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Through domestication, humans have substantially altered the
morphology of Zea mays ssp. parviglumis (teosinte) into the cur-
rently recognizable maize. This system serves as a model for study-
ing adaptation, genome evolution, and the genetics and evolution
of complex traits. To examine how domestication has reshaped
the transcriptome of maize seedlings, we used expression profil-
ing of 18,242 genes for 38 diverse maize genotypes and 24 teo-
sinte genotypes. We detected evidence for more than 600 genes
having significantly different expression levels in maize compared
with teosinte. Moreover, more than 1,100 genes showed signifi-
cantly altered coexpression profiles, reflective of substantial rewir-
ing of the transcriptome since domestication. The genes with
altered expression show a significant enrichment for genes pre-
viously identified through population genetic analyses as likely
targets of selection during maize domestication and improvement;
46 genes previously identified as putative targets of selection also
exhibit altered expression levels and coexpression relationships.
We also identified 45 genes with altered, primarily higher, expres-
sion in inbred relative to outcrossed teosinte. These genes are
enriched for functions related to biotic stress and may reflect
responses to the effects of inbreeding. This study not only docu-
ments alterations in the maize transcriptome following domesti-
cation, identifying several genes that may have contributed to the
evolution of maize, but highlights the complementary information
that can be gained by combining gene expression with population
genetic analyses.

The domestication of maize from its wild progenitor is a model
system for investigating domestication, genome evolution, and

response to selection (1–4). Cytogenetic and molecular analyses
of maize domestication have identified Zea mays ssp. parviglumis
(hereafter teosinte) as the direct wild progenitor of maize and
indicate these lineages diverged ∼9,000 generations ago (5, 6).
Despite their recent divergence, maize exhibits substantial phe-
notypic differences from its wild progenitor, reflecting rapid and
pronounced evolutionary change (2, 5). Identification of genetic
changes underlying these phenotypic differences will give insight
into the genetic architecture of complex traits (3, 7), characterize
response to selection (8), and provide resources for maize im-
provement (3).
Both quantitative trait locus (QTL) mapping and molecular

population genetic scans have identified numerous genomic
regions that underlie maize domestication (3, 9–14). Molecular
characterization of QTL has identified genes that appear to be
responsible for several of the morphological or phenological
differences between maize and teosinte, including tb1 (15), tga1
(16, 17), zfl2 (18), ba1 (19), and ra1 (20). A number of genes with
putative regulatory function have been identified as potential
domestication genes (3, 13), and a recent genome-wide analysis of
maize and teosinte identified numerous selected regions devoid
of annotated genes (14). These data are consistent with sugges-
tions that regulation of gene expression has played an important
role in the evolution of maize (3, 21–23). The importance of
regulatory, as opposed to structural gene, changes is also

consistent with the broader hypothesis that regulatory differences
are fundamental to the evolution of morphological and de-
velopmental diversity (24).
To investigate the evolution of gene expression that accompa-

nied maize domestication, we examined the transcriptome of 38
diverse maize inbred lines and 24 teosinte accessions. Our specific
objectives were twofold. First, we tested for significant between-
taxa differences in expression, which may occur as a result of di-
rectional selection. Second, we used coexpression network anal-
yses to test whether domestication has rewired the transcriptional
network, causing changes in the covariance of gene expression.
We find evidence for significant changes in both gene expression
levels and coexpression relationships following domestication and
identify a subset of genes with altered expression patterns that
were also likely targets of selection during domestication.

Results
Using a NimbleGen (Roche NimbleGen) expression array rep-
resenting 32,540 genes [the filtered gene set annotation 4a.53 of
the maize reference genome from Schnable et al. (25)], we col-
lected expression profile data from 8-d-old tissue of 62 genotypes:
38 diverse maize inbred lines, 7 teosinte inbred lines, and 17 te-
osinte individuals sampled from three wild-collected, outcrossing
populations (Table S1). Eight-day-old plants, which have cotyle-
dons and one or two leaves (Fig. S1A), were chosen for expression
profiling to minimize expression differences attributable to de-
velopmental disparity between genotypes and taxa. Of the 32,540
genes represented on the array, we first identified 19,792 genes
(73,104 oligonucleotides) that showed evidence for expression
based on hybridization signal above levels of random nonmaize
control sequences. We eliminated an additional 26,937 probes
that comparative genomic hybridization (CGH) data (26) showed
to have high cross-genotype variation in hybridization signal for
genomic DNA, presumably attributable to nucleotide divergence
or structural variation. Our final dataset consisted of 46,167 CGH-
filtered probes representing 18,242 expressed genes (1–4 probes
per gene) that were Robust Multichip Average (RMA) normal-
ized (Dataset S1) and used for subsequent analyses.
Genome-wide, the coefficient of variation of expression among

lines was nearly identical in maize and teosinte (Fig. 1A), in-
dicating artificial selection did not cause a transcriptome-wide
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reduction in the variation of expression, nor has subsequent maize
improvement resulted in vastly different expression levels among
inbred lines. Expression varied more among tissues and de-
velopmental stages [data from Sekhon et al. (27)] than among
different genotypes (Fig. 1A and Fig. S1 B and C). Among-line
variance of expression differed significantly with respect to vari-
ous factors, including gene conservation, genomic locations, and
gene family size (Fig. S1 D–F).
We identified 612 genes with significantly different [posterior

probability (Pposterior) of differential expression (DE) > 0.999]
levels of expression in maize compared with teosinte (Table 1),
with nearly half of these genes (n= 288) showing at least twofold
difference in expression, with a slight bias (58.3%) toward higher
expression in maize. Hierarchical clustering of the relative ex-
pression of these genes that show DE demonstrates that for
some genes, there are groups of maize genotypes with expression
levels similar to those in teosinte (Fig. 1B).
Teosinte plants normally exhibit low levels of self-fertilization

(28), but modern maize breeding programs are now based on
creating hybrids between inbred lines generated through con-
trolled self-pollinations. All the maize lines included in our anal-
yses are inbred lines. Seven of our teosinte genotypes (designated
as TILs) are genetic stocks produced by multiple generations of
self-fertilization. The remaining 17 teosinte samples are individ-
uals from three wild-collected, outcrossing populations (Table S1).
To investigate the effects of inbreeding on expression patterns, we
compared expression between inbred and outbred teosinte. We
identified 45 genes with significantly altered expression in out-
crossed relative to inbred teosinte plants (Pposterior > 0.999; Table
1), with the majority of these expressed at higher levels in inbred
plants (Fig. 1C). Seven of these 45 genes also showed significant
differences in expression levels between maize and teosinte
(Dataset S1). Among these 45 DE genes, there is significant en-
richment for chitin metabolic processes and defense response
genes, all of which were more highly expressed in inbred plants
(Table S2). Many of these DE genes also are members of the same
teosinte coexpression subnetwork that is enriched for genes an-
notated with biological functions in response to biotic stimulus
(Table S2).

