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S| Materials and Methods

Capture, Housing, and Experimental Infection. Birds were captured at
the two sites using mist nets or wire mesh cages placed around
feeders. Following capture, birds were immediately transported by
plane from Arizona (n = 37) and by car within Alabama (n = 64)
and established in aviaries at Auburn University, Auburn, Ala-
bama. Birds were housed in cages as pairs for the duration of their
period in captivity. Cages were kept indoors in temperature-
controlled rooms with windows, and birds were fed sunflower
seed, brown and white millet, and water ad libitum, as well as
apple slices and crushed eggshells on a weekly basis. Grit was
provided to allow digestion of seeds. Birds from Alabama and
Arizona were kept in separate rooms for the first month to check
that birds were MG-free. Following quarantine, birds were mea-
sured and blood was sampled using brachial venipuncture (~60 pL.
of whole blood) and examined for exposure to Mycoplasma gal-
liseptum (MG) using serum plate agglutination assay (1) and
amplification of MG DNA from choanal and conjunctival swabs
(2). No birds used in any part of the experiment were found to
have been previously infected with MG. Twelve birds from the
Alabama population were removed from the experiment follow-
ing evidence of exposure to MG (8 were symptomatic at capture, 1
developed symptoms during quarantine, and 3 were seropositive
for MG antibodies), and 15 from Arizona and 32 from Alabama
were used in a different experiment, leaving 22 Arizona birds and
21 Alabama birds in this study.

Birds were kept either as controls or infected via ocular in-
oculation with 20 uL of culture containing 1 x 10* to 1 x 10° color-
changing units/mL of an early 2007 Auburn MG isolate (BUA
#243). Control birds were sham-infected using sterile SP4 medium
(3). Control and infected birds were maintained under identical
conditions, but in separate rooms of the aviary. After exposure,
birds were monitored daily for disease onset and progression of
symptoms. All experimentally infected birds tested positive for
MG DNA in their choanal cleft at 3 and 14 d postinfection, and all
were seropositive after 2 wk. All control birds remained negative
for MG DNA and for MG antibody agglutination throughout the
course of the experiment. Fourteen days postinfection, birds were
euthanized under license. The spleens and the eyes/conjunctivae
from all euthanized birds were immediately removed, stored in
RNAlater (Ambion), and placed at —80 °C.

Quantification of MG Using TagMan Quantitative RT-PCR Assays. We
randomly selected one eye with conjunctivae from each bird 14 d
after infection. We isolated total genomic DNA from both MG
and house finches using the Qiagen AllPrep DNA/RNA Mini Kit.
MG quantification was then performed as described (4) by
running quantitative RT-PCR (qRT-PCR) assays on the mgc2
gene. We also amplified the house finch ragl gene to control for
variation in amounts of starting material. Reactions were run on
an ABI Prism 7500 (Applied Biosystems). We made a standard
curve for both genes using 100, 50, 25, 10, 1, and 0.1 g/LL
of genomic DNA to estimate the relative amount of MG be-
tween individuals. Each reaction consisted of 25 pL. of TagMan
PCR Master Mix (2), No AmpErase UNG (Applied Bio-
systems), 0.45 puL each of 100 pM forward and reverse primers,
1.25 pL of 10 pM probe, 17.85 pL of DNase-free water, and SpL
of 10 g/L sample. Cycling parameters were 50 °C for 2 min, 95 °C
for 10 min, followed by 50 cycles for 95 °C for 15 s and 60 °C for
1 min. We used the automatic threshold settings for analysis of
our samples.
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Microarray Construction, Hybridization, and Analysis. Microarray
construction. We constructed a microarray using cDNA clones
from the subtraction suppression hybridization (SSH) libraries
constructed in Wang et al. (5) and enriched in cDNA differentially
expressed between MG-infected and control house finches 2 wk
postinfection. The microarray consisted of 1,000 unique ampli-
cons and included the 220 clones previously identified as signifi-
cantly differentially expressed between control and infected
house finches using a macroarray approach (5), as well as 694
randomly selected clones from the librairies, many of whose ex-
pression responses to infection are unknown (5). The clones were
collected from the SSH libraries with a toothpick and grown in
1.3 mL of LB + ampicillin at 37 °C overnight. We isolated the
plasmid DNA using a Plasmid and BAC extraction kit (AutoGen)
on an AutoGenprep 965. We amplified 5 pL of the eluted DNA in
10 pL buffer 10 (Lucigen), 0.8 pL dNTP (100 pM), 8 pL of each
primer M13/M13R (10 pM), 0.8 pL (4 U) EconoTaq DNA
polymerase (Lucigen), and 56.4 pL of sterile dH,O. The reaction
was run for 35 cycles consisting of a 90-s at 94 °C denaturating
step, a 45-s at 50 °C annealing step, and a 45-s at 72 °C extension
step. PCR products were purified using a QIAGEN MinElute 96
UF purification kit and run on a 2% agarose gel. Amplified inserts
were subsequently printed onto the array slides.

