only about 20 

parts per trillion by volume, 03 is destroyed 
(-2 ppbv/day). Chemistry transport model 
simulations (6, 12, 13) suggest that in the free 

troposphere, on average, 20 to 40% of the 03 
originates from the stratosphere. The rest is 

photochemically produced within the tropo- 
sphere; about half of it is anthropogenic. In 

the boundary layer, about 90% of the 03 is 
formed in situ, with an anthropogenic frac- 
tion of about 75%. 

Carbon monoxide pollution sources. 
To further analyze the origin of pollutant 
gases, we focused on carbon monoxide (CO), 
for which we obtained good agreement be- 
tween the measurements and a chemistry 
transport model (within -10%) (13). The 
results of the model have been extensively 
tested, because it was also used for "chemical 
weather forecasting" during the project. The 

model diagnoses CO from anthropogenic 
sources in different parts of Europe, North 
America, and Asia. From the trajectories in 
Fig. 1, we may expect that in the lower 
troposphere, emissions from western and 
eastern Europe would dominate. We per- 
formed model simulations for August 2001 
over the western and eastern Mediterranean: 
over Sardinia (40?N, 8?E) and Crete (35?N, 
25?E), respectively (Fig. 3). Considering the 
negligible influence of local pollution sourc- 
es, the high CO levels, in excess of 150 ppbv, 
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Fig. 2. (Left) Median vertical profiles (thick black lines), lr standard 
deviations (thin black lines), and actual concentrations from canis- 
ter samples (squares) obtained from 14 measurement flights in 
August 2001. The red dashed lines and squares present median and 
actual values, respectively, for the first three flights on 1, 3, and 8 
August. During this week, the pollution from eastern Europe (lower 
4 km), western Europe (4 to 6 km) and the southern Asian monsoon 
(>8 km) was particularly strong. ppmv, parts per million by volume. 
Fig. 3. (Right) CO tracer simulations, representing the western and 
eastern Mediterranean (left and right columns, respectively) during 
August 2001. The top panels show total CO; the other panels show 
fractional contributions from emissions in eastern Europe (>15?E), 
western Europe (<15?E), North America, and Asia. 
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are striking. In comparison, boundary-layer 
CO over the North Pacific in summer is 
typically about 60 to 70 ppbv, and over the 
relatively clean South Pacific this is only 
about 40 to 50 ppbv (14, 15), which is much 
lower than over the Mediterranean. The mod- 
el results indicate that regions surrounding 
the Mediterranean such as southern Italy, 
Greece, Yugoslavia, the Middle East, and 
North Africa contribute relatively little to the 
CO pollution, typically about 20%. 

The strongest influences over the western 
Mediterranean are from western Europe, no- 
tably France, Germany, and northern Italy. 
The eastern Mediterranean, on the other 
hand, is polluted by emissions from eastern 
Europe, in particular Poland, the Ukraine, 
and Russia. This pollution flow, east of the 
Carpathian Mountains, is channeled over the 
Black Sea, the Sea of Marmora, and the 
Aegean Sea. Consequently, long-range CO 
transport from both western and eastern Eu- 
rope, mostly from fossil fuel use, contributes 
60 to 80% of the boundary-layer CO over the 
Mediterranean. This range reflects the tem- 
poral CO changes associated with meteoro- 
logical variability. The model results in Fig. 3 
thus corroborate our aircraft measurements, 
showing that the entire Mediterranean lower 
troposphere is polluted, although the source 
regions differ markedly from west to east. 

In the free troposphere where westerly 
winds prevail, the situation is quite different 
from the boundary layer. Middle tropospheric 
CO levels are about 75 to 80 ppbv, slightly 
higher than over the North Pacific in summer, 
where CO is typically 70 to 75 ppbv; whereas 
over the much cleaner South Pacific, the level 
is only about 50 ppbv (16, 17). The model 
tracer analysis shows that the largest contri- 
bution over the Mediterranean is from Asia 
(40 to 50%), in an extensive subtropical CO 
plume that combines with North American 
emissions (30 to 40%) before it crosses the 
Atlantic Ocean. In the middle troposphere, 

Table 1. Estimated enhancement factors for 
Mediterranean summer conditions compared 
to the Pacific background troposphere. Factors 
were obtained by dividing the MINOS median 
values by the range of values obtained from the 
literature for the central northern Pacific tro- 
posphere (14-17, 49-52). CN, condensation 
nuclei; FT, free troposphere; NOx, NO + NO2. 