Rewiring of Transcription in Maize Relative to Teosinte. DE analyses
identify individual genes with significantly different expression but
may not identify changes in regulatory relationships among pairs
or groups of genes. Analysis of coexpression across a set of gen-
otypes can, however, be used to identify genes whose coregulation
was altered during domestication, even if those genes’ average
expression was not significantly changed. To investigate coex-
pression relationships on a global scale, we compared the topol-
ogies of coexpression networks that were separately constructed
for maize and teosinte. To quantify the coexpression within each
taxon, we generated a coexpression matrix by calculating the
among-genotype correlations for every pair of genes within each
taxon, and these correlations are the edges of the network. We
then examined the correlation between edges in the two networks;
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Fig. 1. Variance in expression. (A) Density plots for the coefficient of vari-
ance (CoVar) for gene expression levels in all genotypes (black), maize
genotypes (red), and teosinte genotypes (blue), as well as for developmental
stages (green). More genes exhibit a higher CoVar across developmental
stages than across diverse genotypes. (B) Relative gene expression levels for
the 612 genes with significant expression differences between maize and
teosinte, and used for hierarchical clustering. Genotypes were each assigned
to one of five subpopulations (specified in Table S1). (C) Similar clustering is
shown for the 45 genes that are differentially expressed between inbred and
outcrossed teosinte. NSS (nonstiff stalk); SS (stiff stalk).

Table 1. DE genes

Gene list Gene no. % 2FC
% up-regulated

in maize
No. Dom or Imp

candidates

Maize vs.
teosinte DE

612 47 58.30 90

Teosinte inbred vs.
outcrossed DE

45 95 NA 4

AEC 1,115 16 57.1 135
AEC and DE 276 51 63.4 46

Dom, domestication; 2FC, 2 fold-change; Imp, improvement; NA, Not ap-
plicable.
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a correlation of 1 would indicate that the patterns of coexpression
in maize were identical to coexpression in teosinte. The empirical
correlation between edges in the maize and teosinte networks was
0.30, which was lower than the correlation observed in all but 14 of
1,000 pairs of matrices derived from random permutations of the
genotypes (Fig. 2A). The rewiring of expression networks since
maize-teosinte divergence is also evident from pairwise gene ex-
pression correlations, which reveal far fewer conserved gene pairs
than expected based on resampled coexpression networks (Fig. 2
B and C).
To identify genes contributing the largest differences between

the maize and teosinte coexpression networks, we computed an
expression conservation (EC) score for each gene, a measure
of the degree of similarity between a candidate gene’s neighbors
in the maize expression network and the same gene’s neighbors
in the teosinte network (Materials and Methods). Consistent with
the correlation analyses, we observed a transcriptome-wide shift
in EC score toward lower conservation, relative to the null ex-
pectation (Fig. S2A). To characterize the genes showing the
strongest altered expression conservation (AEC) between maize
and teosinte (hereafter referred to as AEC genes), we identified
a set of 1,115 genes with observed EC scores >3 SDs below the

expected EC score derived from random permutations of the
genotypes.

Characterization of Genes with Altered Expression in Maize and
Teosinte. The above analyses identified 612 genes with DE levels
in maize and teosinte and 1,115 genes with AEC in maize and
teosinte. Of these, 276 showed both DE and AEC, significantly
more than expected by chance (P < 0.05). However, DE and AEC
approaches identify partially distinct aspects of maize-teosinte
expression changes (Fig. S2 B and C). A gene ontology (GO)
analysis of genes that have reduced expression in maize relative to
teosinte finds evidence for significant overrepresentation of genes
related to amino acid salvage, cellular respiration, and sulfur
amino acids biosynthetic processes (Fig. S3A). The genes with
reduced expression in maize are also overrepresented by genes
that are either not located in syntenic regions in sorghum or that
are maize- or grass-specific (Fig. S3 B and C). However, the ma-
jority of DE genes are syntenic with rice and sorghum.
It is possible that some of the altered expression observed

in maize relative to teosinte might represent differences in de-
velopment or anatomy of the two taxa. To test for this possibility,
we compared the DE and AEC genes with developmental
coexpression networks derived from 60 different tissues/stages
of B73 (27). We did not find evidence that the DE or AEC genes
were enriched in specific developmental coexpression clusters,
which suggests that neither the DE nor AEC genes are the result
of differences in development or morphology of maize and
teosinte.

Altered Gene Expression Within Targets of Selection. Transcriptome
profiling can identify genes that are either responsible for differ-
ences between species or are downstream of causative changes.
To identify expression changes that are potentially responsible for
differences selected during domestication, we compared DE and
AEC genes with a list of genes located in genomic regions puta-
tively selected during domestication and/or improvement (14)
(Fig. 3A). Genes that show both DE and AEC are significantly
overrepresented among genes found in these candidate regions
(P < 0.05; Table 2). These genomic regions are also enriched for
DE-only genes but show no significant overrepresentation of
AEC-only genes (Table 2). This may provide evidence that AEC-
only genes are reflecting downstream rewiring of the tran-
scriptome but are likely not the causal sequence variants on which
selection occurred during domestication.
We focused our analyses on genes in selected regions that show

both DE and AEC (46 genes in Table S3) or show DE only (44
genes in Table S4), because these lists were significantly enriched
for putative targets of selection. Analysis of domains present within
these genes and annotation of the closest match in Arabidopsis
suggest that 13 of the 90 genes may function as transcription or
chromatin factors. The majority of the 90 genes show higher ex-
pression in maize (35 of 46 for the DE and AEC genes, 27 of 44 for
DE-only genes) and tend to have slightly higher connectivity in the
teosinte coexpression network relative to maize (Table 2). Many of
the genes show substantially altered levels of connectivity in maize
and teosinte (Tables S3 and S4), but this difference in connectivity
does not appear to be related to the directionality of change in
expression. There also is not a clear or consistent pattern in the
nature of the connectivity differences shown by these genes.
Coexpression subnetworks were analyzed for several of these genes
to understand better how domestication affected their coregulatory
relationships (Fig. 3B and Fig. S4A). These example teosinte co-
expression networks include several small and moderate-sized
networks. The gene used as the query for the networks (shown in
red in Fig. 3B and Fig. S4A) is highly connected in teosinte.
However, many of the connections for this gene are lost following
domestication. Examples are also found in which parts of the te-
osinte coexpression network are maintained in the maize network,
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Fig. 2. Rewiring of transcriptional networks in maize and teosinte. (A)
Pearson correlation coefficient was determined for the full matrix correlation
of maize and teosinte coexpression networks (black arrow). Only 1.4% of
1,000 pairs of networks derived from randomly permuting the genotypes
exhibit lower correlations than the maize and teosinte networks. (B) Scat-
terplot shows the correlation between all gene pairs in maize (x axis) relative
to the correlation for the same gene pair in teosinte (y axis). The relative
density of data points in Bwas comparedwith the average for 1,000 bootstrap
coexpression networks in C. Blue regions indicate fewer observed correlations
relative to the bootstrap networks, whereas red coloration indicates an excess
of actual observations, providing evidence for an enrichment of gene pairs
with varying correlations in maize and teosinte.
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whereas others are lost after domestication (Fig. 3B). It should be
noted that many of these genes have unique coexpression edges in
maize that are not observed in teosinte (Fig. S4B).