We also printed five house finch “housekeeping” genes to help
in normalization procedures (actin-related protein 2/3, ATP syn-
thetase, ATPase V1 subunit G1, basic transcription factor 3, and
calmodulin 2). These genes were generated by amplification of
cDNA extracted from house finch spleens (see below), using
degenerate primers designed from conserved sequences of hu-
mans, mice, chicken, and, when available, zebra finches. We
amplified 2 pL of cDNA in 2.5 pL buffer 10 (Lucigen), 2.5 pL
dNTP (100 pM), 1 pL of each primer (10 pM), 0.2 puL (2.5U)
EconoTaq DNA polymerase (Lucigen), and 15.8 pl of sterile
dH,O. The reaction was run for 35 cycles consisting of a 1-min at
94 °C denaturating step, a 2-min at 60 °C annealing step, and a 3-
min at 72 °C extension step. PCR products were run on a 2%
agarose gel and purified using a QIAGEN MinElute 96 UF pu-
rification kit. Each gene was amplified twice and although we kept
one reaction intact, we ligated and transformed the other into
One Shot TOP10 Chemically Competent Escherichia coli using
the TOPO cloning kit (Invitrogen). Colonies were picked and
added to 1.3 mL of LB medium with ampicillin to grow overnight
at 37 °C. We then isolated the plasmid DNA using a plasmid and
BAC extraction kit (AutoGen) on an AutoGenprep 965. We
amplified 2 pL of the extracted plasmids in 2.5 pL buffer 10
(Lucigen), 0.2 pL dNTP (100 uM), 2 pL of each primer M13/
M13R (10 pM), 0.2 pL (2.5 U) EconoTaq DNA polymerase
(Lucigen), and 14.1 pL of sterile dH,O. All PCR products were
purified using a QIAGEN MinElute 96 UF purification kit and
run on a 2% agarose gel. We verified the identity of the purified
PCR products by sequencing them on an ABI 377 DNA se-
quencer (see below). We printed both the PCR products and the
transformed PCR products of the five house finch housekeeping
genes onto the array slides. We quantified purified PCR products
on a Nanodrop spectrophotometer.

Additionally, we printed the PCR products from the DNA
amplification of 11 E. coli housekeeping genes (arcA, aroE, dnaE,
gapA, gnd, icdA, pgm, polB, putin, trpA, and trpB) to serve as ex-
ternal spike-ins (6). DNA was extracted from a few E. coli col-
onies obtained above using the QIAGEN DNeasy tissue, and
we amplified E. coli housekeeping genes as described (7, 8).
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PCR products were purified, sequenced, and quantified as de-
scribed above.

We printed the clones on poly-L-lysine—coated glass slides

using an OmniGrid 100 (GeneMachines, BST Scientific). All
clones were printed twice on each half grid, and each grid was
replicated twice on each microarray slide. After printing, the
slides were blocked by rehydration and UV crosslinking at 60 mJ
and dipped in blocking solution (6 g succinic anhydride, 335 mL
1-methyl-2-pyrrolidinone, 15 mL sodium borate). Denaturing
was subsequently performed by dipping the slides in MiliQ water
and then in 95% ethanol and spun dry by centrifugation for
2 min at 1,000 x g. The desiccated slides were stored at room
temperature in a closed container until further use.
Sample preparation and microarray hybridization. The slides were
hybridized with the samples collected from the experimental
infections. We extracted total RNA from ~17 mg of sonicated
spleen tissue using Qiagen RNeasy miniprep spin columns fol-
lowed by DNase digestion of genomic DNA according to the
manufacturers’ protocols. Gene expression changes were exam-
ined in the spleen because this tissue plays an important role in
the organization of both the innate and the acquired immune
responses in humans as well as in birds, in addition to its role of
filtering blood and removing old erythrocytes (9, 10). Indeed,
asplenic human infants are found to be extremely sensitive to
bacterial infections, and the lack of a spleen results in defective
Th cells, decreased antibody responses, and a lack of important
macrophages (11, 12). We determined the quantity of purified
total RNA using a Nanodrop spectrophotometer and deter-
mined RNA integrity on an Agilent 2100 Bioanalyzer. All RNA
extracts were stored at —80 °C until further processing.