Enhancement factor 
Species 

CO 
03 
NO0 
PAN 
CH3COCH3 
CH3OH 
HCHO 
CN 

BL 

2-2.5 
2.5-3 
2-4 

20-100 
5-6 
3-4 
4-5 
5-10 
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the CO lifetime is about 1 to 2 months, which 
is comparable to the time in which an air 
mass circumnavigates the globe. Because CO 
at these altitudes is thus determined by very 
long range transport, its variability is relative- 
ly low (Figs. 2 and 3). The contributions by 
pollution from western and eastern Europe to 
middle tropospheric CO are only about 10%, 
except during the first week of August when 
these contributions were larger, up to about 
25%. During this week, the lower 4 km of the 
troposphere was strongly affected by eastern 
European emissions, whereas at about 4 to 6 
km we observed enhanced gaseous and par- 
ticulate pollution from western Europe. 
These air masses carried large amounts of 
methanol and acetone, 2 to 3.5 ppbv (Fig. 2). 
The plume from western Europe at 4 to 6 km 
also contained much NOy (all oxidized nitro- 

gen excluding N20), associated with a strong 
03 increase. 

An Asian plume near the tropopause. 
In the upper troposphere, we distinguished 
another pollution layer with CO mixing ratios 
up to about 100 ppbv. Trajectory analysis and 
our model results suggest an important influ- 
ence by Asian pollution from the east. 
Strongly enhanced pollution levels were ob- 
served, including relatively short-lived com- 
pounds (Fig. 2), especially along flight tracks 
over the eastern Mediterranean in early Au- 
gust. The Asian pollution contained relatively 
less nitrogen oxides and more acetylene 
(C2H2), peroxyacetyl nitrate (PAN), methyl 
cyanide (CH3CN), and methyl chloride 
(CH3Cl), indicating an important contribu- 
tion from biomass burning, probably biofuel 
use, consistent with measurements made di- 
rectly in the Asian outflow (18). Methane 
(CH4) was also enhanced, possibly from rice 
cultivation. The measurements and model 
results furthermore suggest that the Asian 
pollution can also penetrate the lower 
stratosphere. 

The remarkably strong influence of Asian 
pollution at the eastern Mediterranean tropo- 
pause is associated with Asian monsoon con- 
vection and the extended high-pressure 
trough in the upper troposphere. Anticyclonic 
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flow transports the pollution over Africa and 
subsequently northward, following the upper 
troposphere trajectories shown in Fig. 1. Isen- 
tropic transport across the subtropical tropo- 
pause can enhance CO in the middle latitude 
lower stratosphere in summer (19). Theoret- 
ical studies have predicted an important role 
for the Asian monsoon in troposphere- 
stratosphere transport, in particular at the 
west side of the upper troposphere anticy- 
clone (20, 21). In summer, the tropopause 
over the Mediterranean slopes strongly 
downward toward the north, typically from 
an altitude of about 15 km over northern 
Africa to 11 km within about 5? latitude, 
associated with a relatively weak subtropical 
jet stream, high potential temperatures in the 
upper troposphere, and a weak cross-tropo- 
pause transport barrier. Back and forward 
trajectories from the upper troposphere re- 
gion where we observed the high pollution 
levels, combined with ECMWF potential 
vorticity analysis, showed that there is an 
important link between the Asian monsoon, 
transport over the eastern Mediterranean, and 
pollution of the lower stratosphere at higher 
latitudes. This adds to stratospheric pollution 
by, for example, aircraft exhausts, which in- 
creases 03 formation. Methyl chloride and 
other short-lived halocarbons in the Asian 
plume, however, have the opposite effect, 
because activation of chlorine and bromine 
radicals leads to 03 destruction. 

Ozone air quality. Deleterious effects of 
the observed pollution may be considerable. 
At the surface, mean 03 mixing ratios are 
about 60 to 65 ppbv, reducing air quality. The 
stability of the Mediterranean troposphere, 
because of subsidence, suppresses entrain- 
ment from the free troposphere, another indi- 
cation that the observed high 03 in the 
boundary layer is formed in European air that 
is subsequently transported toward the Med- 
iterranean. The pollution in reservoir layers 
between 1 and 4 km altitude also originates 
from Europe. These layers are formed at the 
northern Mediterranean coast, as residuals 
between the continental and marine boundary 
layer, and enhanced by land-sea breeze cir- 

Fig. 4. Speciated mean aerosol 
0.1% mass in the fine (diameter <2 

6%/ 1% vlm) and coarse (diameter >2 
Lm) particulate fraction during 

the MINOS campaign. The total 
fine aerosol mass is 16.6 vLg/m3; 
the coarse aerosol mass is 24.2 
I g/m3. Other ions include K+ 

33% Mg2+, Ca2+, and CO32-. Sea salt 
includes about one-third nitrate. 