Expression data provide an opportunity to investigate further
functional alterations to genes located within genomic regions
that population genomic analyses identify as targets of selective
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Fig. 3. Analysis of genes with altered expression or conservation and targets of selection during improvement and/or domestication. (A) Venn diagram
showing the overlap between DE genes, AEC genes, and the genes that occur in genomic regions that have evidence for selective sweeps during maize
domestication or improvement (Dom/Imp genes). (B) Teosinte coexpression networks for three genes (GRMZM2G068436, GRMZM2G137947, and
GRMZM2G375302). (Right) Edges that are maintained in maize coexpression networks are shown. Although the differentially expressed gene (red node) is
highly connected in teosinte, most of these connections are lost in maize. However, some parts of the teosinte network are still conserved in maize. (C) Cross-
population composite likelihood ratio test (XP-CLR) plot shows the evidence for a selective sweep that occurs on chromosome 9. The tick marks along the x
axis represent genes, and the red tick mark indicates the gene (GRMZM2G448355) that was chosen as the candidate target of selection and is differentially
expressed in maize and teosinte. The bar plot underneath the graph shows the expression levels of all maize (blue) and teosinte (red) samples. (D) XP-CLR plot
for a large region on chromosome 5. The candidate target of selection is indicated in green and shows similar expression in maize and teosinte. Two other
genes (red) exhibit DE. (E) Neighbor-joining tree shows the relationships among the haplotypes at GRMZM2G141858. (Right) Bar plot shows expression levels
for each genotype; red bars indicate teosinte genotypes, and blue bars represent maize genotypes. At least one teosinte genotype (TIL15) contains the
haplotype that has been selected in maize and has expression levels similar to maize genotypes.

Table 2. Genes in selected regions with evidence for DE or AEC

Gene list
No. genes selected
during dom/imp

% up-regulated
in maize Significance

% higher connected
in maize % candidates

AEC and DE (n = 276) 46 76 0.0002 41.3 39.1
DE only (n = 336) 44 61 0.0230 40.9 22.7
AEC only (n = 839) 89 54 0.1837 57.3 32.6

dom, domestication; imp, improvement.
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sweeps. Many of the genomic regions identified by Hufford et al.
(14) contain multiple genes, and these investigators identified
the most likely target of selection within these regions by
choosing the gene nearest the point in the region with the highest
likelihood for selection during domestication or improvement.
Many of the DE genes within selected regions (28 of 90 genes)
represent the gene identified as the candidate target of selection
based on population genetic metrics (Fig. 3C, Table 2, and
Tables S3 and S4). The other 62 examples of differentially ex-
pressed genes in these regions represent examples in which the
differentially expressed gene was in the selected region but was
not the gene with the highest likelihood of selection (example in
Fig. 3D). Although these genes are not located nearest the se-
lection likelihood peak, the DE observed makes them compel-
ling candidates nonetheless.
An examination of the expression levels of DE genes in each of

the maize and teosinte genotypes reveals that although the aver-
age maize and teosinte expression levels are quite different, there
is frequent overlap in the range of expression levels in maize and
teosinte, such that some teosinte genotypes have expression levels
similar to those found in maize or vice versa. This observation
could reflect selection occurring on standing variation in teosinte,
resulting in an increase in allele frequency during domestication.
Conversely, the finding that some maize genotypes have expres-
sion levels more similar to teosinte could reflect examples in which
the selective sweep has not been complete and some maize gen-
otypes still retain an alternative allele. To investigate these pos-
sibilities, we compared patterns of expression of several DE genes
with genetic distances calculated from the SNP data of Hufford
et al. (14) (Fig. 3E and Fig. S5 A and B). The neighbor-joining
trees generated using these SNP data show that the majority of
maize genotypes have a very similar allele. However, there are
examples in which some maize individuals group with teosinte or
in which some teosinte genotypes are most similar to maize. In
general, the expression level is highly correlated with the allele
that is present.

Discussion
Regulatory changes have been proposed to play a major role in
phenotypic evolution and some of the best-characterized mor-
phological changes that have accompanied domestication appear
to have resulted from adaptive changes at transcription factors (3,
7, 8, 24). However, the extent to which domestication, or species
divergence in general, has altered the transcriptome is not well
understood. By profiling the transcriptomes of 38 maize and 24
teosinte individuals, we characterized the diversity of transcrip-
tional variation within each of these taxa, as well as the divergence
of expression that has occurred during the past ∼9,000 y since
domestication. The overall coexpression networks in maize and
teosinte show evidence for significant rewiring. Subsequent per
gene analyses identified many examples of both DE and AEC.
The analysis of coexpression networks that have substantially
changed in maize relative to teosinte may assist in further un-
derstanding the molecular basis of phenotypic adaptation. In
addition, the comparison of transcriptomes of wild and domesti-
cated derivatives can begin to describe how selection on quanti-
tative traits has affected gene expression networks.
In a search for targets of maize domestication and improve-

ment, Hufford et al. (14) identified 484 and 695 chromosomal
regions with signals of selection during domestication and im-
provement, respectively. A large proportion of these selected
regions (58% of domestication regions and 48% of improvement
regions) include multiple genes. These investigators subsequently
identified themost likely target of selection within these regions by
identifying the gene nearest the point in the region with the highest
likelihood of selection during domestication or improvement.
Analysis of maize and teosinte transcriptomes can provide a
complementary approach to characterize genes within selected

intervals further and to identify likely candidate targets. In some
cases (28 of 90 cases), the two approaches identified the same
gene, although for the remaining 62 windows of selection, the DE
gene is not the gene nearest the region of the window with the
greatest statistical support for being the target of selection. These
windowsmay be examples of the limits of using population-genetic
inferences alone for identifying targets of selection. Alternatively,
the target of selection identified through population-genetic
analyses may be correct and the altered expression may reflect
a cis-regulatory variant that has “hitchhiked” along with the se-
lected allele. Hufford et al. (14) identified 299 chromosomal
regions that show evidence for selection during domestication or
improvement but contain no genes from the filtered gene set. The
nearest genes from the filtered gene set were compared with the
612 DE genes, and we identified five cases of DE for the genes
located near selected regions (Fig. S5D). These may be examples
for selection acting directly on regulatory sequences.
Although we do not have information on the functional con-