We pooled two to five spleens from birds from the same pop-
ulation in the same treatment to generate enough mRNA for
microarray hybridizations. We had two pools of mRNA for each
treatment from each population. mRNA pools were labeled
using Cy5 dye and were then hybridized against a common ref-
erence, made by pooling an aliquot of all of the individual samples
and labeling with Cy3. We made a calibration curve of hybrid-
ization efficiency by diluting the E. coli external PCR products at
known concentrations. Each hybridization was performed on one
half-slide. Each pooled house finch RNA sample was prepared
for cDNA microarray hybridization by reverse-transcribing 15 pg
of total pooled RNA in 30.8-pL reaction volumes containing
1 pL of a mix of oligo(dT) (dT12-, 13-, 14-, 15-, 16-, 17-, and 18-
mer; final concentration: 5 pg/pL), 6 pL of 5 First Strand Buffer
(Invitrogen), 3 pL of 0.1 M DTT, 0.8 pL 50 aminoallyl-dUTP/
dNTP mix (20 mM dATP, 20 mM dCTP, 20 mM dGTP, 12 mM
dTTP, 8 mM aminoallyl-dUTP), 2.5 uL (500 U) of SuperScript I
Reverse Transcriptase (Invitrogen). Reactions were incubated at
42 °C for 3 h. cDNA samples were subsequently hydrolyzed
by adding 10 pL of 1 M NaOH and 10 pL of 0.5 M EDTA
and incubated at 65 °C for 15 min. Neutralization was performed
by addition of 25 uL 1 M Hepes (pH 7.5).

We prepared the external spike-ins by dividing the product from
each E. coli gene amplification into two. We incorporated the
aminoallyl dUTP by adding 24 pL of nuclease-free H,O to 1 pg of
each sample. We also added 20 pL of BioPrime 2.5 random
primer mix (Invitrogen) and boiled the reaction for 5 min before
incorporating 5 pL of 10 aminoallyl-dUTP/dNTP mix (4.8 mM
dATP, 4.8 mM dCTP, 4.8 mM dGTP, 1.6 mM dTTP, 3.2 mM
aminoallyl-dUTP) and 1 pL (40-50 U) of Klenow fragment to
each tube. We incubated the mixture at 37 °C for 2 h and stopped
the reaction with 5 pL 0.5 M EDTA. For each E. coli gene, the
labeled samples were serially diluted, and we added pools of the
more concentrated products to the common house finch refer-
ence (final concentrations: polB and dnaE at 182 pg/uL, rp4 and
putin at 91 pg/uL, pgm and arcA at 18.2 pg/uL, gnd and gapA at
3.64 pg/uL, trpB and icdA at 1.82 pg/pL), and a pool of diluted
products to each of the house finch-labeled cDNA samples (all
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samples added at a final concentration of 1.82 pg/pL) to obtain
final concentration ratios of 1:1, 1:2, 1:10, 1:50, and 1:100.

We purified the mixtures using microcon-30 filters. We added
1 pL of NaHCOs to 10 pL purified probe. We resuspended the
cyanine dyes (Cy3 and Cy5) with the probe and incubated the
mixture in the dark at room temperature for 2 h to allow cou-
pling of the cDNA to the N-hydroxy succinamide ester of the
dyes. All samples were labeled using Cy5 dye, and the common
reference was labeled with Cy3. The mixtures were then purified
using the QIAGEN QIAquick PCR purification kit. The eluted
Cy3- and CyS5-labeled probes were combined and added into
a microcon-30 filter and spun for 3 min at 10,000 X g; the filter
was then inverted and spun at 4,500 x g for 5 min. We prepared
the concentrated probes for hybridization by adding 3 pL of 20
SSC, 1.5 puL poly(A) (7 pg/pL), and 0.48 pL. 1 M Hepes (pH 7.0),
and we applied the mixture to prehumidified Millipore 0.45-pm
filters, spun them at 10,000 x g for 1 min, and stored the flow-
through at 4 °C until further use.

Immediately before hybridization, we added 0.45 pL 10% SDS
to the probe, heated it for 2 min at 100 °C, and allowed it to cool
down at room temperature for 10 min. The arrays were placed in
Corning microarray hybridization chambers and a clean Lifter-
slip (Eerie Scientific) was placed over each array. After injecting
the probes under the Lifterslips, we added 50 pL of SSC to the
hybridization chambers and placed them in a 62 °C water bath
for 12-16 h. Following hybridization, the slides were washed in
0.2 SSC with 2% SDS and then in 0.2 SSC. We spun the slides
dry by centrifuging them at 1,000 x g for 2 min and scanned using
an Axon 4000A microarray scanner (Axon Instruments).
Statistical analysis of microarray data. We used the software package
GenePix to yield log base-2 (log,) measurements for mean fluo-
rescence intensities for each dye channel in each spot on the array
and to flag low-quality spots. Normalization of the raw fluores-
cence intensities was performed in three steps using a Bio-
conductor package marray and limma (13) implemented in R
language (http://www.r-project.org). First, background adjust-
ment was performed using the normexp method. Second, spatial
and print-tip loess normalization (2D method) were performed to
remove spatial and dye biases for each slide. Third, we performed
a scale normalization to control for variation between slides.

The ratios generated by the external spike-ins were used for
quality control. To control for within-hybridization spatial varia-
tion, we compared the signal from the two replicated grids. To
control for between-slide differences, we compared the signals
from the E. coli external spike-ins, the house finch housekeeping
genes, and the common reference on the different slides. All
clones were printed twice on each array and were considered to
be differentially expressed only when both replicates displayed a
significant deviation from the mean of the standard.