W^^ ~BC, black carbon; NIS, nonidenti- 
fied species (such as fly ash). 

@ POM 1 sea salt + NO3 
* BC a other ions 

S S04- dust 
I NH4 El NIS 

25 OCTOBER 2002 VOL 298 SCIENCE www.sciencemag.org 796 



culations and orographic flows (22). The 
measurements show that the variability of 
surface 03 is relatively low (between 60 and 
70 ppbv during the day, lo standard devia- 
tion - 10 ppbv). The diurnal 03 variation is 
small, only about 10%, with a minimum in 
the morning (-7 a.m.) and a maximum in the 
afternoon (1 to 3 p.m.). The regional back- 
ground measurement station Finokalia, as 
well as a station in Malta (36?N, 14?E), being 
predominantly under the influence of eastern 
and western European pollution sources, re- 
spectively, show very similar diurnal and sea- 
sonal 03 cycles (4, 23, 24). This implies that 
in background air, the European 8-hourly air 
pollution standard of 55 ppbv is substantially 
exceeded throughout the Mediterranean re- 
gion in summer. Ozone formation from local 
precursor emissions in urban and industrial 
areas along the Mediterranean coast adds to 
these already high background levels, so that 
strong air quality violations can occur in 
these areas (25). 

Pollutant aerosol haze. At Finokalia, 
aerosols were measured nearly continuously, 
together with spectral optical depth and aero- 
sol extinction, to determine the aerosol radi- 
ative forcing of climate (11, 26, 27). The 
resulting mean aerosol composition is shown 
(Fig. 4) for the fine and coarse particulate 
fractions, with a divide at particles of 2-rLm 
diameter. Although southerly wind is uncom- 
mon in summer, Saharan dust outbreaks can 
still influence the Mediterranean through an- 
ticyclonic flow from western Africa, reaching 
the area from the west in the lower free 
troposphere. Although such events only oc- 
cur occasionally, they can significantly affect 
the mean coarse aerosol fraction (28-31). The 
coarse particles also carry substantial 
amounts of inorganic ions, in particular am- 
monium bisulfate and nitrate, the latter asso- 
ciated with sea salt. The fine aerosol fraction 
contains most ammonium bisulfate, on aver- 
age about 8 pg/m3. Previous studies have 
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shown that only a small part, about 5 to 25%, 
of the sulfate originates from natural sources; 
i.e., from dimethyl sulfide emissions by the 
ocean (27, 28). Ammonium is also largely 
anthropogenic (27), and it strongly correlates 
with sulfate (r2 - 0.8). The contribution of 
black carbon is about 6%, and it does not 
have natural sources at all. This 6% may not 
seem large; however, it does have an impor- 
tant influence on the aerosol radiative forcing 
(32). Particulate organic matter (POM) is 
mostly found in the fine aerosol fraction, 
typically contributing about 5 gg/m3. Only a 
small part of the POM, up to about 0.2 fg/ 
m3, appears to be related to biogenic emis- 
sions (formate, acetate, and >C9 com- 
pounds), so POM is also largely anthropo- 
genic. Hence about 80 to 90% of the fine 
aerosol fraction, which is optically most ac- 
tive, originates from nonnatural sources. The 
coarse fraction, on the other hand, is probably 
about 60 to 80% natural. 

Radiative forcing of climate. The radi- 
ation measurements at Finokalia show a 
mean aerosol optical depth at 500 nm 
(AOD500) of 0.21 during clear sky condi- 
tions, which is slightly lower than Aerosol 
Robotic Network (AERONET) measure- 
ments at coastal locations and in agreement 
with previous measurements in the region (9, 
10, 33). The mean aerosol single-scatter al- 
bedo was 0.87. By taking the difference be- 
tween the average conditions and conditions 
during one relatively clean day (AOD50o of 
0.06), we calculated the aerosol radiative 
forcing using the method of Ramanathan et 
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Fig. 5. Diurnal, mean, clear-sky radiative forcing 
(AQ) over the Mediterranean in summer at the 
top of the atmosphere and at the ocean sur- 
face, calculated from aerosol, GHG, and radia- 
tion measurements. The GHG effect represents 
the long-wave forcing (by infrared radiation 
absorption), whereas aerosols affect the radia- 
tion budget through solar radiation extinction. 
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Fig. 6. (Top) Estimated European SO2 emis- 
sions (46, 53, 54). (Bottom) Five-year running 
mean of annual Mediterranean SST anomalies 
(42). Mtons, megatons; ASST, change in sea 
surface temperature. 