sequences of the expression changes we detected, several DE genes
are among the classic and well-studied maize genes [Schnable and
Freeling (29)]. These include ae1 (amylose extender1), an1 (anther
ear1), adh2 (alcohol dehydrogenase2), chn3 (chitinase3), du1 (dull
endosperm1), fht1 (flavonone 3-hydroxylase 1), gln2 (glutamine
syntehtase2), lpa1 (low phytic acid1), and zmm2 (Z.maysMADS2).
Two of these genes, adh2 and zmm2, also show evidence of se-
lection during maize domestication or improvement in the study by
Hufford et al. (14). Interestingly, ae1 was previously identified as
a target of selection during domestication [Whitt et al. (30)]. This
gene is nearly twofold more highly expressed in teosinte seedlings
relative to maize seedlings. The potential functional significance of
additional DE genes also can be inferred based on orthology. For
example, GRMZM2G448355, a domestication candidate [Hufford
et al. (14)], has sequence similarity to rice OsMADS56, which is
implicated in control of flowering time in rice and is located within
a flowering-time QTL in maize (31).
An important limitation of the expression data we assayed is that

they were collected from 8-d-old seedlings. We chose this de-
velopmental stage because all individuals, regardless of the taxon,
are morphologically similar at this stage; therefore, differences we
detect are likely attributable to divergence between taxa and not to
comparing taxa that are at different developmental stages. An at-
tempt to document differences in expression in visibly altered
structures, such as flowers or seeds, would identify numerous ex-
pression differences that correspond to tissue differences and not
necessarily expression per se. Although assaying 8-d-old seedlings
allowed the isolation of comparable samples, it limited our ability
to identify the targets of selection that are specifically expressed in
other tissues that have been subjected to strong selective pressures.
For example, only 2 (ae1 and su1) of the 13 “known” targets of
selection during domestication [Hufford et al. (14)] were expressed
in seedling tissue; the remaining 11 genes, including tb1 and tga1,
are expressed specifically in other tissues (15, 16). Nevertheless, we
identified differentially expressed genes in young seedling tissue
that include a disproportionate amount of domestication or im-
provement candidates, as well as genes previously shown to play
important functional roles in maize.
Despite the challenges of comparing the transcriptomes of

domesticated plants and their wild ancestors, this approach can
provide a detailed view of the impacts of selection on gene ex-
pression patterns. Even in young seedling tissue, before visible
differences between maize and teosinte are apparent, we find
evidence for significant rewiring of expression networks and find
numerous differentially expressed genes. Previous studies have
found that domestication targets are enriched for genes with
regulatory functions (3, 21–23). This study has provided further
evidence that domestication has frequently selected for regula-
tory variants and can also provide the basis to characterize the
downstream targets of these genes.
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Materials and Methods
Microarray Hybridization and Data Processing. Diverse maize inbred lines (n =
38), inbred teosinte lines (n = 7), and wild teosinte individuals (n = 17) were
grown, and seedling leaf tissue was harvested 8 d after planting as pre-
viously described (26). Purified RNAs were labeled (details provided in SI
Materials and Methods) and hybridized to a custom long-oligonucleotide
microarray (GPL10846) designed by NimbleGen (Roche NimbleGen). The
data were filtered to omit probes without substantial expression signal and
probes with CGH variation (SI Materials and Methods ). The raw data from
the remaining 46,167 probes were renormalized using RMA (32) to provide
the estimates of gene expression for 18,242 genes. Differentially expressed
genes were identified using Cyber T (33) utilizing a conservative experi-
ment-wide Pposterior > 0.999. The gene expression data generated for this
study are available in the Gene Expression Omnibus database (accession
no. GSE30036).

Coexpression Network Analysis. Coexpression networks were computed
separately for the 38 maize expression profiles and 24 teosinte profiles by
calculating Pearson correlation coefficients between all pairs of genes. Each
set of correlations was then transformed using the Fisher transformation as
recommended by Huttenhower et al. (34) and standard-normalized to allow
for comparisons between the two networks. An EC score was calculated as
the Pearson correlation coefficient between gene profiles in two coex-
pression networks as described by Dutilh et al. (35). The significance of dif-
ferences between the maize and teosinte coexpression networks was
assessed through bootstrapping, where genotypes were selected at random
without replacement from the full-expression dataset, forming two groups
with 38 and 24 genotypes each to match the number of genotypes in maize
and teosinte subsets, respectively. Each obtained pair of subsets was used to
build a coexpression network, and comparisons of the two networks were
repeated on each of these bootstrapped networks. This process was re-
peated 1,000 times to generate null distributions for cross-network

correlation, the joint edge weight distribution, and an EC score distribution
for each gene. Rewired genes were selected by computing a z score using
the gene-specific null distribution and applying a cutoff of z < −3.0. Further
details of how the coexpression networks were constructed and compared
are included in SI Materials and Methods.

Analysis of Overlap Between Expression-Derived and Sequence-Derived
Selection Target Lists. Hufford et al. (14) performed sequence-based analy-
sis to identify 3,040 genes in regions targeted during domestication and
improvement, of which 1,761 genes were present in our dataset. We mea-
sured the enrichment in the sequence-derived selection targets using the
hypergeometrical distribution for each of the following sets of genes: DE-
only genes, AEC-only genes, and genes that are both DE and AEC.

Expression levels in DE and DE/AEC genes were compared with genetic
distance between genotypes using SNP data from Hufford et al. (14).
Neighbor-joining trees were constructed based on simple parsimony sub-
stitution models as implemented in the program TASSEL (version 3.0) (36).

GO Analyses. The GOslim annotation of gene lists was assessed using BiNGO
(37), a Cytoscape (38) plug-in that maps overrepresented functional themes
present in a given gene set onto the GO hierarchy. P values for enrichment
of GOslim terms were calculated using a hypergeometrical distribution sta-
tistical testing method with false discovery rate correction.
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SI Materials and Methods
DNA Labeling and Microarray Hybridization. A custom long-oligo-
nucleotide microarray (GPL10846) was designed by NimbleGen
(Roche NimbleGen) using the 32,540 filtered maize genes pre-
dicted fromtheB73referencegenome(1)asdescribedbySwanson-
Wagner et al. (2). RNAs were isolated using the commercial
TRIzol (catalog no. 15596026; Invitrogen) from above-ground
tissue harvested 8 d after germination. RNAs were purified by
lithium chloride treatment, followed by 3 M sodium acetate (0.1
vol) and 95% (vol/vol) ethanol (2.5 vol) precipitation. Purified
RNAs (10 μg per sample) were reverse-transcribed and labeled
according to the array manufacturer protocol (NimbleGen Arrays
User’sGuide:GeneExpressionAnalysis v3.2; RocheNimbleGen).
Per sample, ∼20 μg of Cy3- or Cy5-labeled RNAs was hybridized
for 16–20 h at 42 °C using the NimbleGen Hybridization System
(Roche NimbleGen). After hybridization, slides were washed
(NimbleGenWash Buffer Kit; Roche NimbleGen) and dried for 2
min by centrifugation. Slides were immediately scanned using the
GenePix 4000B Scanner (Molecular Devices) according to the
array manufacturer’s protocol.