To determine gene expression differences between samples,
normalized log, transformed signal ratios (sample vs. reference)
were fitted to a general linear model with two factors repre-
senting treatment (control and infected) and population of ori-
gin (MG-exposed Alabama and MG-unexposed Arizona) and
using the equation:

Yije = p+ Ai + Bj + AB;j + g,

where Y. is the log, measurement for a particular clone (c) from
a particular treatment (i) and a particular population of origin
(), p is the parametric mean, A and B correspond to the single-
factor effects (treatment and population of origin, respectively),
AB is the two-way interaction between the two main effects, and
e is the residual between the data and the model.

We identified clones that were significantly differentially ex-
pressed between the following groups: (i) infected vs. controls in
Arizona; (i) infected vs. controls in Alabama; (iii) control birds
from Arizona vs. control birds from Alabama; and (iv) infected
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birds from Arizona vs. infected birds from Alabama. These com-
parisons allowed us to evaluate changes in gene expression be-
tween treatments within geographic populations, as well as within
treatments between populations.

Sequencing and Gene Ontology analyses. All of the 162 clones found to
be significantly differentially expressed between groups were
subsequently sequenced. We added 1 pL of Big Dye (Applied
Biosystems), 2 uL of buffer 5 and 2 pL of primer M13 or M13R
(1 pM) to 5 pL of PCR product. The reaction was run for 30
cycles consisting of 10 s at 94 °C, 5 s at 50 °C, and 4 min at 60 °C
and a final extension of 1 min at 60 °C. The sequencing reaction
cleanup was performed by adding 2.5 pL of 125 mM EDTA to
each reaction and 25 puL 95-100% ethanol and then incubating
this solution for 15 min at room temperature and centrifuging at
3,000 x g for 30 min. The tubes were then inverted and centrifuged
at 190 x g, and we added 30 pL of 70% ethanol, centrifuged for
15 min at 1,650 x g, and then inverted and spun at 190 x g for
1 min. The cleansed sequence reaction pellet was resuspended
with 10 pL of HiDi-Formamide before sequencing on an ABI
377 sequencer. Forward and reverse sequences generating a
BLAST hit with an e-value <1 x 107° with more than 100
nucleotides were categorized by their vertebrate homologs, and
all other genes were considered to be unknown. Gene ontology
category and function were determined using Harvester (http://
harvester.fzk.de/harvester/).

Microarray Validation Using Multiplex Quantitative RT-PCR Analysis.
We verified transcriptional changes at 16 genes using multiplex
quantitative real-time amplifications (QRT-PCR) (14). Multiplex
qRT-PCRs require only a small amount of RNA to simulta-
neously assess individual variation in expression of up to 30
different genes per sample. Genes were selected if they were
significantly differentially expressed in the microarray experi-
ment and if they were of known, particularly immune-related,
Gene Ontology (GO) functions (Ig J, parathymosin, MHC class
1I-associated invariant chain Ii, Ig superfamily member 44 isoform
a, TCR p-chain, hsp90, NADH dehydrogenase subunit 4, thio-
redoxin, prosaposin, eukaryotic translation initiation factor elF4E,
nucleic acid binding protein RY-1 variant 3, MAK-like kinase, RhoA
GTPase, ubiquitin C, lymphocyte cytosolic protein, and SEC61
y-subunit) for inclusion in a single multiplex. We also included two
house finch housekeeping genes (actin-related protein 2/3 and
calmodulin 2) that were used in the microarray experiment to help
in the normalization of qRT-PCR results.

Primers were designed using GeXP Express Profiler Primer
Design software (Beckman). Each primer pair was designed to
yield PCR products at least 7 bp apart (ranging from 139 to 341
bp) with similar GC content and melting temperature. We also
included primers to amplify a kanamycin RNA transcript that was
spiked into each reaction as an external control (GenomeLab
GeXP Start Kit; Beckman Coulter). Multiplex qRT-PCR main-
tains relative transcript abundances through incorporation of
universal tags that are homologous to the 5’ ends of the forward
and reverse primers. The forward universal primer carries a
fluorescent dye label so that, following amplification, the PCR
products can be examined by capillary electrophoresis (Beckman
Coulter CEQ8000) for fragment size determination.