al. (32). We compared the results with green- 
house gas (GHG) forcing calculations, based 
on trace gas profiles during MINOS and 
model-calculated profiles, by assuming natu- 
ral emissions only (Fig. 5). We emphasize 
that the results of the GHG forcing calcula- 
tions have global significance, whereas the 
aerosol forcing is regional (and seasonal), 
associated with the much shorter aerosol life- 
time. A remarkable result is the large diurnal 
mean surface forcing, about 18 W m-2, being 
a factor of 2.7 larger than the top-of-the- 
atmosphere (TOA) forcing (34, 35). The dif- 
ference is caused by solar radiation absorp- 
tion by black carbon, water vapor, and pos- 
sibly also by dust, fly ash, and organic car- 
bon, thus causing an atmospheric forcing of 
more than 11 W m-2. Because much of this 
atmospheric forcing is exerted in the lower 4 
km, it is likely that the warming tendency is 
exported to northern Africa with the mean 
flow. The large reduction in surface solar 
radiation by aerosols is similar to that ob- 
served over the northern Indian Ocean in the 
Asian pollution outflow (32). 

Perturbation of the hydrological cycle. 
The large seasonal variation in Mediterranean 
sea surface temperature (SST) of about 11 ?C, in 
response to solar heating (2), suggests consid- 
erable sensitivity to the aerosol surface forcing. 
Longterm SST variability, on the other hand, is 
related to the Mediterranean Oscillation, mod- 
ulated by the North Atlantic Oscillation (1, 2, 
36). SST variability was relatively regular dur- 
ing the first several decades after 1930. In the 
1970s, however, substantial cooling took 
place, followed by an extensive warming pe- 
riod. The temperature tendencies during the 
past three decades correlate with European 
sulfur dioxide (SO2), with highest emissions 
(and thus sulfate) coincident with lowest 
SSTs in the late 1970s (Fig. 6). A recent 
analysis of the surface energy budget and 
satellite measurements confirms that the solar 
energy input into the Mediterranean Sea has 
been reduced by about 25 W m-2, suggesting 
a large effect on the thermohaline circulation 
(37). Another likely consequence of the aero- 
sol surface cooling is a reduction of evapo- 
ration and precipitation. Maracchi et al. (38) 
derived a direct relationship between the SST 
and precipitation events in Italy, concluding 
that a 1.8?C change causes precipitation 
anomalies of 40 to 65%. 

To evaluate possible effects on the hydro- 
logical cycle, we forced a climate model with 
maximum and minimum monthly mean ob- 
served Mediterranean SSTs (39-42). The re- 
sults of these sensitivity simulations, which 
likely yield an upper limit of the aerosol 
surface cooling effect during the past de- 
cades, indicate large precipitation reductions 
of 10 to 50% in the Mediterranean region, the 
Middle East, and the eastern Sahel (Fig. 7). 
The model-calculated changes largely result 
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Fig. 7. Mean results 
from 10-year model 
simulations (39). (Left) 
Total annual average 
precipitation in the Med- 
iterranean and nearby 
regions. (Right) Percent- 
age changes in annual 
precipitation as bound- 
ary conditions in the 
model using observed 
low and high Mediterra- 
nean SSTs. 
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from convective precipitation decreases. 

Consistently, Nicholson et al. (43) report 
strong rainfall reductions in the eastern Sahel, 
in particular in the 1970s and 1980s, coinci- 
dent with the maximum sulfate forcing. 
Droughts in the western Sahel, on the other 

hand, are probably related to changes in the 
western African monsoon intensity, driven by 
the tropical Atlantic SST (44). Anomalous 

dryness was especially severe in summer, 
with a maximum in August, which normally 
brings most precipitation. In the eastern Sa- 

hel, rainfall conditions improved again dur- 

ing the 1990s (43), together with decreasing 
European SO2 emissions and consistent with 
a negative sulfate aerosol trend (27-31) and 
with reduced sulfate deposition in Hungary, 
Italy, southern France, and Spain since 1980 

(45, 46). Although the aerosol forcing is 

largest in summer, the delayed ocean re- 

sponse conveys the effect into the autumn 
and winter, when precipitation is strongest 
directly around the Mediterranean. Our mod- 
el calculations do not account for rain sup- 
pression by aerosols, which may play a role 
as well (47, 48). It should furthermore be 
mentioned that the increasing SSTs since 
1980 are probably not only a consequence of 
the reduced sulfate forcing but also of a 

growing global warming influence. These re- 
sults underscore the importance of account- 

ing for both aerosol and GHG trends in tran- 
sient climate simulations. 