Data Processing. Array images and data were processed using
NimbleScan (Roche NimbleGen) software. Briefly, images from
each slide were separated into 12 subarrays and aligned to a grid
to extract signal intensity for each feature on the array. Experi-
mental integrity was verified by evaluation of the signal intensities
of the sample tracking control features for each subarray. Fur-
thermore, metrics reports were produced for each array to report
the signal uniformity across the array and the intensity of known
empty features, random probes, and experimental probes. A total
of 78 samples provided high-quality data and were used for
subsequent analyses. NimbleScan was used to generate robust
multichip average (RMA) normalized (3) gene expression values
from the spatially corrected probe signal intensities on a per-
probe and per-gene basis. Normalized gene expression values
across multiple replications (technical or biological) of the same
genotype were averaged when possible. Comparisons of the
distributions of signal intensity for the random sequence controls
compared with the experimental gene probes on each array were
used to determine a reasonable signal threshold for positive
expression across all slides. There are 19,792 genes (represented
by 73,104 probes) that exhibit detectable signal (significantly
higher than noise measurements) in at least three genotypes.
The comparative gene hybridization (CGH) ratio (genomic
DNA signal relative to B73 genomic DNA) was assessed for the
73,104 probes from expressed genes in hybridizations of over 40
diverse maize and teosinte genotype (2). Probes (n = 26,937)
that exhibit low CGH values in at least three genotypes were
eliminated, resulting in a set of 46,167 probes that measure ex-
pression in 18,242 genes (1–4 probes per gene). The raw data
from these probes were renormalized utilizing RMA to provide
the estimates of gene expression used for this study. Differen-
tially expressed genes were identified using Cyber T (4) utilizing
a conservative experiment-wide posterior probability of differ-
ential expression >0.999. The gene expression data generated for
this study are available in the Gene Expression Omnibus data-
base (accession no. GSE30036).

Construction of Coexpression Networks. For the generation of
coexpression networks, we arranged the expression data into
a matrix E that had 62 genotype columns and 18,242 gene ex-
pression profile rows. Each element Eij denoted the expression

level of gene i in genotype j. We split the dataset by taxon into
EM and ET subsets of maize (18,242 × 38) and teosinte (18,242 ×
24) genotypes, respectively. To build coexpression networks
represented by matrices RM and RT, we calculated the Pearson
correlation coefficient between each pair of gene expression
profiles within a single subset:

RM
ij ¼ PCC

�
EM
i ;EM

j

�

RT
ij ¼ PCC

�
ET
i ;E

T
j

�

for i, j = 1, . . ., 18,242 and i ≠ j. Thus, RM and RT were square
matrices with the same dimensions, (18,242 × 18,242). Each
value in those matrices represented an edge weight in the coex-
pression network and measured similarity between expression
profiles of two genes. Even though the matrices had identical
dimensions, the distribution of values in each matrix might be
different because of the unequal sample size. Hence, a value
from one matrix could not be compared directly with a value
in the other. To enable direct comparison between RM and RT,
we applied Fisher z transformation to both matrices as recom-
mended by Huttenhower et al. (5). For each element r in RM or
RT, the Fisher transformation is defined as

z ¼ 1
2
ln
1 þ r
1 − r

;

which guarantees that the distribution of z values is approxi-
mately normal. We normalized the distribution by subtracting
the mean and dividing by the SD to obtain a standard normal
distribution N(0, 1). Thus, each element in RM and RT repre-
sented how many SDs the corresponding pairwise similarity
score was from the mean, making cross-network comparison
possible. The coexpression networks were created, processed,
and analyzed using the Sleipnir C++ library (6).

Comparison of Coexpression Networks.An expression conservation
(EC) score was calculated as the Pearson correlation coefficient
between gene profiles in two coexpression networks as described
by Dutilh et al. (7):

EC ¼ PCC
�
RM
i ;R

T
i

�
;

where RM
i and RT

i were i-th rows in the matrices that represented
maize and teosinte coexpression networks, respectively. For each
round of bootstrapping (n = 1,000), genotypes were selected at
random without replacement from the full expression dataset
forming two groups with 38 and 24 genotypes each to match
the number of genotypes in maize and teosinte subsets, respec-
tively. Each obtained pair of subsets was then used to build a
coexpression network. Because each group had a random mix of
maize and teosinte accessions, any variations between coexpres-
sion networks would exist mainly as a result of random variation
and the difference in group size. The same analysis was per-
formed on each corresponding pair of the bootstrapped coexpres-
sion networks, including the calculation of matrix correlation,
edge weight distribution, and EC score distribution. Null expect-
ations for EC score and joint edge weight distribution were cal-
culated as averages across all bootstraps. We selected rewired
genes using a z score calculated for each EC value as follows:
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z ¼ EC− μ

σ
;

where μ and σ were the mean and SD of the gene’s EC scores
obtained from the bootstrapping analysis. The z score of rewired
genes was required to be below −3.0.

Gene Annotations and Gene Ontology Analyses. The maize-specific
genes and gene families were identified based on homolog clus-
teringwith annotated genes of rice, sorghum, andArabidopsisusing
the method of Vilella et al. (8) as previously described (2). Pa-

ralogous clusters were defined as two or more genes belonging to
the same gene family that were separated on a chromosome by no
more than two nonparalogous intervening genes. Syntenic map-
ping of maize genes to rice and sorghum was previously described
(2). The gene ontology (GO) GOslim annotation of genes that
were affected by structural variation was assessed using BiNGO
(9), a Cytoscape (10) plug-in that maps overrepresented functional
themes present in a given gene set onto theGO hierarchy. P values
for enrichment of GOslim terms were calculated using a hyper-
geometrical distribution statistical testing method with false dis-
covery rate correction.
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Fig. S1. (A) Images of sampled plants. Several images of 8-d-old plants immediately before harvesting for RNA isolation. (B) Coefficient of variance (CoVar) for
gene expression levels was compared for 13,789 genes in a survey of different genotypes (y axis) and different developmental stages (x axis). (C) CoVar for
gene expression levels in all maize genotypes (y axis) and all teosinte genotypes (y axis) was contrasted. The red data points indicate the 612 genes that are
differentially expressed in maize relative to teosinte. The star-shaped data points indicate genes that were identified as domestication and/or improvement
candidates by Hufford et al. (1). (D) Box plot is shown for the coefficient of variance for gene expression levels in all maize and teosinte genotypes analyzed for
different subsets of genes. The genes are divided according to the depth of their homology. Genes with no homologs in maize or other species are classified as
“NULL.” Genes that have multiple family members in maize but are not detected in other species are classified as “Zea mays.” Genes that have a sorghum
homolog but no homologs in other grasses are classified as “Andropogoneae.” Genes that have homologs in multiple grass species are classified as “Poaceae,”
and genes with homologs in other plant genomes are classified as “Magnoliophyta.” (E) Box plot of gene expression variance is shown for genes that are
located in syntenic (syn) and nonsyntenic (non_syn) genomic positions relative to other grass genomes. (F) Box plot shows gene expression variance for genes
according to the gene family size in the maize genome.