Two contrasting analytical approaches were used to validate
microarray data. First, we used a correlational approach to de-
termine whether the degree to which genes are differentially
expressed in the microarray is related to the degree to which they
are differentially expressed in a multiplex qRT-PCR. Differential
expression of genes in the microarray is defined as that in which
the expression of the same gene differs significantly either be-
tween treatments within the same population or between pop-
ulations within treatments. As predicted, a Spearman’s rank
correlation showed a significant positive relationship between the
ranks of expression from the microarray and the multiplex qRT-
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PCR data (r; = 0.46, n = 45, P < 0.001). Second, we used a one-
sampling #-test framework to determine whether up-regulation
of expression in the microarray is associated with up-regulation
using qRT-PCR and vice versa. Two analyses were conducted
using the following comparisons: (i) control birds from Arizona vs.
Alabama (n = 11 genes) and (i) infected birds from Arizona vs.
Alabama (n = 16). In both analyses, up-regulation in the micro-
array was associated with up-regulation in the multiplex qRT-PCR
(and vice versa): (i) T1p = 2.26, P = 0.024 and (ii) T5 = 3.33, P =
0.002). (P values represent one-tailed estimates because in all
cases the microarray is upheld only if the qRT-PCR results are
greater than zero.)

Statistical Analyses. The validity of all further analyses was con-
firmed using Zar (15).

Microarray validation. A Spearman’s rank correlation was con-
ducted because neither the microarray nor the multiplex qRT-
PCR values were normally distributed [Shapiro-Wilk test for
normality: W = 0.93, n = 44, P = 0.007 (microarray); W = 0.68,
n = 44, P < 0.001 (QRT-PCR)]. #-Tests were conducted because
interpopulation differences in gene expression between control
and infected populations did not differ from normality [Shapiro—
Wilk test for normality: W= 0.95,n = 11, P = 0.69 (microarray);
W =091,n = 16, P = 0.12 (qQRT-PCR)].
Interpopulation/treatment comparisons. Interpopulation/treatment
comparisons (Fig. 24) were analyzed using two-tailed binomial
tests, Fisher exact tests, or goodness-of-fit tests. Two-tailed
binomial tests resemble 2 x 2 x> contingency tables and give
qualitatively similar results except that they are more appro-
priate when comparing between two proportions. Fisher exact
tests were used when sample sizes were such that expected
values failed to reach 5. Goodness-of-fit tests were used to
compare whether an observed frequency differed from the
expected.

MG analyses. Population differences in MG were analyzed using
a general llinear model with normal error structure in which MG
load was fitted as the response term, amount of host tissue was
fitted as a covariate, and population was fitted as the main term of
interest. The distribution of MG loads did not differ significantly
from normality (Shapiro-Wilk test for normality: W = 0.97, P =
0.74) and the variance in MG load between populations did not
differ significantly (Bartlett’s test for homogeneity of variance:
x12 = 0.00, P = 0.96). The relationship between MG load and
expression levels was conducted using a linear regression. MG
load was expressed as a ratio of host tissue and used as the re-
sponse term in the analysis. The distribution of MG load ratio did
not differ from normality (Shapiro-Wilk test: W = 0.94, P = 0.22).

Online Gene Functions. Among the known genes that were sig-
nificantly differentially expressed (Table S1), we identified 10
with primary immune function, which hence could be directly
involved in the immune response to MG. For example, of the 6
genes differentially expressed in comparisons 1 and 2 (Fig. 2 4
and B), MHC class II-associated invariant chain Ii plays a role in
the assembly of MHC class II molecules, which serve to recog-
nize foreign peptides originating from the degradation of ex-
tracellular parasites (16); lectin galactoside-binding soluble 2
protein (galectin 2) belongs to a family of proteins differentially
expressed in various immune cells and up-regulated during in-
fections (17): galectins are involved in the regulation of cellular
immune responses and immune cell homeostasis (18), and ga-
lectin 2 is thought to control inflammation and regulate activated
CD8+ T cells (19); programmed death ligand 1 plays a key role
in regulating T-cell activation and tolerance (20, 21); neutrophil
cytosolic factor 4 (40 kDa) encodes for a subunit of the super-
oxide-producing phagocyte NADPH oxidase and plays an im-
portant role in phagocytosis-induced superoxide production, an
essential mechanism in host innate immune defense (22); T-cell
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immunoglobulin and mucin domain containing 4 is primarily ex-
pressed on antigen-presenting cells and can play a role in T-cell
activation and help sustain an ongoing immune response (23), as
well as serve to mediate the engulfment of apoptotic cells (24),
thereby maintaining tolerance and preventing inflammation and
autoimmunity against intracellular antigens released from the
dying cells (25). By contrast, the one immune gene up-regulated in
comparison 4, hCG40889 (complement factor H), is secreted in
the plasma protein to regulate complement-mediated immunity,
which plays a key role in microbial killing. By preventing excessive
activation of the complement cascade, it participates in protecting
host cells and tissues (26, 27).

We also identified six genes with auxiliary immune function, all
of which were down-regulated in the infected Arizona vs. Ala-
bama populations. We know that MG is exposed to host reactive
oxygen species (ROS) (28) and that the generation of ROS by
phagocytic cells during oxidative bursts is an important anti-
bacterial mechanism (29). ROS are free radicals (e.g., superox-
ide O,7, hydroxyl radicals OH, hydrogen peroxide H,O,) that
are produced at high levels to kill internalized pathogens (30).
Squalene epoxidase catalyzes the first oxygenation reaction of
cholesterol biosynthesis (31) and has been suggested to play a
role in the production of ROS, possibly via the effects of sterols
on the localization of NADPH oxidase (32).