Air quality and climate. We conclude 
that European pollution of the Mediterranean 
lower troposphere strongly reduces air qual- 
ity, particularly during summer. Our model 

study suggests that it also substantially af- 
fects climate and the hydrological cycle. In 
the free troposphere, pollution is largely de- 
termined by intercontinental transport, 
whereas upper tropospheric pollution from 
Asia can reach the stratosphere. These "cross- 
roads" carry large pollution loads over the 

Mediterranean, and the negative effects ex- 
tend far beyond the region. International 

efforts are called for to reduce these atmo- 

spheric environmental stresses and to further 

investigate the links between Mediterranean 
and global climate change. 
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We have determined how most of the transcriptional regulators encoded in the 
eukaryote Saccharomyces cerevisiae associate with genes across the genome in 
living cells. Just as maps of metabolic networks describe the potential pathways 
that may be used by a cell to accomplish metabolic processes, this network of 
regulator-gene interactions describes potential pathways yeast cells can use to 
regulate global gene expression programs. We use this information to identify 
network motifs, the simplest units of network architecture, and demonstrate 
that an automated process can use motifs to assemble a transcriptional reg- 
ulatory network structure. Our results reveal that eukaryotic cellular functions 
are highly connected through networks of transcriptional regulators that reg- 
ulate other transcriptional regulators. 
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Genome sequences specify the gene expression 
programs that produce living cells, but how 
cells control global gene expression programs is 
far from understood. Each cell is the product of 
specific gene expression programs involving 
regulated transcription of thousands of genes. 
These transcriptional programs are modified as 
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cells progress through the cell cycle, in re- 
sponse to changes in environment, and during 
organismal development (1-5). 

Gene expression programs depend on rec- 
ognition of specific promoter sequences by 
transcriptional regulatory proteins (6-9). Be- 
cause these regulatory proteins recruit and reg- 
ulate chromatin-modifying complexes and 
components of the transcription apparatus, 
knowledge of the sites bound by all the tran- 
scriptional regulators encoded in a genome can 
provide the information necessary to nucleate 
models for transcriptional regulatory networks. 
With the availability of complete genome se- 
quences and development of a method for ge- 
nome-wide binding analysis (also known as 
genome-wide location analysis), investigators 
can identify the set of target genes bound in 
vivo by each of the transcriptional regulators 
that are encoded in a cell's genome. This 
approach has been used to identify the 
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genomic sites bound by nearly a dozen reg- 
ulators of transcription (10-13) and several 
regulators of DNA synthesis (14) in yeast. 

Experimental design. We used genome- 
wide location analysis to investigate how 
yeast transcriptional regulators bind to pro- 
moter sequences across the genome (Fig. 
1A). All 141 transcription factors listed in the 
Yeast Proteome Database (15) and reported 
to have DNA binding and transcriptional ac- 
tivity were selected for study. Yeast strains 
were constructed so that each of the transcrip- 
tion factors contained a myc epitope tag. To 
increase the likelihood that tagged factors 
were expressed at physiologic levels, we in- 
troduced epitope tag coding sequences into 
the genomic sequences encoding the COOH 
terminus of each regulator, as described in 
(16). We confirmed appropriate insertion of 
the tag and expression of the tagged protein 
by polymerase chain reaction and immuno- 
blot analysis. Introduction of an epitope tag 
might be expected to affect the function of 
some transcriptional regulators; for 17 of the 
141 factors, we were not able to obtain viable 
tagged cells, despite three attempts to tag each 
regulator. Not all the transcriptional regulators 
were expected to be expressed at detectable 
levels when yeast cells were grown in rich 
medium, but immunoblot analysis showed that 
106 of the 124 tagged regulator proteins could 
be detected under these conditions. 

We performed a genome-wide location 
analysis experiment (10) for each of the 106 
yeast strains that expressed epitope-tagged 
regulators (17, 18). Each tagged strain was 
grown in three independent cultures in rich 
medium (yeast extract, peptone, dextrose). 
Genome-wide location data were subjected to 
quality control filters and normalized, and the 
ratio of immunoprecipitated to control DNA 
was determined for each array spot. We cal- 
culated a confidence value (P value) for each 
spot from each array by using an error model 
(19). The data for each of the three samples in 
an experiment were combined by a weighted 
average method (19); each ratio was weight- 
ed by P value and then averaged. Final P 
values for these combined ratios were then 
calculated (17, 18). 

Given the properties of the biological sys- 
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