1. Hufford MB, et al. (2012) Comparative population genomics of maize domestication and improvement. Nat Genet, 10.1038/ng.2309.
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Fig. S2. (A) Distribution of EC scores among maize and teosinte. The distribution of EC scores (blue histogram) is shown relative to the distribution of EC scores
observed in bootstrap samples (red line). The enrichment for reduced EC scores relative to the bootstrap control suggests that many genes show substantial
variation for their coexpression with other genes. (B and C) Interaction among genes discovered by expression level or conservation contrasts in maize and
teosinte. (B) Relative expression levels in maize and teosinte are plotted for all genes. The color of the symbols indicate whether they were identified as
differential expression (DE; red), altered expression conservation (AEC; blue), both AEC and DE (black), or not found in either list (gray). Note there are nu-
merous genes with altered EC scores (blue) that exhibit no evidence for altered expression levels because they plot near the center of the distribution. (C) EC (y
axis) and EC z (x axis) scores are plotted for each of 18,242 genes. (Upper Right) It is noteworthy that there are many DE genes that do not exhibit evidence for
low EC scores (data points plotted).

Swanson-Wagner et al. www.pnas.org/cgi/content/short/1201961109 4 of 13

www.pnas.org/cgi/content/short/1201961109


B

C

0
0.2
0.4
0.6
0.8

1

Homology to other species

All genes

DE

DE_EC

EC

0
0.2
0.4
0.6
0.8

1

Yes No

Syntenic genomic posi�ons

All genes

DE

DE_EC

EC

A

Fig. S3. Characterization of genes with altered expression levels or expression conservation in maize and teosinte. (A) BiNGO was used to assess over-
representation of GO terms in genes that are more highly expressed in teosinte than in maize. (B) Homology of each gene to other species was determined.
Genes were assigned as Zea_single if they are single copy in the maize genome and do not have homologs in other species, Zea_multi if they are multicopy but
only detected in maize, Andropogoneae if they have homologs in sorghum but not in rice, Poaceae if they have homologs in rice and sorghum, or Mag-
noliophyta if they have homologs in other plants like Arabidopsis or poplar. The differential expression (DE) and DE/altered expression conservation (AEC)
categories have more Zea_multi copy genes than expected. A comparative analysis of the genomic location for each gene in maize and sorghum was used to
assign each gene as syntenic or nonsyntenic. The DE and DE/AEC genes are significantly (P < 0.05) enriched for nonsyntenic positions.
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Fig. S4. (A) Partial conservation of coexpression networks following domestication is shown. Teosinte coexpression networks are shown for two highly
connected genes. (Right) Edges that are maintained within maize coexpression networks are shown. Although the differentially expressed gene (red node) is
highly connected in teosinte, most of these connections are lost in maize. However, some parts of the teosinte network are still conserved in maize. (B)
Coexpression networks in maize and conserved edges in teosinte are shown. For the genes that were used in A and Fig. 3, we generated the maize coex-
pression network and then show the edges that are conserved in teosinte. This demonstrates that there are edges present in maize following domestication
that were not apparent in teosinte.
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Fig. S5. Comparison of sequence haplotype and expression levels. (A–C) Neighbor-joining trees are created for three genes that are located within genomic
regions that experienced selective sweeps. These represent examples of maize genotypes that contain an allele similar to teosinte genotypes, or vice versa.
(Right) Bar plot shows the relative expression levels for each genotype. The blue bars indicate maize genotypes, and the red bars indicate teosinte. The scale
bar indicates expected substitutions per site. (D) Example of a differentially expressed gene near a genomic region with evidence of selection. XP-CLR (Cross-
population composite likelihood ratio test). Some of the regions identified by Hufford et al. (1) as putative targets of selection did not contain any annotated
genes. We found examples in which genes near these regions are differentially expressed in maize and teosinte. In this example, the gene shows lower ex-
pression in teosinte and selection may have acted on regulatory regions that affect this gene.

1. Hufford MB, et al. (2012) Comparative population genomics of maize domestication and improvement. Nat Genet, 10.1038/ng.2309.
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Table S1. List of genotypes and classifications

Genotype Maize or teosinte Cross-type
Group

assignment Tissue source NAM? Seed accession no.
Structure-based
assignments Hufford et al. (1)