The action of ROS is nonspecific, and so as they accumulate,
they damage host tissues and pathogens indiscriminately, e.g., by
inducing DNA or cell damage through lipid peroxidation (33, 34).
To minimize such costs, hosts have developed ROS-scavenging
mechanisms, such as the enzyme superoxide dismutase, which
catalyzes the dismutation of superoxide (O,7) into oxygen (O)
and hydrogen peroxide (H,O,). Thioredoxin, an oxidoreductase
system induced by oxidative stress, has important antioxidant
activities (35), and both ROS and thioredoxin can also influence
downstream immune functions through the regulation of tran-
scription factors and cytokines (36, 37). Spermidine/spermine
Nl-acetyltransferase is one of the main enzymes responsible for
the regulation of intracellular polyamine (38). This protein can
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be induced by the proinflammatory cytokine, tumor necrosis
factor-a, to help maintain normal cellular physiology under in-
flammatory stress (39). Both spermine and spermidine exert
protective functions of the cell under oxidative stress (40).

Rho GTPase is involved in several signal transduction pathways
and plays an important role in the regulation and coordination of
the innate immune response (reviewed in refs. 41 and 42). Rho
GTPase proteins are involved in Toll-like receptor signaling, a
key line of defense against microbial pathogens (43). They also
form a subunit of the NADPH-oxidase complex where they
regulate the formation of ROS during oxidative bursts (44).
Another important role of Rho GTPase proteins is their impli-
cation in actin and microtubule regulation and cytoskeletal
rearrangements mediating leukocyte chemotaxis and motility,
phagocytosis, and lymphocyte cytotoxicity (45-47). The higher
expression of cytoskeletal elements in infected birds from Ala-
bama compared with infected birds from Arizona is consistent
with the up-regulation of Rho GTPase in infected Alabama
birds. Indeed, p-actin is one of the two isoforms present in the
cytoplasm, and actin polymerization and depolymerization may
be driven by actin-related protein and destrin (48).

Lymphocyte cytosolic protein (L-plastin) has been shown to
stabilize actin filaments during T-lymphocyte migration (49),
whereas the interaction between actin filaments and myosin and
the phosphorylation of myosin regulatory light chains generate
the contractile force necessary for cell migration (50).

Ubiquitin C targets cellular proteins for degradation in the
proteasome (51). Ubiquitination, however, can also be reversible
and play a role in the activity and localization of proteins in sig-
naling pathways, as well as in the initiation of an immune response
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Fig. S1. Comparisons of expression profiles at different stages of the epizootic. (A) Hypotheses and predictions: long-term condition changes predicted that
comparisons between infected and controls in Alabama in 2007 and in Alabama in 2000 would be more similar to each other than they would be to the
comparison between infected and controls in Arizona in 2007; MG attenuation predicted that Alabama in 2007 and Arizona in 2007 would be more similar to
each other than they would be to the populations Alabama in 2000; evolution of resistance to MG predicted that Arizona in 2007 and Alabama in 2000 would
be more similar to each other than they would be to Alabama in 2007 and that the comparison infected Arizona vs. infected Alabama in 2007 would be similar
to the comparison infected vs. controls in Alabama in 2000. Solid arrows indicate greater similarity and dotted arrows greater dissimilarity. (B) Of 14 expression
differences found between infected and control birds from MG exposed-Alabama in 2000 (i.e., early in the epizootic) (1): (/) none was common to those found
in the same comparison in the same population later in the epizootic (in 2007), despite birds being captured from an identical location 7 y apart; (ii) 6 birds
were qualitatively identical to those found in the same comparison but from the MG unexposed-Arizona population in 2007, despite the two populations
being isolated for at least 60 y; and (iii) 11 birds were qualitatively identical to differences found in infected birds between MG unexposed-Arizona and MG
exposed-Alabama in 2007.