A680 Maize Inbred SS Individual Ames 23503 SS
B73 Maize Inbred SS Pool NAM PI 550473 SS Yes
B79 Maize Inbred MIX Individual PI 608766 NSS
B84 Maize Inbred SS Individual PI 608767 SS
B97 Maize Inbred NSS Pool NAM PI 564682 NSS Yes
CML103 Maize Inbred Trop Pool NAM Ames 27081 Trop Yes
CML228 Maize Inbred Trop Pool NAM Ames 27088 Trop Yes
CML247 Maize Inbred Trop Pool NAM PI 595541 NSS Yes
CML277 Maize Inbred Trop Pool NAM PI 595550 Trop Yes
CML322 Maize Inbred Trop Pool NAM Ames 27096 Trop Yes
CML333 Maize Inbred Trop Pool NAM Ames 27101 Trop Yes
CML52 Maize Inbred Trop Pool NAM PI 595561 Trop Yes
Hp301 Maize Inbred Pop Pool NAM PI 587131 Trop Yes
I205 Maize Inbred MIX Individual NSL 65871 NSS
Il14H Maize Inbred Sweet Pool NAM Ames 27118 Other Yes
Ki11 Maize Inbred Trop Pool NAM Ames 27124 Trop Yes
Ki3 Maize Inbred Trop Pool NAM Ames 27123 Trop Yes
Ky21 Maize Inbred NSS Pol NAM Ames 27130 NSS Yes
LH1 Maize Inbred PVP Individual PI 644101 Other
LH82 Maize Inbred PVP Individual PI 601170 NSS
M162W Maize Inbred Trop Pool NAM Ames 27134 Trop Yes
M37W Maize Inbred MIX Pool NAM Ames 27133 Trop Yes
Mo17 Maize Inbred NSS Individual PI 558532 NSS Yes
Mo18W Maize Inbred NSS Pool NAM PI 550441 Trop Yes
NC358 Maize Inbred Trop Pool NAM Ames 27175 Trop Yes
Oh43 Maize Inbred NSS Pool NAM Ames 19288 Other Yes
Oh7B Maize Inbred NSS Pool NAM Ames 19323 NSS Yes
P39 Maize Inbred Sweet Pool NAM Ames 28186 Other Yes
PHG35 Maize Inbred PVP Individual PI 601008 NSS
PHG39 Maize Inbred PVP Individual PI 600981 NSS
PHG47 Maize Inbred PVP Individual PI 601320 NSS
PHG84 Maize Inbred PVP Individual PI 601321 NSS
PHJ40 Maize Inbred PVP Individual PI 601322 NSS
PHZ51 Maize Inbred PVP Individual PI 601322 NSS
Tx303 Maize Inbred Pool NAM Ames 19327 Trop Yes
Tzi8 Maize Inbred Trop Pool NAM PI 506246 Trop Yes
W22 Maize Inbred NSS Individual NSL 30053 NSS Yes
Wf9 Maize Inbred NSS Individual Ames 19293 NSS
IA29P1 Teosinte Outcrossed TO Individual Ames 21809 TO
IA29P2 Teosinte Outcrossed TO Individual Ames 21809 TO
IA29P3 Teosinte Outcrossed TO Individual Ames 21809 TO
IA29P4 Teosinte Outcrossed TO Individual Ames 21809 TO
IA29P5 Teosinte Outcrossed TO Individual Ames 21809 TO
IA29P6 Teosinte Outcrossed TO Individual Ames 21809 TO
IA31P1 Teosinte Outcrossed TO Individual Ames 21810 TO
IA31P2 Teosinte Outcrossed TO Individual Ames 21810 TO
IA31P3 Teosinte Outcrossed TO Individual Ames 21810 TO
IA31P4 Teosinte Outcrossed TO Individual Ames 21810 TO
IA31P5 Teosinte Outcrossed TO Individual Ames 21810 TO
IA31P6 Teosinte Outcrossed TO Individual Ames 21810 TO
IA36P1 Teosinte Outcrossed TO Individual Ames 21814 TO
IA36P2 Teosinte Outcrossed TO Individual Ames 21814 TO
IA36P3 Teosinte Outcrossed TO Individual Ames 21814 TO
IA36P5 Teosinte Outcrossed TO Individual Ames 21814 TO
IA36P6 Teosinte Outcrossed TO Individual Ames 21814 TO
TIL1 Teosinte Inbred TI Individual John Doebley* TI Yes
TIL11 Teosinte Inbred TI Individual John Doebley* TI Yes
TIL14 Teosinte Inbred TI Individual John Doebley* TI Yes
TIL15 Teosinte Inbred TI Individual John Doebley* TI Yes
TIL17 Teosinte Inbred TI Individual John Doebley* TI Yes
TIL6 Teosinte Inbred TI Individual John Doebley* TI Yes
TIL9 Teosinte Inbred TI Individual John Doebley* TI Yes

MI, mixed genetic background; NAM, nested association mapping parent; NSS, nonstiff stalk; Pop, popcorn; PVP, plant varietal protection; SS, stiff stalk; TI,
teosinte inbred; TO, teosinte out-crossed; Trop, tropical.
*Gift from John Doebley (University of Wisconsin, Madison WI).

1. Hufford MB, et al. (2012) Comparative population genomics of maize domestication and improvement. Nat Genet, 10.1038/ng.2309.
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Table S3. Differential expression genes with altered expression conservation that are located in regions with selective sweeps

Gene ID Chr
Maize
avg

Teosinte
avg

Maize
degree

Teosinte
degree

Dom/Imp
status Interpro annotation

Best Arabidopsis
match

AC204921.4_FG011 6 5,315 3,868 2 12 Dom candidate Histidine biosynthesis
AC211164.5_FG004 2 752 352 43 32 Dcand Haem peroxidase AT5G67400.1
AC233910.1_FG006 2 2,980 4,356 257 7 Iregion
AC234169.1_FG003 5 2,358 1,658 77 7 Dregion DNA glycosylase
AC235544.1_FG005 9 2,938 4,110 3 13 Iregion
GRMZM2G000353 6 254 85 12 2 Imp candidate Zinc finger, RING-CH-type AT1G20823.1
GRMZM2G000593 3 1,747 315 6 9 Dom candidate MATE (multidrug efflux protein)
GRMZM2G003165 7 467 239 9 2 Dom region Fasciclin domain AT4G12730.1
GRMZM2G014091 8 10,627 7,197 13 33 Dom region Uncharacterized AT2G18740.1
GRMZM2G014720 3 3,951 2,840 8 10 DI_region BCL-2-associated athanogene 4 AT3G51780.1
GRMZM2G015892 1 5,371 1,561 20 10 Imp candidate Tryptophan synthase AT4G02610.1
GRMZM2G016657 8 139 470 30 8 Dom candidate Rhicadhesin receptor (cupin domain) AT1G09560.1
GRMZM2G018849 9 335 94 0 2 Imp candidate Uncharacterized AT3G27230.1
GRMZM2G021498 1 3,231 2,271 5 7 Dom region Zinc finger, RING-CH-type AT3G63530.1
GRMZM2G022538 4 14,211 6,511 2 5 Dom candidate Uncharacterized
GRMZM2G028766 4 3,833 2,488 34 34 Dom region Zinc finger, C2H2-type AT1G04850.1
GRMZM2G042789 8 340 142 0 15 Imp region Proteinase inhibitor
GRMZM2G044180 9 229 56 1 8 Imp region Protein kinase-like AT1G73660.1
GRMZM2G048928 2 3216 1,852 289 2 Dom region Tropomyosin AT1G24560.1
GRMZM2G049346 1 1,538 1,057 2 5 Dcand Zinc finger, RING-CH-type AT3G19950.1
GRMZM2G049510 3 799 91 4 14 Dom candidate KIP1-like AT1G09720.1
GRMZM2G066555 5 5,339 3,692 20 6 Dom/Imp region Brix domain AT1G63780.1
GRMZM2G068323 6 1,296 624 3 1 Imp region Pentatricopeptide repeat AT1G63330.1
GRMZM2G068436 6 1,998 941 14 18 Imp region Zinc finger, RING-CH-type AT1G02610.1
GRMZM2G075315 10 1,504 624 73 35 Iregion
GRMZM2G077673 7 5,669 3,491 11 7 Dregion β-Ureidopropionase AT5G64370.1
GRMZM2G102183 2 2,043 1,010 1 84 Dregion Malate synthase AT5G03860.1
GRMZM2G104999 2 8,640 4,572 5 78 Dregion Uridine-ribohydrolase 1 AT2G36310.1
GRMZM2G119248 1 1,130 702 6 35 Imp candidate Bromodomain transcription factor AT2G03667.1
GRMZM2G119483 8 1,215 748 5 4 Imp candidate Heat shock protein DnaJ AT4G28480.1
GRMZM2G141152 10 495 1,437 3 0 Dom region Uncharacterized
GRMZM2G141858 5 1,831 1,080 9 15 Imp region Plant lipid transfer protein
GRMZM2G172399 10 1,153 733 2 8 Imp candidate RNA recognition motif
GRMZM2G177349 2 239 2,591 0 7 Dcand Hydroxycinnamoyl-CoA