1. Wang Z, Farmer K, Hill GE, Edwards SV (2006) A cDNA macroarray approach to parasite-induced gene expression changes in a songbird host: Genetic response of house finches to
experimental infection by Mycoplasma gallisepticum. Mol Ecol 15:1263-1273.
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Table S1. Summary of the 52 genes found to be significantly differentially expressed in at least one of the four comparisons in the
microarray and for which we identified a vertebrate homolog
Vertebrate homolog Accession no. e-Value Identity Species GO category GO function
Predicted: T-cell Ig and mucin XM_002194781.1 5.00E-132 304/326 Taeniopygia Immune Maintenance of immune
domain containing 4 (93%) guttata response, engulfment of
apoptotic cells
Putative MHC class Il-associated DQ215319.1 3E-131 462/550 Taeniopygia Immune Role in assembly of MHC
invariant chain li* (84%) guttata class Il
Predicted: Lectin galactoside- XM_002196008.1 4E-170 371/392 Taeniopygia Immune Regulator of cellular immune
binding soluble 2 protein* (94%) guttata function
Predicted: Programmed XM_424812.2  3.00E-45 200/245 Gallus gallus Immune B-Cell differentiation,
death ligand 1 (81%) regulation of T-cell
activation
TCR p-chain AF068228.1 8E-72 284/347 Anas Immune T-cell recognition of foreign
(81%) platyrhynchos antigens
Putative Ig J DQ213324.1 0 709/804 Taeniopygia Immune Antigen binding
(88%) guttata
Predicted: Neutrophil XM_002196200.1 4E-72 167/175 Taeniopygia Immune Component of the superoxide-
cytosolic factor 4 (40 kDa) (95%) guttata producing
phagocyte NADPH oxidase
Predicted: Ig superfamily XM_417901.2  3E-84 242/273 Gallus gallus Immune Positive regulator of cytokine
member 4A isoform a (88%) secretion, activated
T lymphocyte proliferation
Putative parathymosin DQ214395.1 3E-180 517/594 Taeniopygia Immune May block prothymosin,
variant 1* (87%) guttata which confers resistance to
opportunistic infections
Predicted: hCG40889 XM_002192303.1 7E-79 2271257 Taeniopygia Regulation of Regulation of complement
(complement factor H) (88%) guttata immunity activation, restricting this
innate defense mechanism
to microbial infections
Thioredoxin EF192008.1 0 550/592 Taeniopygia Redox metabolism  Antioxidant activity, regulation of
(92%) guttata (auxiliary immune) oxidative stress-induced signal
transduction
Spermidine/spermine EF192029.11 2E-93 197/201 Taeniopygia Polyamine catabolism Polyamine catabolism, response
N1-acetyl transferase (98%) guttata (auxiliary immune) to inflammation
Predicted: Squalene epoxidase* XM_002187235.1 4E-175 628/664 Taeniopygia Redox metabolism  Sterol biosynthesis, ROS production
(94%) guttata (auxiliary immune)
Cytochrome ¢ oxidase EF484222.1 0 755/837 Mimus Redox metabolism  Mitochondrial respiratory chain
subunit 1* (90%) gundlachii complex IV
Cytochrome b AY495387.1 0 376/376 Carpodacus Redox metabolism  Mitochondrial respiratory chain
(100%) erythrinus complex I
Cytochrome ¢ oxidase EF484237.1 1E-56 153/167 Cinnyricinclus Redox metabolism  Mitochondrial respiratory chain
subunit Il (91%) leucogaster complex IV
NADH dehydrogenase AY567938.1 0 639/773 Ciconia nigra Redox metabolism  Mitochondrial respiratory chain
subunit 4* (82%) complex |
Cytochrome c oxidase DQ385208.1 3.00E-64 208/242 Pedionomus Redox metabolism  Mitochondrial respiratory chain
subunit 11I* (85%) torquatus complex IV
Cytochrome ¢ oxidase DQ213599.2 0 444/459 Taeniopygia Redox metabolism  Mitochondrial respiratory chain
subunit Vlla 2 (96%) guttata complex IV
Ubiquitin C* DQ216247.1 0 639/691 Taeniopygia Proteolysis Protein degradation
(92%) guttata (auxiliary immune)
Predicted: Nedd4 family XM_002193395.1 0 390/399 Taeniopygia guttata Proteolysis Ubiquitin-mediated proteolysis
interacting protein 1 (97%)
Prosaposin variant 3 DQ214627.1 5E-59 168/187 Taeniopygia guttata Metabolism Lipid metabolism and transport
(89%)
Predicted: Phospholipase XM_002200327.1 7.00E-86 Haut du Taeniopygia Metabolism, lipid Hydrolase and phospholipase
D family, member 4 formulaire guttata catabolism activity
219/239 (91%)
N-acetyltransferase 5 XM_002189727.1 6E-70 162/169 (95%) Taeniopygia Metabolism Acyltransferase and N-
guttata acetyltransferase activity
Predicted: RhoA GTPase XM_002196158.1 0 546/558 (97 %) Taeniopygia Oxidative burst, signal GTPase activity, subunit of
guttata transduction NADPH oxidase, Rho protein
(auxiliary immune) signal transduction, motility
of phagocytic cells
MLTK-B (predicted: sterile XM_002198892.1 0 770/786 (97 %) Taeniopygia Signal transduction, Protein phosphorylation
a-motif and leucine zipper guttata proapoptosis,
containing kinase AZK) response to stress
Predicted: MAK-like kinase XM_002195712.1 0 478/488 (97 %) Taeniopygia Signal Protein phosphorylation

(ICK)

guttata

transduction
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Table S1. Cont.