shikimate/quinate
hydroxycinnamoyl transferase

AT5G48930.1

GRMZM2G314707 2 1,750 868 4 3 Iregion TRAF-like superfamily protein AT3G11950.1
GRMZM2G315902 2 448 1,571 1 5 Imp region Uncharacterized AT4G35520.1
GRMZM2G320591 7 73 333 17 9 Dom region Uncharacterized
GRMZM2G322328 6 2,931 5,081 2 35 Dom region NADH dehydrogenase AT4G28220.1
GRMZM2G324886 3 13,353 8,900 149 9 Icand SGS domain-containing protein AT1G30070.2
GRMZM2G359952 (zmm2) 8 433 1,016 1 3 Imp candidate MADS-box AT4G18960.1
GRMZM2G371795 5 2,718 1,373 2 13 Imp candidate Orphan nuclear receptor, NOR1 type
GRMZM2G396959 2 6,149 4,203 81 24 Dom/Imp region Uncharacterized
GRMZM2G448355 9 773 126 2 17 Dcand “Transcription factor, K-box”
GRMZM2G468405 9 1,016 1,891 5 15 Dom region NAD(P)-binding
GRMZM2G702127 3 313 894 28 5 Dom region Uncharacterized
GRMZM2G703858 1 3,082 1,518 9 13 Dom region RPM1 interacting protein 4 AT3G25070.1

avg, average; Chr, chromosome; Dom, domestication; Imp, improvement.
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Table S4. Differential expression (but not altered expression conservation) gene levels that are located in regions with selective sweeps

Gene ID Chr
Maize
avg

Teosinte
avg

Maize
degree

Teosinte
degree

Dom/Imp
status Interpro annotation

Best Arabidopsis
match

AC193754.3_FG008 2 356 178 64 19 Dregion MUTS homolog 2 AT3G18524.1
AC204530.4_FG005 1 10,510 6,913 6 69 Dregion Haloacid dehalogenase-like hydrolase
AC234521.1_FG003 2 1,021 1,950 83 76 Icand
GRMZM2G005732 7 1,467 2,612 3 4 Icand AT5G02810.1
GRMZM2G022310 7 766 464 0 156 DI_region UDP-glycosyltransferase superfamily protein AT3G45100.1
GRMZM2G025340 7 3,019 1,636 2 7 Dregion P-loop containing nucleoside triphosphate

hydrolase
AT5G61460.1

GRMZM2G025648 1 6,946 4,586 51 3 Iregion AT1G73885.1
GRMZM2G026793 2 403 768 1 1 Iregion AT2G43710.2
GRMZM2G027673 4 990 670 3 14 Dregion Plant stearoyl-acyl-carrier-protein desaturase

family protein
AT2G43710.2

GRMZM2G033356 4 2,086 1,451 20 1 Dcand Basic helix–loop–helix DNA-binding
superfamily protein

AT1G12860.1

GRMZM2G039016 5 457 1,153 12 58 Dregion Pentatricopeptide repeat AT1G74580.1
GRMZM2G071959 7 5,637 3,964 387 10 Dregion Histone superfamily protein AT3G45980.1
GRMZM2G075562 5 2,364 1,525 177 10 Dregion Zinc finger, B-box, CCT domain (CONSTANS-like 9) AT3G07650.1
GRMZM2G077632 2 7,538 3,310 34 2 Dcand GTP1/OBG family protein AT5G18570.1
GRMZM2G082037 6 384 218 26 4 Iregion UDP-glucosyl transferase 85A4 AT1G78270.1
GRMZM2G083755 1 364 216 6 4 Dregion Frataxin homolog AT4G03240.1
GRMZM2G083984 2 628 1,087 16 100 Dregion Mitochondrial processing peptidase

alpha subunit
AT3G16480.1

GRMZM2G091456 1 993 567 7 3 Icand FAD/NAD(P)-binding oxidoreductase
family protein

AT1G58440.1

GRMZM2G098346 4 13,086 8,182 5 12 Dcand Alcohol dehydrogenase 1 AT1G77120.1
GRMZM2G099891 5 3,872 2,543 26 125 Dregion Chloroplast outer envelope protein 37 AT2G43950.1
GRMZM2G105229 10 567 316 11 16 Dregion Pentatricopeptide repeat AT4G02820.1
GRMZM2G107211 3 421 767 2 18 Dregion Hydroxycinnamoyl-CoA shikimate/quinate

hydroxycinnamoyl transferase
AT5G48930.1

GRMZM2G108537 6 1,545 841 1 10 Dregion Nodulin MtN21 /EamA-like transporter
family protein

AT1G21890.1

GRMZM2G128665 1 4,435 3,028 30 27 Dcand Pentatricopeptide repeat-containing protein AT4G16390.1
GRMZM2G128877 5 4,738 6,711 180 542 Dregion Vacuolar ATP synthase subunit A AT1G78900.1
GRMZM2G130055 5 774 288 21 14 DI_region “Antifreeze protein, type I”
GRMZM2G134563 4 178 367 10 25 Dregion Tetratricopeptide repeat-like superfamily protein AT1G77230.1
GRMZM2G135970 6 7,197 5,053 9 3 Dregion Peptidase M20/M25/M40 family protein AT1G44820.1
GRMZM2G137947 1 8,441 6,701 67 20 Dregion
GRMZM2G155015 6 2,214 3,198 0 5 Iregion EamA-like transporter family AT3G07080.1
GRMZM2G174092 2 271 467 69 30 Iregion
GRMZM2G175141 1 2,923 1,005 2 12 Dcand Uncharacterized
GRMZM2G177620 10 434 96 7 7 Iregion
GRMZM2G339488 1 10,620 7,395 8 7 Icand
GRMZM2G351023 2 464 1,248 3 37 Iregion NAD(P)-binding Rossmann-fold

superfamily protein
AT1G24360.1

GRMZM2G361633 6 4,379 7,331 11 186 Icand
GRMZM2G371721 7 5,089 3,551 26 97 Dregion Chaperone DnaJ-domain superfamily protein AT5G64360.3
GRMZM2G381051 6 7,473 5,661 50 16 Dregion Isovaleryl-CoA-dehydrogenase AT3G45300.1
GRMZM2G406798 2 308 813 2 13 Iregion
GRMZM2G444874 7 445 850 1 6 DI_region 2-Oxoglutarate and Fe(II)-dependent oxygenase

superfamily protein
AT3G12940.1

GRMZM2G455122 2 798 194 0 4 Iregion
GRMZM2G457211 5 255 413 1 4 Iregion Protein of unknown function, DUF547 AT3G13000.2
GRMZM2G457231 5 913 1,706 48 34 Dregion CTC-interacting domain 10 AT3G49390.1
GRMZM2G702552 4 172 586 12 94 Dregion Uncharacterized

avg, average; Chr, chromosome; Dom, domestication; Imp, improvement.
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