Vertebrate homolog Accession no. e-Value Identity Species GO category GO function
Tyrosine 3-monooxygenase/ NM_001006415.1 1E-164 409/451 (90%) Gallus gallus Signal Protein scaffolding
tryptophan 5-monooxygenase transduction
activation protein (YWHAQ)
Predicted: Pleckstrin homology XM_002189748.1 6E-166 346/359 (96%) Taeniopygia Signal Binds inositol phosphates
domain guttata transduction
Predicted: Protein 4.1-G XM_001232112.1 0 830/962 (86%) Gallus gallus Immune, cytoskeleton T-cell activation processes
Cytoplasmic p-actin X00182.1 1E-48 144/159 (90%) Gallus gallus Cytoskeleton Cell motility and structure
Predicted: Lymphocyte XM_002198488.1 8.00E-125 266/276 (96%) Taeniopygia Cytoskeleton Actin-binding protein in
cytosolic protein* guttata (auxiliary immune) hemopoietic
cell lineages
Destrin (DSTN) NM_205528.1  5E-117 282/303 (93%) Gallus gallus Cytoskeleton Actin-depolymerizing
protein
Actin-related protein 3 (ARP3) AF498322.1 2E-86 304/361 (84%) Gallus gallus Cytoskeleton Actin polymerization
Predicted: Myosin regulatory XM_002186983.1 3E-150 312/322 (96%) Taeniopygia Cytoskeleton Regulator of myosin
light chain guttata
Predicted: Heat-shock X07265.1 4E-130 310/337 (91%) Gallus gallus Stress Molecular chaperone
protein 90a*
Nuclear ribonucleoprotein NM_205328.4  1E-132 301/320 (94%) Gallus gallus Transcription Positive regulation of
A/B (HNRNPAB) transcription
Mediator complex subunit EF191826.1 0 418/432 (96%) Taeniopygia Transcription RNA polymerase Il transcription
SOH1 guttata mediator activity, mediates
activation of stress-responsive
kinases
Translation initiation factor NM_001099860.1 0 608/657 (92%) Gallus gallus Translation regulation of translational
EIF4G2 variant 1 initiation
Translation elongation NM_204157.2  5E-116 244/250 (97 %) Gallus gallus Translation Translation elongation
factor 1 a1*
40S ribosomal protein S20 DQ217356.1 4E-52 130/137 (94%) Taeniopygia Translation Component of the 40S
guttata subunit of the ribosome
Putative ribosomal DQ213656.1 2E-50 126/132 (95%) Taeniopygia Translation Component of the 40S
protein S15 guttata subunit of the ribosome
Predicted: Splicing factor 3b, XM_002188348.1 3E-102 215/220 (97%) Taeniopygia Nucleic acid and mMRNA processing, protein
subunit 3 (130 kDa) guttata protein binding complex assembly,
RNA splicing
Nucleic acid binding protein DQ216570.1 0 495/508 (97 %) Taeniopygia Nucleic acid binding RNA splicing
RY-1 variant 3 guttata
Ribosomal protein large P2 DQ213409.2  3E-92 202/209 (96%) Taeniopygia Translation Translation elongation
guttata
Predicted: DEAD/H (Asp- XM_002190542.1 0 383/385 (99%) Taeniopygia Translation RNA helicase, Translation
Glu-Ala-Asp/His) box guttata initiation
polypeptide 3
Predicted: ribosomal protein XM_002195573.1 1E-117 254/264 (96%) Taeniopygia Translation Translation initiation
S24* guttata
Eukaryotic translation DQ213184.1 0 818/831 (98%) Taeniopygia Translation Regulation of translational
initiation guttata initiation
factor elF4E*
Predicted: SEC61 y-subunit XM_002198448.1 2E-55 192/197 (97 %) Taeniopygia Transport Intracellular protein
guttata transmembrane
transport
Putative hemoglobin o* DQ216727.1 1E-132 315/342 (92%) Taeniopygia Oxygen transport
guttata
Predicted: dyslexia XM_002197669.1 8E-79 185/195 (94%) Taeniopygia Binding
susceptibility 1 guttata
candidate 1
Predicted: Epidermal XM_002192313.1 7E-83 199/213 (93%) Taeniopygia Cell differentiation

differentiation-specific
protein

guttata

We indicate the Gene Ontology category and function; many genes were implicated in several biological processes and we favored the processes associated
with immune functioning or stress response. Gene Ontology category and function were determined using Harvester (http://harvester.fzk.de/harvester/). Note
that functions were mostly determined from studies on humans and mice; therefore, although they are likely to be conserved, we cannot rule out that proteins

have evolved to serve different roles in house finches. Genes with an identified auxiliary immune function are indicated as such in parentheses.

*Genes that are also differentially expressed in the macroarray experiment (1); two new genes were identified with updated BLAST searches (parathymosin,

eukaryotic translation initiation factor elF4E).

1. Wang Z, Farmer K, Hill GE, Edwards SV (2006) A cDNA macroarray approach to parasite-induced gene expression changes in a songbird host: Genetic response of house finches to
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